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How structures form

-Large scale structures are those larger than
individual galaxies

-Basic formation mechanism: gravitation instability
-Inhomogeneities existed in universe’s density (CMB)
-Dense regions expand slower than less-dense
-Highly dense regions collapse (stars, gas clouds,
etc.)

-Collapse happens in a hierarchal fashion (clusters
CIRERY

-Gravity is not all, pressure gradients push outwards
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Structure of the Universe
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Millennium Gas Simulation

(MGS)

» Re-simulation of Millennium Simulation
(Largest project ever to simulate
universe)
* MIGS uses gas dynamics under 2
treatments.
1) Shock heating using gravity only
2) Cooling and preheating
e Examine structural properties and
observable X-ray and Sunyaev-Zel’dovich
(SZ) signals for halos
» Uses a God’s-eye view for a volume of
500 Mpc h side length




Chandra Telescope

eX-ray telescope (0.1-10 keV) i B Sunshade Door

e Satellite launched in 1999 Mode

* 374 of NASA’s “Great

Observatories” \ A7 iy - Aspect Canera

* Sensitive to X-rays at a much
higher sensitivity than any other X-
ray telescope

* Angular resolution of 0.5 g Rsclutin
arcsecond 1HR)
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Extracted Spectrum
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Good relation for
lower energies

Lots of scattering
at higher energies




Snap 102

Snap 104
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TABLE II Luminosity-Temperature Relation at z =0

Source Lg*® aLr
Edee and Stewart (1991) 6.3+13 2.62 £0.10
David et al. (1993) 5.6+£09 3.37 £ 0.05
Markevitch (1998)° 6.4+06 2.64 £ 0.27
Allen and Fabian (1998)° 57+34 2.92 +0.45
Allen and Fabian (1998)“ 4.6 = 7.3 3.08 £ 0.58
Arnaud and Evrard (1999)° 59- 2.88 £0.15
Xue and Wu (2000) 76+1. 2 2.79 £ 0. 08
Novicki et al, (2002) 6.0+ 4.2 3

Ettori et al. (2002) 7.3+18 2.54 £ 0. 12

“Bolometric X-ray lu:mno:.lt\ is Lx = Le(Tjum/6keV)* LT with
1

Lg in units of 10%* hZ 2ergs—!

“Cores of clusters L‘(('lbl.'_‘d to avoid cool cores.
“Clusters without cool cores.

“Clusters with cool cores.
“Sample avoids clusters with cool cores.

*Log-log plot of L., v Temp
eLook for power law
relation (Expected slope ~3)
Linear relation can be seen
*More scattering than we
anticipate

*Qutlying data points

Simulation values

Snapshot 102: 1.5
Snapshot 104: 1.2

A few observed values summarized



The Computer Science

*Navigating a Unix environment

*C++ Programming (Hello World!)

*Small problems grow to big problems when
working on large scales

*Positives and Negatives of batch computing on
Legato

The Infamous RunAnd

The Physics/Re:

* Research is a fluiiaSSss
* How the universeliSIStEHCtusSau ac

e Components of clESISES ALt here i
* Different data ob ~d b srent- survevs
* What we can lear il
* We are negligible
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