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SZ Machine!

Beyond the

primary CMB,
Planck is
producing

exciting SZ
results!

" Planck Coll. XXIX 2013 e blanck Coll. XXIX 2013
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X-roads Cosmology
& Astrophysics

Alternative:

observed scaling relations
e.g. Sifon et al. 2013

still marginalized

over biases

0.4

Hasselfield et al 2013

Latest cluster cosmology

Limited by uncertainty in the
Y-M relation & Pressure
profile

e.g. Benson et al 2013,
Hasselfield et al 2013,
Rozo et al 2013, &
Planck Coll. XX 2013

Simulations are a tool for understanding and quantifying
the important gastrophysics, biases, and scatter in surveys
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X-roads Cosmology
& Astrophysics

Latest cluster cosmology

Redshift evolution

VESSRSCIhIRE | imited by uncertainty in the
I Y-M relation & Pressure
profile

e.g. Benson et al 2013,
Hasselfield et al 2013,
0.200 0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400 H{OZO et al 201 3’ &

m el Planck Coll. XX 2013

Simulations are a tool for understanding and quantifying
the important gastrophysics, biases, and scatter in surveys
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Modeling the ICM

(Semi)Analytical:

Simulations:
e.g. Da Silva et al 2000, Springel 2001, Bond et al 2002, BBPSS 2010 508015 Gunta) ot 5610, Shaw 6eal 5010 a6 204l 201

Processes that need to be included

® Feedback ( )

® Non-thermal pressure support
PKIN, PB

® Asphericity and sub-structure

sider a therica,Q Cow

Plasma processes ot radius R ... @
® etc...

The ICM is complex!



Our Simulations

e Circa 2010:

Box lengths 200-400 Mpc h™'(2563, 5129)
Halo Mass resolution 103 Mo A’
- Gadget2+ (SPH).with 3 “physics”: models

- Non-radiative (Adlabatlc)

; Radlatlve coollng + SF + SNe + CR
- “AGN” feedback f -

7T 800 Clusters W|th |V|200 > 1()14 |\/| h 1

Unbiased
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Simulation Pin Profile

- Stacked P+ profile
- dE / dInR peak in En
- Virial Theorem

— Y - M relation
- HSE assumption
- ﬁNfdblfg — V Pih « Min
oo - Depends on
“Gastrophysics”
- Scatter about < P >
vl ROWERSDECTIEI

Total thermal energy , l
200

— Arnaud et al. 2009
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Planck P Profile

< Pw > profile from Planck
Stacked 62 low z clusters

at r > Rsoo more < Py, >
than the Universal

Planck |

ey pressure profile

B04+N07+P08

Betiasia ot 0. (3011 (Arnaud et al. 2010)

Similar results for Coma
Planck Coll. 2013
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Variance in Py Profiles

- Large variance around
the < Pw > profile

— P clumps/variations

R200 TRvir

o
~
o
S
wy
RS
~
~
~—
(=
S
wy
R
~
=
R

o
-,
[U—

Impact:

AGN feedback,z=0
— 4.6x 10" Mg< My, <7.25x 10" Mg
...... Modified GNFW fit

- tSZ power spectrum
halo calculations
-Y-M relation (scatter)

1.0
BBPS 2012b
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ICM inhomogeneities

e 005 - = 005 k.
M,,, = 1.36 x 10 Mg 100 200 =_1'36X 10° Mg 100
N N
I I
O O
o o
(o8] (8]
110 ; 110 ;
~ ™
< <
1 1 1
0.1 0.1
-100 -50 0 50 100 -100 -50 0 50
x [ Arcmin | x [ Arcmin |
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ICM iInhomogeneities

I I I 1 I | | 1 I | | | I I I I | | I I I I | | I

z=0.05
M,y = 1.36 x 10° Mg

=
AT[uK ] 30 GHz

-

~ 10 % fluctuations

u|
[—
=
L
=
=
=
<
=
S
=
L
=
=
=
L
=
=
=
[ —
=
-
=
L

x [ Arcmin |
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ICM inhomogeneities
tSZ power spectrum

— Simulations

tSZ Power spectrum = Puofile paste Sub-structure

Analytical

implications: contribution!
- High mass halos

25% at ¢ ~3000

- All masses
15% at # ~3000 b =g22szd—V g An(M.2)
o b / dz dM
* Additional power
from Non-uniformity

must be included In
Analytic calculations

‘)7] (M,Z)‘z

BBPS 2011 blOOOO
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Ysph - M relation

z =0, HSE corrected

AGN feedback

Arnaud et. al. 2010 (REXCESS)
Marriage et al. 2011 (ACT)
Andersson et el. 2010 (SPT)
Planck Collaboration 2011

[E—
<
N

lllllll
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<
()]
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|
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=
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=]
e
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lllllll

BBPS 2012a
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Ysph - M relation

[E—
<
)]

210 Gastrophysics affects
® AGN feedback the Y-M ~30 % bias

@ Radiative cooling
@ Shock heating

tSZ power spectrum
amplitude too

|
(@]
3,
=¥
=
e
Q
S
®
>
=
)
o
S~
S
S
S
S~
G
]
o

BBPS 2012a
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Ysph - M relation

“Gastrophysu: ]
=() i
. W affects the scatter -

____ Radiative cooling "/ -\ 0 ]
—__ Shock heating = ~ 15 % level
Gaussian fit -, LAl .

o
[S—
-,

S
S
~
-y
Zo)
~
a.

| ] | | I | | ] | I | ] | | I |

0.4
BBPS 2012a
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Non-thermal pressure

Long History:

o

AGN feedback z=0

1.1 x 10" Mg<M,,, < 1.7x 10" M

17x10‘4M <M <27x1014M
27x101“M <M <42x1014M
42x1014M <M <65x1014M

65x1014M <M <101x1015M
1.01 x 10° M <MOO<157x o‘SM@

Shaw et al. 2010
Trac et al. 2010

Thursday, April 4, 13

BBPS 2011a

Evrard 1990,

Kay et al. 2004,

Rasia et al. 2004,

Lau et al. 2009,
Ameglio et al. 2009
Meneghetti et al. 2010,
Nelson et al. 2012,
Rasia et al. 2012

Hard to model
for semi-analytic
methods

bias in HSE
masses




HSE Bias

AGN feedback, z=0
11x10'4M <M, <17x10'4M0
l7x10'4M <M <27x10'4M0
27x10"‘M <M <42x10"‘M0
42x10'4M <M <65x10'4M0
65x10""M <M <101x10'5M0
101x10'5M0<M.,00<157x10'5M

=~
P e
| |

Mysg (< 1) IM (< 1)

BBPS 2012a
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Planck Y PS (

Best-fit tSZ spectrum

Best-fit cluster counts

CMB paper - EM12 tSZ template
Shaw et al. (2010)

Battaglia et al. (2010)

TBO2

TBO1

K&S (2002)

BBPSS 2010
Cuts at z < 0.07

removes low £ power

1 | | | | l

10°

Planck Coll. XXI 2013
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Planck Y PS (aside

— Planck Coll. XXI 2013
— BBPSS 2010
— BBPS 2012 + zcut correction
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[E—
o

lllllll

N
L
O
on
-+
y—(
=
:
N
=
~
P
y—(
-+
T—
~
<)

|

Thursday, April 4, 13



Summary

e (Gastrophysics affects:
< Pth (r) >, scaling relations, and o

e Clusters are not smooth
15% effect on the power spectrum




