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Abstract: The largest structures in the Universe -- Superclusters of Galaxies -- range in size from afew Mpc to the 'Great Walls scale of hundreds of
Mpc. What is the shape of these large structures -- are they filamentary in nature or are they flattened two-dimensiona 'pancakes? How do they
form and evolve? Superclusters are typically dominated by clusters of galaxies, systems that serve as one of the most powerful tools in cosmology.
What is the shape of clusters -- are they spherically symmetric or are they elongated? Are they aligned with each other on large scales? | present
results that answer these fundamental questions, revealing the predicted shape and evolution of the large-scale structure in the Universe in the

current popular cosmology. We show that the shape of clusters provides an interesting new tool in constraining cosmology, as well as provides clues
to the formation and evolution of large-scale structure.
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g What is the Shape of =
Large-Scale Structure?

[Clusters, Superclusters]

Why important?

+* What is the Universe like?

+ Formation & Evolution of Structure
* Proper Use of Clusters
¢ Cosmology
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Topics

€ The Shape of Clusters
€ Alignment of Cluster Pairs
€ Evolution of Shape & Alignment
€ New Tool in Cosmology:
=>» Cluster Ellipticity
€ Superclusters: Filaments or Pancakes?
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g Cluster Shape %

- ® | arge-Scale Simulations of LCDM
[1500° Mpc?; Q_= 0.27; Dark-Matter; 1.2E11 Mo/p]

= 106 Clusters [M,,,>2E13h' M_]
m z=0to3

m Determine Cluster Best-Fit Ellipse
(2nd-moment of particles)

0,=3xx) = alt>a2>a3
B E=1-a2al
® E, =1-a2,/al,, (projected)
2> <E>~0.3-0.5




| g | T -



<E> versus Redshift and Mass

Evolution of Cluster Ellipticity %

<s>
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Mean Cluster Ellipticity %
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mean 2-D ellipticity

0.24

0.22

O
0

e
—
®

Pirsa: 09040052

5

I I |'

M,, =10"h-'M_

: B 4

) = ]

| b 3T s, J

| . I " 1 ! | \ L A i N N | ! i.i $ |
0.4 0.6 0.8 1

3.2

Page 19/29



1

Pirsa: 09040052

et hhoaedl

10

‘TW“"

)

Cluster pair sepmabon (Mpc)

Fig. 8.— Same as Figure 6, but for the 3-D alignment function using the pointing angle



I Cluster Alignment Function _
g—“ (Hopkins, Bahcall, Bode ‘05) '

i .--l"'l‘-..

= Alignment of Clusters to ~100 Mpc
= Alignment increases with cluster Mass

= Alignment increases with Redshift

= Alignment happens along Filaments

=» Clusters start highly elliptical and aligned;
both decrease with time!

= Predictions can be tested against observations
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Superclusters

® Filaments? ‘Pancakes’? Properties?

® Defined: Clusters of Clusters
® Select using F.O.F. of Clusters (= Percolation)
® Function of Percolation Length L
b=Lrk,.~0.15-0.5;
L~3-10Mpc, z~ 0, M_> 1.75E13 M,

" (Jse LCDM Simulations

Pirsa: 09040052



X-¥ Projection of z = 0 Superciusters with L = 7 Mpch. N >= 5

Fig. 1. Clusters identified as superciuster members at redshift zero. for L = Th ' Mpe and
ik mailtiplicity 5. Clusters representssl by similar poings are memabers of the same
- superciuster. See the text (52.3) w further daseripton.
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X-Z Projection of z = O Supsrclusters with L = 7 Mpch, N >= 5
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Conclusions
Superclusters

= Supeclusters are Triaxial
> More so at ealier times

= Size: reaching ~200h" Mpc
= Shape: <a2/a1>~ 0.6, <a3da1>~ 0.1-0.2
eg., ~ 100 x 60 x 10-20 Mpc (z~0)

=» Nearing ‘Pancakes’ atz~ 0

- g:‘ 1-.;

-

“,J'
e
 —

.l




gp=- Conclusions *“g

Clusters T

= Clusters are Triaxial
> More so at earlier times

B<E>~03 to 0.5 (z~0to3)
= Strong Cluster Alignment to ~100 Mpc

3

= Alignment and Ellipticity increase with z
= New Tool in Cosmology:
<Ep> @ 0, 2,
e el



