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yt+e =¥ y+e Compton

<AE,/E,>=4Te/Mec?-Ey/mec?
<(AE,/E)2>=2Te/mec?
thermal SZ: AT/T—y * (x(ex+1)/(ex-1)-4), x= hv/Ty

Yy =Jne (Te-Ty)/mec ot dlos ~ fpe dline-of-sight
Compton y-parameter

kinetic SZ: AT/T=/ne ve||/c OT dIos ~ [Je.dr
kaZ(G (P)dQ ~ Mgasvbulk /DA
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fluctuations in the early universe “vacuum” grow to all structure
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fluctuations in the early universe “vacuum” grow to all structure

density
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pressure intermittency in the cosmic web, in cluster-group concentrations probed by tSZ
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[CAT i chk Bond CIAR
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v+e =¥ y+e Compton
<AE,/E,>=4Te/Mec?-Ey/mec?
<(AE,/E)2>=2Te/mec?
thermal SZ: AT/T—y * (x(ex+1)/(ex-1)-4), x= hv/Ty

Yy =Jne (Te-TY)/mec ot dlos ~ fpe dline-of-sight
Compton y-parameter

r=[y(©,0)dQ~ Eth /DA* ~(Egrav-3Pxkinetic,etcV+3PsV)/2 DA’
IRIAL THEOREM: Egrav ~GM MR ~M5?3 dark matter dominated

kinetic SZ: AT/T=/ne ve||/c OT dIos ~ [Je.dr
IkSZ(G (P)dQ ~ Mgasvbulk /DA
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Mustang on GBT 90 GHz 64 bolometer array Imaging SZ e
@~10"’ res 4 cls 2010, ~25 Hubble CLASH cls to come Devlin, Mason, .. e

' l l . L) ’ ' . ' ' ' . . l

20.0 | :
; 1 CL1226 z=0.89
10.0 § 8 Red Chandra
Blue/cyan weak lens 2
3:33:00.0 B Green optical
White MUSTANG SZ >30
50.0 | '
5 X = ABCG ~ X-ray peak
L i B Dark Matter peak
0.0 B~ [obe of SZ ridge
30.0
20.0 §
32:10.0

. . . . . . . . . l . . . . . . .
12:27:00.0 58.0 26:56.0

a (J2000) 7
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- Mustang on GBT 90 GHz 64 bolometer array Imaging SZ
@~10” res 4 cls 2010, ~25 Hubble CLASH cls to come Devlin, Mason, ...

¥ future: High-Res SZ sim for MUSTANG2  now: CL1226 z=0.89

12:27:00.0 58.0 26:56.0

« (J2000)

Red Chandra

-- &R €05 OE-03 BE-05 0.0001 0012 000014 Blue/cyan weak lens 2
100x mapping speed! Green optical

160 cf. 64 pixels, over o White MUSTANG SZ >30
larger area (5’ vs. 407) _—_

ABCG ~ X-ray peak
=> Planck followup P

: R ¥ . B Dark Matter peak
full MUSTANG2 pipeline simulation .
to 350 in 1hr => detected at 2 c? in 2 hours ~ lobe of SZ ridge
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Delta T over Tea Toronto May 1987 first dedicated CMB conference, exptalists
+theorists, primary+secondary ATIT

e very small angle anisotropies - VLA results(secondary fi

Off(‘,(‘.t. rimeva USL eInission

e small angle anisotropies - current results, optimal measuring strategies, statistical methods for
+ effect of energy injection / explosions on LSS- a big pre-COBE forecast issue = feedback

bond@ AT/Tea87: “clustered shots” (aka halos aka bbks86-peaks) with spherical pressure profiles -
via binding energy (not mass) but beta-profiles with core scaling and old X-ray beta’s

anagradlio sources

BUT spherical collapse - foo many cls & non-dynamical masses - high M’s too low
= peak patches BM91-96 tidal fields - virial mass from homogeneous ellipsoid dynamics,

R %ate cluster positions, masses, binding energies, clustering

e..g, application to Planck sims 90s, CBI, AMIBA, ..

constrained supercluster treePM-SPH sim of ACDM +cooling: largest k-range
of its time (>> Virgo sim) SZ in supercls may give us the outskirts of cls & gps,

not filaments (unless 1 large gas E-outflows) B+Kofman+Pogosyan+Wadsley 97/99

painting halos with analytic Ysz & pressure form factors 2002-11 cf
SPH-hydro (Gadget/Gasoline, MMH, ENZO, ART 2001-11; ITP cluster test 96-00):
iscrepancy from 2002: big issue was/is: A 200 to 20, non-thermal KE/Eth

What sort of objects in the cosmic web dominate the SZ effect?
A= 200, 120, 60, 20 then convergence, pick up far-field of clusters and
grou ps + a little into filaments (unless 3 large gas E-outflows into filaments)
What is the redshift range that contributes to the SZ effect?

all from 0 to ~2 half <C.52>3000 from z>0.5 & M<3x10'4 M, h-!
Tuesday, February 22, 2011




CITA-SZ with feedback: Battaglia, Bond, Pfrommer, Sievers & Sijacki 2010, BBPS 2011a,b,c

for ACT+SPT+Planck etal, urgent to show the cluster-theory-variance as effects are added
07 goal large treePM-sph sims (~1000° gas+DM)-NOT 08-11 goal 5123 & 256° & single-hi-res-cls

shock heat only “adiabatic”; cool+SN E; cool + SN E + winds; cool + SN E-feedback
+ winds + CRs from cluster shocks;
but because of core overcooling and overproduction of stars, needed a subgrid
model of AGN/starburst feedback in halo cores, calibrated with the (small mass) cluster-BH
calculations of Sijacki (with Springel, Pfrommer, ...). Feedback is the essence of Gastrophysical
Cosmology. Energy/Momentum driven winds, Relativistic injection.

full Sijacki-resolution was/is ~ infeasible for single massive clusters, and certainly strongly
infeasible for big-box statistically useful samples, & also itself is just a subgrid model hence our
exploratory subgrid BH/Starburst feedback model

AGN feedback + cool + SN E + winds: AEis;j~ €At SFR over Ragn in halo
centre, episodic above a SFR threshold, &e.<¢: most Eisjabove z=2, so
much freedom to minimize &efr e.g., Einj58% at z> 2, 23% in 1 < z < 2 19% z<1

conclusion circa 2011: ﬂ universal panacea to cure cluster cores: highly inhomogeneous,

episodic and cluster-history-dependent. if observables are overly sensitive to this, then we become
gastrophysical weather reporters and not cosmological gold-sample miners delivering pure cosmic

parameters. BUT most relevant SZ-region ~0.5R500 to ~3R200 = different non-thermal problems:

kinetic pressure aka “turbulence”, pressure/density clumping, asphericity, ... but we need
hydrodynamically-reasonable inner cores hence subgrid feedback (beware of cutouts of overcooled cores)
“every cluster is a bullet cluster” - or was a bullet
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Compton-y map: “adiabatic”

= formation shock entropy from gravitational accretion only
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Compton-y map: Feedback

= AGN or Starburst E-feedback + radiative cool + SN energy + wind + (CR)
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= F 4107
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kinetic SZ map (log): Feedback

= AGN or Starburst E-feedback + radiative cool + SN energy + wind + (CR)
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Compton-y map: Feedback

= AGN or Starburst E-feedback + radiative cool + SN energy + wind + (CR)
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Y(<ra)-M(<ra) relation, where

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200

Battaglia, Bond, Pfrommer, Sievers 11

P ' Planck-ESZ
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i z=0 |
o Feedback
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3 F ilmass pre
@ E —
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Y(<ra)-M(<ra) relation, where

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200

Battaglia, Bond, Pfrommer, Sievers 11
: ———T— Planck-ESZ

B LI | 1
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Y(<ra)-M(<ra) relation, where

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200

Battaglia, Bond, Pfrommer, Sievers 11
: e Planck-ESZ

gives Ysrs00

E z=0 A
e Feedback A (JOOQU

0% ® Arnaud et. al. 2010 (REXCESS) -
- x o 0110
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Y(<ra)-M(<ra) relation, where

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200

Battaglia, Bond, Pfrommer, Sievers 11
, ———r——r Planck-ESZ

I
. gives Ysgrs00
B z=0
e Feedback A UJOO(U
0L ® Amaudet. al. 2010 (REXCESS)
- - o Marriage et al. 2011 (ACT) 0 ol1eo
'1-3 - ® Andersson etel. 2010(SPT)
Q I
roz- -
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5 10° . g| virial theore
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scaled Pressure profiles: din Ew(<r)/din r

Battaglia, Bond, Pfrommer, Sievers, Sijacki 10

s Bt
: ot BRI AGN Feedback

2=0 BElsims match
| o0p ElArnaud etal
S i <X-ray profiles>
2 Raan dto data-end ~rsoo
S — ANk Juniversal?
= OOI Ti:;it:::ll.i?’f)m Radiative cooling —~ redShift, mass, e

— Arnaud et al. 200‘9 1 dependent

— . KS + concentration Duffy et al. 2008
S10 (10"*Mg< Moy < 5x10"*M,, 2 < 0.2)
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r IRso0 7/ Rsuo
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1.0~ 1.5x 10" M,
- 2.3x 10" M,
3.6x 10" M,

— 5. 7x 10 M,

”.-:(;.\'u-(cm\.gg' ,A . ' . Pkln /Pth~0.1'0.6!

— 88x 10" M, <(AV)2>/C52

1 e cannot be
ignored in HSE
()ll e

Vg tot=Pg8

Battaglia, Bond, Pfrommer, Sievers 11
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/Py,

I’m N

AEntropy per gas-baryon

Entropy per-gas- baryon Profiles for Ysz-We/ghted Scaled-stacked Clusters

Pr—— v v v e ——

AGN feedback
0.9x 10" Mg
1.5x 10" M.
2.3x 10" M,
3.6x 10" Mg
5.7x 10 M,
8.8x 10" M,
Shaw et al. 2010
Trac et al, 2010

1 - 1

Pkin /Pth~0.1-0.6!

<(Av)?>/cs?
cannot be
ignored in HSE

Vg tot=Pg8

0.1

—— Thermal

—— Thermal + Kinetic
____ + Anisotropic
—— AGN feedback

- - Radiative cooling
— - Shock heating

= - DM Kinetic
-7 2+~  —— AGN feedback
T L - - Radiative cooling
g — - Shock heating

Z . Entropy-per-dark-matter Profiles

o AGN feedback + Anisotropic

AEntropy per DM

4 - ! 15/8 gives better-than-NFW fit
P ¢¢¢ 4;_._;;’/”15/8 to DM-only simulation profiles. |
Dz Rso0 - gas/star effect affect NFW-ism
-6 _._T 1 nn | ! 0
Battaal/a Bond Pfrommer, Sieyers 11 - ™ PR ogy 19 r/ R200
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AGN feedback

i — 09x 10" M.
1.0~ 1.5x 10" M,
2.3x 10 M,
3.6x 10" Mg
5.7x 10 M,
—_— S8 10" M,
- Shaw et al. 2010

MR Trac et al, 2010
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AGN feedback
—_ 09x 10" M.
1.0~ 1.5x 10" M,
2.3x 10" Mg
3.6x 10" M,
e 9 3%: 100 M
— 8.8x 10" Mg
= Shaw et al. 2010
Trac et al. 2010
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Hydro Sims include all effects
(except of course for those not included).

Analytic and semi-analytic
treatments must be fully
calibrated with sims to give a
useful phenomenology.
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Y(<ra)-M(<ra) relation, where

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200

Battaglia, Bond, Pfrommer, Sievers 11
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Y(<ra)-M(<ra) relation, where

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200

' lBat'taqlia, Bond, Pfror'nmer,‘Siev'ers 11
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Y(<ra)-M(<ra) relation, where
M(<Ra)/V(<Ra)=A pcrit, A=2500, 500, 200
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_ ives Y
I z = (0 HSE corrected g 5R500
e Feedback . 2% 23!
0*l. ® Amaudet.al. 2010 (REXCESS) ’7_,_;,.‘:';( | 3 JO0C
< - Marriage et al. 2011 (ACT) o SR ]
= : Andersson et el. 2010 (SPT) ¥ o b M & NIro
= | @ Planck Collaboration 2011 1oL+ g
2 i 4
% Ve OUC
S 10° -
310 : : nOre
IO.() ’ s | i i i i A i I PR |
]0“ 10|5

M, Mg

Tuesday, February 22, 2011



Y(<ra)-M(<ra) relation, where

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200

—Battaglia, Bond, Pfrommer, Sievers 11,
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Y(<ra)-M(<ra) relation, where
M(<Ra)/V(<Ra)=A pcrit, A=2500, 500, 200

i Planck-ESZ
_ ives Y
I z = (0 HSE corrected g 5R500
e Feedback . 2% 23!
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~_Planck sees the rarest and most massive clusters over the whole sky: 86% with z<0.3;

masses to 1.5 x 10° M_ . 90% of the RASS above M > 9 x 10" M__ detected by blind ESZ,
5/21 of new Planck > 9 x 10" M_ . But “stacking” with the multifrequency filter

extends the mass range to ~0.5e14 Msun
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Y(<ra)-M(<ra) relation, where

S
-

Yﬁnﬂ\‘pj, I r\*lpc2 l E(:)‘:/.‘
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-~~~

S
N

l 0~6 z

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200
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Ncluster

(YSZ,MIens,YX, LX,TX, Lcl,opt,Rich,---
| gold-sample, thresholds)
+ CLS%(cuts) will deliver valuable

cosmic gastrophysics for sure.

Will it deliver fundamental physics
e.g., the dark energy EQS, primordial
non-Gaussianity??? as even?




so much for context

& theory &
forecasts.

on to the results:
Planck, ACT, SPT,
Mustang on GBT,
AMI, SZA, APEX, Bolocam....




