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fluctuations in the early universe “vacuum” grow to all structure

evolve
from early

U vacuum
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scalar field™ >

~(
fluctuation *;x/

,.'qn

’ - . . : _’-“'.. - - t L I
v . $ o4 . : : ‘. \) A ) .‘: . ’ .‘ o 3 ; ', . - . : p() e,'l,a
II the ...itn‘. ; .._ -ﬂ‘ " ) ol B

._ gty and
< g« i AR AR S &N vacuum
"“3“"‘5\5. Fo > PERET AL SRR -, B A R o T noise
the ultra- - m = '\‘?"m‘-"-f. 21 Ly R sk T My e N T

early L W R e Vs -
Universe ‘,a b T T

, . . ‘. '; > : b - . : . '. ‘\ ':-.-:I‘.‘r el « -
Saturday, January 15, 2011



fluctuations in the early universe “vacuum” grow to all structure

density

Gadget-3 St
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pressure intermittency in the cosmic web, in cluster-group concentrations probed by tSZ

e T R  cntangled
AT RSP T ST A Y in the
400 FECEEEE e g R cosmic web
Mpc . . . I L R
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CITA lw s r "'.
[CAT i e - Dick Bond CIAR

the Sunyaev-ZeIdovich Probes

of Gas inthe Cosmic Web: overview
y+e =¥ y+e Compton
<AE,/E,>=4Te/Mmec*-Ey/mec?
<(AE,/Ey)?>=2Te/mec?

thermal SZ: AT/T=y * (x(ex+1)/(e*-1)-4), x= hv/Ty

y =Jne (Te-Ty)/mec? Ot dlos ~ § pe dline-of-sight
Compton y-parameter

kinetic SZ: AT/T=/ne Ve||/c O7 dlos ~ fJe . dr
kaZ(G,cp)dQ ~ Mgasvbulk /DA2
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(anadian Instivute for
CITA 5 Dick Bond &FCIAR
dasmophysique theodque
»

dC (0[O JIJC

U v c 0 =1J): Ove
AT/T=y * (x(e*+1)/(e*-1)-4), x= hv/Ty
=-2y to xy, 0 @ v=217 GHz
Aly = AT/T* x%e/(ex-1)?

A (pm)
10 sx10° 2x10° 10® s5x10®
e pnpemprmpp— - H

1" A2163, yoz 10735

o
(e

Al (Mly sr )

L&

| nE Diabal998~
20 50 100 200 500 1000
v (GH=z)
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(anadian Instivute for
CITA 5 Dick Bond &FCIAR
dasmophysique theodque

dC [0 JIJC

] : 0 =1¥ ) ()ve a
AT/T=y * (x(e+1)/(e*-1)-4), x= hv/Ty
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(anadian Instivute for
g&}‘% nemanses - Dick Bond & CIAR
dasmophysique theordgque

\G \ : € 2J[o[o “FODE

L 48 : 0 ] - 0 =1J): Ove v
| AT/T=y * (x(e+1)/(e*-1)-4), x= hv/Ty
X, L Nl =-2y to xy, 0 @ v=217 GHz
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Compton-y map: “adiabatic”

= formation shock entropy from gravitational accretion only

107
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-0.5 0.0 0.5
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Compton-y map: Feedback

= AGN or Starburst E-feedback + radiative cool + SN energy + wind + (CR)

107

10°
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Adiabatic - Feedback
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(anadian Instinute for
(AAA 25 Dick Bond #7CIAR
dasmophysique theordgque

the Sunyaev-Zeldovich Probes
of Gas inthe Cosmic Web

v+e =¥ y+e Compton
<AE,/E,>=4Te/Mmec*-Ey/mec?

<(AE,/Ey)?>=2Te/mec?

AT/T=y * (x(ex+1)/(e*-1)-4), x= hv/Ty
y =Jne (Te-TY)/mec2 o dlos ~ fpe dline-of-sight
Y=fy(6,0)dQ~ Eth /DA% ~(Egrav-3Puxinetic,etcV+3PsV)/2 DA’
VIRIAL THEOREM: Egrav ~GM;MR ~M5? dark matter dominated
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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)

0.1 1.0
r/ Rsy,
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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 Planck-ESZ

gives Ysrsoo
104 B z=10

e Feedback E -
e Arnaud et. al. 2010 (REXCESS) . | S YSZ a gOOd
Andersson et el. 2010 (SPT) . ;
{MAassS Proxy in

wo.spn IMpC’]

even though
ivirial theorem
1 Y(e,K/U,...]M)
| => ncl(Y, Z)

B : : . : P .1015
My, IMd]
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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) 13
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1.0 1.5x 10" M,
- 2.3x 10" M,
3.6x 10" Mg

—_— ST7x 10" M,

".-:(i.\'(lp}i;'dt;.:;:l‘\'“ . ' . Pkln /Pth~0.1'0.6!

— St o <(&v)*>/cs’

1 e cannot be
ignored in HSE
()ll e

Vg tot=Pg8

1Ry,

Battaglia, Bond, Pfrommer, Sievers 11
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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
~
A%  Jesessasessassavasesssrsnssesesnsgffincsesesasusssondiiivay RGN < ssassininen
0.1 ;
™ _I
.I
_/
./
'I
”~
1 P na 1
0.1 1.0

Battaglia, Bond, Pfrommer, Sievers 11

1Ry,

Pkin /Pth~0.1-0.6!

<(Av)?>/cs?

cannot be
ignored in HSE

vpgtotzg

1.0L
. AGN feedback, z=0
: 1.4x 10" Mg
- 2.2x “.)” .\l;;_.
b 34x 10 Mg M M NO 8 '
09t 5.2x 10" Mg, HSE .
r — 8.1% 10* Mg
= L PR ”)H -\1;3
v
< 08K
v

0.1 1.0
/R,
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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

A I
~
&%  Jesessascnsassovaserssrunssenasnsaffincsesasnsusssoagiiivay RIS s a5 cavsisinonss
0.1 | :
_I
.I
_/
./
_I
-~
P na P |
0.1 1.0

R,

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.

Battaglia, Bond, Pfrommer, Sievers 11

4 Pkin /Pth~0.1-0.6!

<(Av)?>/cs?

cannot be
ignored in HSE

vpgtotzg

. AGN feedback, z=0, 3

3 1.4x 10" Mg

[ 2.2x 10" M,

b 34x 10 Mg M I\/l NO 8
091 5.2x 10" Mg HSE .

r 8.1x 10" Mg

— 12.x 10" M, ]

M, (<) IM,,, (<)

/R,
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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 Planck-ESZ

10 gives Ysrso0

IS Y a good
mass proxy in

§ e nal(M, z)?
g 10° binned in 1/3  _
= ISIUREE RN ©\cn though
VAR viial theorem
- Lower 3@ Y(e,K/U,...|M)
10°[ s 5 5 0% s osmeg =>ncl(Y, 2)
1014 1015
M,,, IMd]
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Y/M>/3 ys M relation: “turbulence”

10" N T T N T T T T T T I
_Battaglia, Bond, Pfrommer, Sievers 11 . - ) -
T J Ekin/Eth Z2=0"
! AGN feedback, z=0 |

K/U upper 3"
2 E __ K/U middle 3™ B
€ — K/U lower 3™
= i il
= ~20% effect
\_ i -
él
@
=%
=
% '. ™ ;{'c.l 28
5 1
10° . . : : : s 21
IOH ]015
M, [Mgl
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Y/M?>/3vys M relation: A input physics

AGN feedback is better: M>° scaling broken

108 Battaglia, Bond, Pfrommer, Sievers 11

z=0
e AGN feedback
@ Shock heating
e Cooling + SF ~30% effect

Yﬁm_.\'ph AMsy, / IUNM@ ]53 [ IWPC:]

10° . ; 1 e
10" 10
‘Mﬁm [MG]
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Y/M>3vs M relation: asymmetry

5 ———r—
107 Battaglia, Bond, Pfrommer, Sievers 11 '

[ principal z=0
AGN feedback, z= 0 1
" axis ratios ___ C/A upper 3°
- ___ C/A middle 3r -
___ C/Alower 3°
<20% effect

Ysoo.spi IMPC?] 1 (M3 7 10™ MQ*?

O gty — S
LT¥CL M -
10° : : ; b p 2 29
1014 1015
M,,, [Md
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Ysph Cf. Yeyi vs M: asymmetry

Battaglia, Bond, Pfrommer, Sievers 11

I()5 Y T T T T 10
- AGN feedback, z=0 .
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—— Yspcy; MAajor axis
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JCAT 2.
the Sunyaev-Zeldovich Probes
of Gas inthe Cosmic Web

e \ A v+e =¥ y+e Compton

/ CITA =i pick Bond 4 CIAR

kinetic SZ: AT/T=/ne ve||/c Or dlos ~ f)e . dr
JKSZ(0,p)dQ) ~ MgasVbuik /DA2
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Compton-y map: Feedback

= AGN or Starburst E-feedback + radiative cool + SN energy + wind + (CR)

107

10°
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finding clusters QY- Ry xetd Matched SZ-cl filters (size,v)

| 3 ' ] *

40 -

arcmin

arcmin
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220 I 50 220 GHz-150 GHz, Beam Convolved ACTp0| examples

. H

need to do Matched SZ-CIuster F|Iters using aII frequencies




Matched Filter(v) =f(v)y_pr0ﬁle (O|BCI)*(Csignaﬁ'Cnoise)_lv v’
3 ¢ ———p

»Noise

variance
“ well
defined
- 40
hence
= =20 Vary
Ocl
, maxSIN

z=0 AGN
hydro

wprofile
used

40

ACTpoi-sha.IIow-~ 4000 sq deg (20 muK-arcmin) 150 GHz only
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Matched Filter(v) =f(v)y_profile (0|0cl)*(CsignaitCnoise) v v

-~ TN as

~noise
variance
“ well
==£odeﬁned
hence
a0 Vary
Ocl
- ““maxSIN

'z=0 AGN
., hydro
profile

ACTpoi-sha.IIow ~ 4000 sq deg (20 muK-arcmin) 150+220 GHz

Saturday, January 15, 2011




Matched Filter(v) =f(v)y_profile (0|0cl)*(CsignartCnoise) v v

% «NOISEe
mvariance
well
20 « defined
: hence
vary
§ o Qcl
10 30maxSlN

2 7=0 AGN
3 hydro
o profile
. used

30

-10

40

ACTpol-deep 150 sq deg (3.785.2 muK-arcmin) 150+220 GHz



220 I 50 220 GHz-150 GHz, Beam Convolved ACTp0| examples

. H

need to do Matched SZ-CIuster F|Iters using aII frequencies




CBI pol to Apr'05 @chie CBI2

QUaD @sP
Planck09.4
52+ bolometers
+ HEMTs @L2 I ‘
9 frequencies “’
WMAP @L2 to 2010
201
2004 2006 2008 LHC Bpo
2005 2007 SPT 2009 @L2
06 ﬁcbl?adr@sp AMIBA D baio
%\mg N SZA@cal @SPole |
arra ACT
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80s-90 ‘& ~400 bolos@Chile | : _
Ryle _ \§/ SCUBA2 ALMA
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JCMT @Hawaii | MT@Mexico
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CBI pol to Apr’o5 @chie CB|2

QUaD @sP
Planck09.4
52+ bolometers g4
+ HEMTs @L2 I '
9 frequencies \"
WMAP @L2 to 2010
201
2004 2006 2008 LHC Bpo
2005 2007 21+26~50 (>=750 009 @L2
>96 Acbargsp ANMIBA IOSOg)br(!l‘os R
%\{ﬁg ~1 blind SZ.A@Cal @SPole ™
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oy 3000 bolos
AMI " 3treqs @chil SPTpol
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sub-cluster

High-Res SZ with MUSTANG |

_mnadn (mu-.naczo-n)
AMUSTANG (red)

20" ~ 140kpc
- ™ - |

56.0 . - 3 ‘500

ol v ¢
MACS0744+3927 z=0.69 L8 RXU1347-1145 7=0.45 .
weak shock near the Ko7 e W) ';.t._ Mason etal 2010 .
core Korngut etal 2010 ¥ @8 °. | strongly shocked

V2 . gas>20 keV, 140

2001: Nobeyama 40
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High-Res SZ future: MUSTANG2 100x mapping speed! -

160 cf. 64 pixels, over larger area (5’ vs. 40”) Planck followup to 350 in 1hr s

full MUSTANG2 pipeline simulation
=> Detected at 250 in 2 hours

p.ooo14
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52+ bolometers A
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9 frequencies “’
WMAP @L2 to 2010
201
2004 2006 2008 LHC Bpo
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CL32~SUMall-cls,z FT[pe]? FT[ncl] (L/Da)
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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,
AMI, Bolocam,...




