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Eichirg Komatst— Dick Bond: Synergy between Clusters & other cosmological probes
Ncluster

(YSZ,MIens,YX, LX,TX,LcI opt,Rch,

| z, gold sample, thresholds)

T C|_ CUtS +§CC (r|nci) will deliver
valuable cosm|c gastrophysics for sure.

Wil it deliver fundamental rPh SICS
e.g., the dark energy EQOS, primardial

non-Gaussianity??? as even?

cluster/gp system used since 80s: Xtra power (e Ccg => XCDM

Ppp(.25h/ Mpc) aka O3 via Ng| are we really ready for prime time? mock-ing!!
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October 2004, The Future of Physics, KITP, UC Santa Barbara,
The Phenomenology of Dark Energy and Cosmic Acceleration

KITP congrats david

80 81 84 &8 95 97 00 02 04

SN DM + CMB + precision CMB  + weak lens
incl polarization SB cluster test

Bethe Bias / LSS (hydro — SZ)

ctal + cosmic strings

theorists/phenomenologists/experimentalists/observers

Komatsu was going to talk about the virtues of the large bias & about bullets aka rare events
rare event bias: even in 84 it was recognized that there was another parameter beyond peak height

(v~ mass) to characterize bias (x shape ~ concentration). in 90s, cluster patches showed anisotropic
ﬁcc(r|nc|) arises with protocluster tidal field constraints, ie environment enforces constructive wave

interference, and it is the longest waves interfering that give the bias. not surprising that generalized
bias is not trivial since this is what defines the structure of the cosmic web, superclusters, etc.

Nrare-events (M-sort-of, & other selection biases) statistics of one or a few - care must be taken to make big claims
“every cluster is a bullet cluster” - or was a bullet , tis the nature of the hierarchy
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fluctuations in the early universe “vacuum” grow to all structure

evolve
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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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easther 1+Z = 1+redshift

' 1
redshift vs i’g';:“ —Céxpansmn scale factor)1
wavenumber: .| \
knL & the cosmic web ! %\\«m
“virialized” collapsed ,¢ |, R
objects bridged by a 10~ - §7 i i
network of filaments, ?
membranes & voids 2
g &
1o
3
i
Now

WAUENUMBs -

Friday, March 18, 2011




CeasteT 1+Z = 1+redshift
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Standard Parameters of Cosmic Structure Formation

ns?":At AS

°dn /dink|T
| +W0, Wa 0 ~U 63—1 @ ~ lnag

+ subdominant

isocurvature, cosmic string,
& fgnds, tSZ,kSZ, ...
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andard Parameters of Cosmic Structure Formation

W Qi 7e --
_W-

0~ (" (ne@)] ~ Inog

+ subdominant

isocurvature, cosmic string,
& fgnds, tSZ,kSZ, ...
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Neo-Standard Parameters of Cosmic Structure Formation

ns?":At As

°ldn g /dIink T
| +W0, Wa 0 ~ Cs_l @ ~ ln0§

new parameters: trajectory probabilities for early-inflatons|& late-inflatons

artia blind cf. informed ‘“theory’ priors

8¢x2/3= 1+Wge(a)
= - dlnp(l)/dlna3

+ subdominant

isocurvature, cosmic string,
& fgnds, tSZ,kSZ, ...
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future of DARK ENERGY phenomenology: “equation of state”

CMB gives rulers at z=1100 angular-diameter-distance maps to T/E
patterns now

CMB ISW eftfects and low L give limited sensitivity — cosmic variance
X-correlation with 5 density surveys, each ~2.5 sigma

SN standard candles luminosity-distance (comoving radial distance, i.e.
conformal time)

number densities & counts comoving volume

Cluster/ gp system: SZ (Compton scattering off hot gas) T optical + X “tomography”
+ hope (gas)

Dependence on linear perturbation evolution

dInD/dIna (counts, weak clustering) 1.e. dlnog/dIna

& its nonlinear memory (in weak lensing, galaxy & cluster clustering, ...)

October 2004, The Future of Physics, KITP, UC Santa Barbara, The Phenomenology of Dark Energy and Cosmic Acceleration
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October 2004, The Future of Physics, KITP, UC Santa Barbara, The Phenomenology of Dark Energy and Cosmic Acceleration
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future DE equation of state trajectories NOW
(1+Wde) = - dInpde / dlna3 =2/3 Eq) & £=Q¢£Lp +Qm£m & Em=3/2

current: CMB + WL + LSS 4+ SN + Lya forecast: CMB + WL + BAO + SN

quintessence

quintessence

phantom phantom

Wde(a) Wde(a)

future =[PlanckZ.5+ CHIME}BOSS-BAO+"JDEM-SN+Euclid-WL”

3-parameter Wde (Z|V(W),IC) paves even wild late-inflaton trajectories
semi-blind Wde (Z) in many z-bands determines only ~2 eigenvalues
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current acceiera |on rajeciories
(1+Wtot) = dlnptotldlna =2/3 & =-2/3dInH/ dIna

- (14Witot)3/2 now
1.5 e -
3 I

1 e-fold
1 —
best-fit _
- 10 trajectories T
05 ~ ACDM best-fit —
| | | | I | |

0 0.5 1
informed = 3-parameter Wde (z|V(),|C)
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current acceiera |on rajeciories
-2/3dInH | dlna°F ...

(1+Wtot) = - dlnptot / dina® =2/3 € =

- (14Wiof)3/2 now | E
1.5 ——
&
1
best-fit
- 10 trajectories
05 ~ ACDM best-fit —
i | a
0 0.5 1

informed = 3-parameter Wde (z|V(),|C)

[ V=V, [1+c0s(¢/0.6) ] a ]

| Q=027

Friday, March 18, 2011




— ! - ) ' )
W=W,+ (1'a)Wa Huang, Bond, Kofman 10

DE EOS & the CMB.

constrains Qm

—1 L Current (CMB + SN + LSS + + Lyo) 4
1+w, =.01+.05-.06 if wa=0 .02%J4-.11 if w70
Forecast (Planck + EUCLID + CHIME + JDEM SN)

1+w, =.00+.01-.01 if wa=0 .00+.03-.031Kw,70
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2004 forecasted SPT counts 0s~0.9 days

Effect of w(a) on Cluster Redshift Distribution
(Area = 1000 sg—-deg, SZ flux limit = 10 mdy)

Subha Majumdar & Graham Cox CITA04 4000 sq deg with SPT, 22000 clusters

1+w, =.01+.05-.06 if wa=0 .02+.14-.11 if w70

1+w, =.00+.01-.01 if wa=0 .00+.03-.03 if w.#0

Wy
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| ¢
1+Zo

ACT counts, calibrate y => M => n(M) with sims - need more MC sims B
yre=a =
8 Sehgal et al. MO
0 0
-0.5¢ -05
_1 s _1 !
= =

-1.5¢ -1.5¢
=2r =2t

232 06 %fa 1 12 234 06 %:8 1

8

8

1.2

FIG. 6.— Likelihood contour plots of w versus 0g showing 1o and 20 marginalized contours. Leff: Blue contours are for WMAP7T alone, and red contours are
for WMAP7T plus ACT SZ detected clusters, fixing the mass-observable relation to the fiducial relation given in Section 4.2. Right: Contours are the same as m
the left panel, except that the uncertainty in the mass-observable relation has been marginalized over within priors discussed in Section 4.3.

14w, =.01+.05-.06 if w;=0

14w, =.00+.01-.01 if wa=0

.02+.14-11 if wa#0

.00+.03-.03 if wa#0

Wy
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. B C
SPT counts Vanderlinde et 2010 e Mtrue 1+7
y o =A| —
' My 1+20

N WMAP wCDM N WMAP+BAO+SN
[ WMAP+SPT wCDM | | =1 WMAP+BAO+SN+SPT ||

)

05 06 07 08 09 1.0 1.1 12 05 06 07 08 09 1.0 L1 1.2
g

g3
1+w, =.01+.05-.06 if wa=0 .02+.14-.11 if wa70

1+w, =.00+.01-.01 if w.=0 .00+.03-.03 if wa#0

Wy
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Quintessence V(1)) & KE<0 Phantom?
3-parameter paving of trajectories

w(z|€g U4 Cg ) Huang, Bond, Kofman 10 ¢,
€g™ (dan/dlp)ZM @pivot 2,
=.00 + .18 -.17 current

to =.005 + .031 -.025 future €

O, ~tracking parameter ~(1+wqe) at hi z |

=.00 + .21 +.58 current
to =.00 + .034 +.093 future

Cs ~d?InVidy? ~ not constrained

1+w, =.01+.05-.06 if wa=0 current
1+w, =.00+.01-.01 if wa=0 future

0

vu.4a

-----------------

Prior: Planck25yr WL/
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future scalar power spectrum trajectories

consistenc

LT . .
Witkadll  scanning ng, 10 knots, cubic spline

In Ps(ln I()
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i '.:'_"'
cutt@nf: CMB + WL + LSS + SN + Lya 8
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In[k/Mpc ']

0

SCGn nS(Ink) InAS—InPS(kplvots) IVOtt)
=> reconstruct .E (In 5

10%10[1010P(k)]

b 'ﬁcamnnb ng, 10 knots, cubic spline
Rl i
b

', ¥ forecast: CMB + WL + BAO + SN

-8 -7 -6 -5 -4 -3 -2 -1 0

V(y)

In[k/Mpc 1]

EW=E =-dInH  dina ; V(\P)=3M:2H2(1-E/3) ; dy/ dIna = £VE

GWISEr =16€  oiman vaurerange 5911

r=0.1V /(10"6Gev)*
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future scalar power spectrum trajectories
SCGn nS(Ink) InAS—InPS(kplvots) IVOtt)
consistency => reconstruct .E n 5 V)

VL . .
Witkadll  scanning n,, 10 knots, cubic spline g, g A
1 i !
0.9 R 1 A 'ﬁcamnub ng, 10 knots, cubic spline
i e R
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-8 -7 -6 -5 -4 -3 -2 -1 0
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Standard Parameters of Cosmic Structure Formation

Tglr = At/As
W N 7, Jedlnk T

. Y2
I+wo,wa O ~ L ' N Inog

primordial non-Gaussianity -4< fy; <80 (+- 5 Planck)
P(x)= Po(x)+ e (P6*(x)-<Pc*>)
local snidoth

+ subdominant

isocurvature, cosmic string,
& fgnds, tSZ,kSZ, ...
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Standard Parameters of Cosmic Structure Formation

lnA STZAt/A

°dng/dInk Tt

| +w0, wa 0 ~ Cs : @ ~ IHOS

bias modulation with a nearly scale invariant ®g out to Rhor

primordial non-Gaussianity -4< fy; <80 (+- 5 Planck)

D)= D) () D (x)-<D?>)

local smdoth

+ subdominant

isocurvature, cosmic string,
& fgnds, tSZ,kSZ, ...
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primordial non-Gaussianity -4< fy; <80 (+- 5 Planck)

D(x)= Da(x) HFNL)DP2(X)-<Dc2>) CMB peaks (hot&cold)
local smooth. use optirfial pattern estimator => the WMAP Cold Spot
DBl inflation: non-quadratic kinetic energy ,‘g,’gfgﬁgg,@fg,gyggygggﬁ
cosmic/fundamental strings/defects 6., rare event nonG tails

from end-of-inflation & preheating

d(x)= Dg(x)+ F -<Fni>
(X) G()/ NL()p)-<FNL ]

resonant preheating fNLeff + cold spots
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bias modulation with a nearly scale invariant ®g out to Rhor

primordial non-Gaussianity -4< fy; <80 (+- 5 Planck)
D(x)= Da(x) HFNLY DG (X)-<Dc2>) CMB peaks (hot&cold)
local smooth. use optirfial pattern estimator => the WMAP Cold Spot
DBl inflation: non-quadratic kinetic energy clusters are frequency.
cosmic/fundamental strings/defects 6. (fare event nonG tails

from end-of-inflation & preheating

D(x)= Ps(x)*+ FNL(xp)-<FnL>

resonant preheating fNLeff + cold spots
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CBI ongoing to Sept’'05  Bicep Quiett Quietz

Acbar ongoing to Sept’06+ QUaD (1000 HEMTs)
APEX SCUBA Chile
(~400 bolometers) 12000 bolometers)

SZA Chile
(Interferometer) 0 ACT

Owens Valley o' (3000 bolometers) 2015
o Chile CMBpol
2003 2005 2007 .
2004 2006 2008
WMAP ongoing to 2007+ SPT ALMA
Polarbear (1000 bolometers)  ([nterferometer)
(300 bolometers) South Pole Chile
Cahfomla Planck
E ‘!. #(50 bolometers) &

POLARBEAR L2

October 2004, The Future of Physics, KITP, UC Santa Barba omenology of Dark Energy and Cosmic Acceleration
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CBI pol to Apr’o5 @chie CB|2

QUaD @sP
Planck09.4
52+ bolometers o4
+ HEMTs @L2 I '
9 frequencies \"
WMAP @L2 to 2010
201
2004 2006 2008 LHC Bpo
2005 2007 21+26~50 (>=750 009 @L2
>96 Acbarese AMIBA 1§0ng05 N
%\{ﬁg ~1 blind SZA@Cal @SPOIC pa
ACT-M
2y 3000 bolos
AMI = Chil SPTpol
7+1 cls >=50+25 APEX reqs @Chile ~4 ACTpo
80s-90s =400 holos@Chile 1 ¢ AIMA
Ryle - m i ' SCUBA2 _
OVRO GBT 112000 bolos ~ CCAT@Chile
JCMT @Hawaii | MT@Mexico
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Bond@2004, Second Planck Symposium, Orsay, France, January, The CMB Landscape circa 2008: Mocking Forecasts

in praise of mocking the cluster/gp system with increasing sophistication: Monte Carlo selections,
contamination of probes, nei (what's happening, Mass++ ), & ... MC mock-observations & systematics
cluster near, intermediate (> r500) & far (>r200) field
internal bulk flows aka turbulence
ratty edges from filament inflow
anisotropy # spherical
line of sight contaminants for cylindrical measures
clumping, subhalos, ...
radio galaxies / AGN / BCG inside
other galaxies inside
background galaxies
short distance complexities in a coarse-grained world

@Monsters Inc: good movement in this direction, e.g., ACT, Planck, SPT, DES, X..., an industry arises, Mockers Inc.

need: fast + numerous MC, but informed by high res full simulations

beware, although DM-dominated the gas/stars are - of course - highly biased inside the

clusters, painting/splattering dark matter halo potential wells (e.g., pe((I)N(X)) can
never be accurate; e.g., DM ellipticity >> gas ellipticity >

Friday, March 18, 2011



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

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

lBat'taqlia, Bond, Pfror'nmer,‘Siev'ers 11

: ! / Planck-ESZ
" © 4 1 8ives Ysrsoo
! z = 0 HSE correction . > L
e Feedback ’ =3
j0¢l- ® Amaudet. al. 2010 (REXCESS) = «- ,:'::; 5 _ d oo
5 e Marriage et al. 2011 (ACT) — ’, . O
" - @ Anderssonetel. 2010 (SPT)  “4= : -
3] . @ Planck Collaboration 201 b %} oo #
& ! . N A
% E . T a a . .
< 103 i
f IO :._ - s a . a
- £ :
7 na(Ysz) cf. nai(Mhse) Cf. nei(Mirue)
o | L " 1 i N FIRAT  Sa | "
10" 10"
M, IMg
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Y(<ra)-M

(<ra) relation, where

S
-

Yﬁnﬂ\‘pj, I r\*lpc2 l E(:)‘:/.‘

pa—

-~~~

S
N

106

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

b

Battaglia, Bond, Pfrommer, Sjevers 11

z = () HSE corrected

Planck-ESZ
gives Ysrs00

e Feedback , 7 |
o Amaud et. al. 2010 (REXCESS) r«;;,{? IS Ysz a gOOd
Marriage et al. 2011 (ACT) M

Andersson etel. 2010 (SPT) M s
¢ Planck Collaboration 2011

mass proxy in

W ki nei(M, 2)?

even though
virial theorem

asymmetry long/short <20% Y(e! KU yres | M)
; ical ~30% —
effect; cf. spherical ~30% =S nCI(Y, Z)

“turbulence” pxin/pin~20% effect

A |nput physics ~30% effect

1

‘lolJ

YM offset’ Hint for sub populatlons? Optical

M, (Mg selection? Difference between Mx & MLens & Mbias?...
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tSZ~G88 can we get 08 Planck 6, ! primary ACT 6; : SPT 6, :
|
| B
— . ACT1 ' e -
I 10 B : - Y4 hILres
robes
= [ fgedback
E [ ..@2>0.8
0 i
o -
v - 4 A 0 | ..
- e
® 7| sTtemplates| e
« L~ - | ~degeneracy | ..--"
(3" | — . tSZ AGN feedback g
iy — - tSZ Shock heating 5
+ [ .10 kKSZ contribution -
O l — tSZ + kSZ d
= i | wen Ay, ACT AGN feedback
- ggl?al? — Primary CMB -
CBI!
L L AR TR | . : a A g P gt &
] . . half <C.>3000 from z>0.5
high resolution frontier: 1000 ( & M<3x10" M h-! J 10000
SZ power sp ectra L Battaglia, Bond, Pfrommer, Sievers 11
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ns(k), GW r(k), nonG fy++, pde(t), my, strings, isocurvature, ...

near-future cosmology => PlanckEXT

EXT=many observatories & expts enabling the cosmology/astro
XMM Herschel Fermi WMAP GBT BLAST ACT SPT AMI CBI CBASS QUIET SDSS IRAS CO/HI-maps, ...

ACTpol, SPTpol, eRosita, PanStarrs, DES, LSST, Mustang2,
CCAT, 48s, spider: EBeX, keck, .. C EXT
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