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How do we know that
Dark Energy is out there®




Most of the Universe is Dark

L~ 0.01
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‘Definition’ of Dark Energy:

Einstein equations
a A4z

= 3
: : (p+ 3p)

/3 1e w:i= "

|:> acceleration!

special case:

b6 w=-—1
cosmological constant A
(constant as p; oc (1+ 2)>14%) +s const )




1) Supernovae type Ia:
‘standard candles’
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1) Supernovae type Ia:
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Well, they are not really standard, let’s standardize them

light-curve timescale

as measured
“stretch-factor” corrected

My -5 log(h/65)

peak x
duration of
lightcurve
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1) Supernovae type Ia:
‘standard candles’
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Cluster Search (SCP) Bottom ].j.ne:
| distant SNe appear dimmer
poer el 2000 than predicted in a Universe

Amanullah et al. (2008) (SCP)

et &5 hass) iscp without DE,
e oo, the Universe has accelerated

owalski et al. (2008) (SCP)
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&) Baryon Acoustic Oscillations:
‘standard ruler’

L=0di
'\ Angular distance
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&) Baryon Acoustic Oscillations:
‘standard ruler’
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&) Baryon Acoustic Oscillations:

‘standard ruler’ -
Y o comoving distance
0

(‘unknown’)

o

dz’ dz:

so L as fnct of z and 0,0,

Xl = o H(2) :/0 Ho+/Oum(1 + 2')3 + Q4

What is the ‘ruler’? A pinch in the galaxy distribution




: d : NB: can actually do

‘standard ruler’ .
Y o comoving distance
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What is the ‘ruler’? A pinch in the galaxy distribution
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3) CMB:
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3) CMB:

In principle: another ‘standard ruler’ *:
the size of the sound horizon at z ~ 1100

TS:/CSdT cs ~ c/V3

*(actually, it’s the ‘same’ ruler as BAO!)

In practice: DE is too subdominant at z ~ 1100,
there are degeneracies w other effects

On the other hand: CMB fit gives Q.. ~ 1 * O ~ 0.73

Moreover, recently: using weak lensing of CMB light
SR 01 — 06170




- complementarity
- concordance

(2p = 0.725 £ 0.016

v = 0.274 £ 0.007

Other probes played / will play a role:
- cluster counts
- weak lensing...




What do we know of the
(particle physics) properties

of Dark Energy®
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A cosmological constant, w = —1
measured value pp = 2.5 1074 GeV*
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cosmological constant, w = —1
measured value p, = 2.5 10~*" GeV?

: 1 e
estimate puac = 5 Z 9i /O k? +m? 121 orders

3
particles (27T)

L k o of magnitude!!
- 16 2 5 .‘
articlene e . 59 orders

if b~ Ms g GeV of magnitude!

if SUSY Kmax ~ 1 TeV  pp ~ 10'7 GeV* *

evolution in time The worst
fine tuning

problem.
Ever.

Why now?
Coincidence

A nthropis,m?
problem. Mu/ltiverse?
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Dark Matter exists Dark Energy exists

We have (almost) no clue of what they are,
but many hints and many ideas.

The ‘era of data’ The ‘era of data’
is now for DM. is coming for DE.

May you live in exciting times.




