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Cosmology and structure formation

* Energy composition of the Universe
leads to structure formation scenario

— Qverdensities collapse due to
gravity

* Today: Number density — Halo Mass
Function
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Total gravitating Mass

e Total mass assuming hydrostatic equilibrium
+ Temperature and density profile needed

—rk,T
Gum,

dlnpgas dinT

M
w(<r)= dInr dlnr

« Each cluster analyzed individually
* LM scaling relation derived self-consistently from same
- sample



HIERYGES

* Fluxlimited (2-10"erg s™' cm™ ), complete and selected from ROSAT

« 64 very bright and nearby galaxy clusters

 All HIFLUGCS clusters observed (many several times) with Chandra
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64 HIFLUGCS Galaxy Clusters observed with Chandra
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Apphephiiateytenpeiatiiie
pakaineliZation

1. Smoothly joined power laws:

1

T(r) =

{1/ [0 + {/[@)]F) < 5 free parameters
¥ Pi
t(r) =T, Q=12 4
(") "““(100 kpc) I 4
2. Power laws mediated by an exponential:
T(r) = Ty + t,(r)e” " + t,(r) (l — e/ ’F}T) < 8 free parameters
I Pi
W) =) =12 5
ro

3. The Allen et al. (2001) rising profile joined to a falling tem-
perature profile by an exponential cutoff,

T(r) = t;(r)e” /") + rz(r)(l - e‘f’f’fp}"), - 10 free parameters
_ [ (r/r)”
Itl(r) —a-+ Tl -1 T (I"/?"])pl_ 3
- | -
fg(}‘) =b+ T _1 n (I"/?"z)pz_ . (6)

Gastaldello+07




Mass [M ]

Massyexdtirapoelation

For most clusters extrapolation of temperature profile needed

Extrapolation of the measured temperature profile or NFW fit to
the mass profile

15 | NFW
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Massyexdtirapoelation

For most clusters extrapolation of temperature profile needed

Extrapolation of the measured temperature profile or NFW fit to
the mass profile
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Cosmologicsl rasults
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Cosmological W@@@JH@S

What is a (hydrostatic) mass bias?

; » Hydrostatic masses only account for gravity = default

~+ Non-gravitational effects | = WMAP9
« Other (e.g., Weak Lensing) analyses reveal higher cluster masses .
« Often discussed: (1-b)=0.8 means 3 ° Nodisturbed
* X-ray masses are 20% lower — = (1-b)=0.8
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International Astronomical Consortium for High Energy Calibration  m % -,

DeYdiffeieinit
INSITFUIMENES EIvE
CONSISUEMNE Fasulis?

Cross ea\loraemn ©i
RERYAINSURIIMERIES

26




12 : . . . .
Table: Anders & Grevesse 1989
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. « First time: Individually determined X-ray cluster masses for cosmology
.+ 196 observations with 7.6 Ms

« Temperature profiles for every cluster

» Best observed cluster sample

« Several tests to estimate systematics in €2,, O4 results

Systematics

: Substructure

. « Can bias surface

. brightness fits

: » One of the longest X-ray

. tails found in Zwicky
8338

: Sample composition | : Instruments :
. « Selection effects . i » XMM-Newton — Chandra
. « Dynamically disturbed i i have systematic 5
. systems and/or galaxy i i temperature differences
groups bias (0.04) . i (0.01)
. i+ Mainly soft energy band
. is affected

Other tests: (2, change) Non-linear LM relation (0.03)

Neutrino mass (0.02) Planck & dynamical masses (< 0.005)

Galaxy group incompleteness (0.06) Alternative halo mass function (< 0.005)

Different extrapolations (0.05) Hydrostatic mass bias ( 0.005 ) )8

Different radii (0.06)

Gas mass
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. « First time: Individually determined X-ray cluster masses for cosmology
.+ 196 observations with 7.6 Ms

« Temperature profiles for every cluster
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Comparing gas mass fractions with simulations (Planelles+13)
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Setup Qn fog Arm Bim OLM
HIFLUGCS + WMAP9 0.23470010 0.7857)013  0.8677003  1.448700% 0.26
High-z 0.200709%  0.889* 003 0.6967007%  1.1827013% 0.24
Low-z 0.150%0939  0.914*0134  1244+0107 1 627+0.101 0.22
25% Groups 0.22370933  0.820*0037  0.76770937  1.242+0972 0.26
50% Groups 0.198*00%%  0.8547003%  0.796700%  1.29170073 0.26
80% Groups 0.178*002%  0.884*00%%  0.811700%  1.318+006 0.26
Broken Powerlaw 0.14170020  0.988*0072  1.25470133  1.697°013%  20.995%01)2
(1-b)=10.7,1] 0.174%0926  (.938:0.066 (7250082 1 336+0.071 0.26
(1-b)=0.8 0.177+092  0.950*003%  (.694+003  1.338+0.070 0.26
High-z + (1 - b) = [0.7, 1] + WMAP9 0.280*00%  0.822700%  0.635700%  1.28170 1D 0.26
No disturbed 0.213*00%¢  0.784700%  0.9817007F 15167005 0.26
No disturbed + (1 — b) = 0.8 0.224*0036  (0.828*007  (.83770004  1.524+00% 0.26
No disturbed + (1 — b) = [0.7, 1] + WMAP9  0.271°005  0.8167013  0.7277010  1.581700¢ 0.26
Planck SZ Masses 0.234+0942 0.790*0051  0.980799%3  1.606*0107  0.197+9023
Dynamical Masses 0.17170027 094470063 (5730068 123670072 0.35
Bocquet DM 0.163*00%1  0.857700:  0.8277°002%  1.339700% 0.26
Bocquet Hydro 0.171%005]  0.8457003%  0.822700%7  1.3347006 0.26
> m, =05eV 0.187°00%  0.850*00%3  0.827700%  1.343*00%0 0.26
Y m, =1.0eV 0.21570038  0.794700%  0.839700%  1.35470070 0.26
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