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Making Sense of the Sky

Image credit: NASA and ESA
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Making Sense of the Sky

® Metric g, to define
distances/causality

® Geodesic motion for light
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® Distances: corrected by
gravitational field

e Luminosity F = L/4md?
e Angular diameter 8 = €/dx
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Use Standard Candles to Map

SN 2011fe
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Use Standard Candles to Map
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®

Nearby: Broader-is intrinsically
brighter

Standardise to some (unknown)
intrinsic luminosity

-

Obtain luminosity distance as
function of redshift dj,(2)

Jo interpret need @ model

e Gravity * .
e Composition

N 2011fe

XXI Xmas Meeting, Instituto de Fisica Tedrica, UAM



First Attempt at Model

® Copernican Principle: here is not special
e Universe grossly homogeneous and isotropic

ds? = dt? — a?(t)6;;dx"dx/
® Gravity is General Relativity

.\ 2
HZE(E) =8nGNp dL=(1+Z)JdZ

a 3 H(z)

® Matter non-relativistic
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First Attempt at Model: FAIL

L] I 1

1 -
- always accelerates
S
-
S
._g accelerates now
5 | /" I declelerates in the past
s off ! I | <
&’ oper i
— flat
o0
= —
always deceluate% closed
1 I L l 1
0 O S 1 1.5 2
Redshift z

9 December 2015

Union2 SN compilation binned in redshift
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Second Attempt: ACDM = NOBEL

Planck 2015

COMPOSITION OF UNIVERSE IF ACDM -
Dark Matter
27%
Cosmological
Constant
68%
Baryons
5%

(stars 0.4%, gas 4.6%)
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s the Universe fooling us?

Light dims/SNe evolve (“tired light”)
d 4, matches d;: photons conserved (BAO)

Here is special (“inhomogeneous universe”)

Distant clusters do not see anisotropic sky (kSZ)

Non-linear fluctuations (“averaging problem?”)

True, but no prescription gets more than 0.1% effect
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s the Universe fooling us?

THERE 1S
NO ALTERNATIVE

v i
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But is it actually A?

® Old c.c. problem: new fine-tuning at every order
® Coincidence problem: py ~ 2pm

® Wishful thinking
ng—1=-1/,(1+w)=-0.0333 £ 0.0040
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B Planck+BSH




Kunz (2007)

W is not an observable

® Distances only depend on 0.5 : : : \

Qmo =0
* We measure geometry only Qmo = 0.2

—0.5¢

® DM/DE split is ambiguous > /
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CMB is Gravitational Collapse

e ..

Photon decoupling, T = Tgec Galaxy formation

Initial conditions (inflation)

Planck 2015
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Dark Energy Changes Growth

z=3 z=1

‘ e <R
» ¢ P
e .
. - < 4
f ; ~
. '_‘.
4 e, » . R
' .. N
. 4 )
» 2 e - -
* - - )
% -
. ">
N o \ P L
)
- A,
A . Tl L ‘- ]
LA k.\
\ 9 -
-p ““
. :
3 -
pe - .
: - - - . .- -
[ e~ @y dan LD~ a h o R |
. - .' a _.l'. .
' M 11 W’ e
- L' | ‘ ;
w' L : 2 o N
€ . L 3
L Wi > g
b 3 - - .-
Set 'S -
I e - : P .
< ._‘<". ‘. > . .,
. \l ) "y -
4 5 0 > 9.
A d e
e V7, L i .
“ ) ~t 2l .
Pt e ‘..' BV A
R b on”.
1 ok LY :
4 ' ! :
- p .
’ a
0§ v : » -
- e ) - | “ a
s - 4 oy 'V il 24 -

Snowmass Report
1309:5385

XXI Xmas Meeting, Instituto de Fisica Tedrica, UAM

9 December 2015



200

Use Structure to Pro

SDSS/BOSS

be Gravity/DE

SDSS/BOSS DR10
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2500 deg? uptoz = 0.7
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Redshift =z
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Redshift-Space Distortions

Kaiser (1985)
Real space

Redshift space

Samushia et al. (2013)/BOSS
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Alt. BOSS,
z=0.57
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Weak Lensing

N § - y PATH OF LIGHT
\ Y N AROUND
N 2 0 - A DARK MATTER

DISTAN'I'
UNIVERSE /
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s everything OK with ACDM?

Kunz, Nesseris, Sawicki (2015)

CMB

(Planck 2013)
+ Distances

Probability Density

Weak Lensing
(CFHTLeNS, Heymans 2012)

+ Distances
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CMB Lensing: Smooths Peaks
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CMB Lensing: Smooths Peaks
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CMB Lensing: Smooths Peaks

Planck: Ade et al. (2015)
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e CMBL: ¢ ~ 40— 400
e WL ¢~ 300-10000
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P(k)

Scale-Dependent Growth Rate
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Baldi et al. (2013)

Careful: I\/Iasswe V
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. Dark Eﬁ;?gy\“ ‘ 3
Survey (2012); -5 DESI (~2017);
also HSC : also PFS

Euclid and
WFIRST
(~202X)

LSST (~2018)




BAO : SDSS vs Euclid
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The Takeaway

Dark energy is not going away

ACDM fits, but maybe first tensions are beginning to
appear. Maybe

Power seems to be lacking in many probes of growth

It could well end up being other physics

Massive neutrinos or dark matter interactions
can have similar physics

Caveat emptor: All cosmological probes sensitive only to
gravity; cannot say anything direct about composition
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THANK YOU'!



