Question
Answer Prompt
Measurements Team

Thank you! Background & Interpretation
Extra Slides

DES, LSST, and other experiments will probe the nature of dark
energy and determine if it is just the Cosmological Constant (A).
What are the specific measurements that need to be made, and
how precisely do such experiments need to be, before you will be
convinced that dark energy is just A?
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perfect fluid contribution in equilibrium, in inertial frame
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Question
Answer Measurements available
Measurements Are you convinced « is a universal constant?

Thank you! Dark Energy is A until another model has a better Bayes factor.
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What are the specific measurements that need to be made?

Expansion Growth rate of structure

Observable H(Z), dL, dA ag, 53, fO'g, YL
Matter Power Spectrum

SN Ia

Galaxy BAO peak RSD
Experiments Ly-a/Quasar BAO peak | CMB (kSZ, tSZ)

Strong Lensing Weak Gravitational Leasing

Voids* Clusters of galaxies

Gravitational waves*

*Soon
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To what precision do these measurements need to be

made?

A just happens to have some ‘fine tuned’ value, but it's as
constant as the fine-structure constant «.
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Are you convinced « is a universal constant?
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Measurements

Are you convinced « is a universal constant?

Thank you! Dark Energy is A until another model has a better Bayes factor.
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2 -10° years ago, a pocket in the Earth naturally formed a Ur fission
reactor, reacting for 2.3 - 10° years. The abundance ratio of £3°Sm/$3°Sm
constrains |Aa/a|< 1075, the coolest experiment ever.?

3J-P Uzan (2002)
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Are you convinced

a is a universal constant?

Ben Osherson

(=
SSI 2017 Project




Answer

Dark Energy is A until another model has a better Bayes factor.

Posterior
Odds

P(M;) “Bayes _

P(M,) ~ Factor ~

P(9)
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Answer

Computing the Bayes Factor

Dark Energy is A until another model has a better Bayes factor

4.107%

Required o for odds
>20:1 >150:1 InB today (o =0.1)
Phantom (0,10) N
Fluid-like (2/3,0) 3-1072
Small departures (0.01,0.01)

4.4 (strongly disfavoured)

1.7 (slightly disfavoured)
0.0 (inconclusive)
Arthur Scardua
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Answer

Figures of Merit

Dark Energy is A until another model has a better Bayes factor.

— — BAO
- Cluster
SN

= WL+BAO

LSST Science Book

Curvature flo\atiﬁg i
Systematics and
WFIRST (taken from Alex Kim's slides)

Planck priors \inclu.

Arthur Scardua
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®Amendola et al. (2012), recreated by Chun-Hao To




Measurements

SNe 1a: How standard are they?

0

20 40 60 80 -20 -10 0
Days Since Bolometric Maximum
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Days Since B-Band Maximum
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SNe 1a: How standard are they?
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Measurements Compliment SNe 1a with standard sirens.

Standard sirens

0 J Craig Wheeler
k]

New LIGO. Source with optical counterpart.

Blow your sox off!

10:25 AM - 18 Aug 2017
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Question
Answer SNe 1a: How standard are they?
Measurements Compliment SNe 1a with standard sirens.

Thank you! Weak lensing, BAO, RSD
Extra Slides

Error in photoZ
PSF model error

instrinsic alignment
Systematics in terms of shear-shear power spectrum

(OF () = @+ KA+ HKT () + )
——

TV -
multiplicative additive

Additive error will not be overly important for LSST from Image
simulation (C. Change et al., 2012)
Multiplicative error has to be less than 0.4% (Masset et al. 2011)
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Measurements

Weak lensing, BAO, RSD

Weak gravitational lensing: Current status

— DESY1
—  KiDS-450

* 2 shape measurement
= Planck

(im3shape/metacalibration)
* 2independent way to

measure photoZ

Multiplicative error: 1%
0.5

Troxel et al. 2017

Chun-Hao To
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Measurements
Weak lensing, BAO, RSD

Weak gravitational lensing: Future experiment

— pesy: Simulation shows by combing CMB S4
— Kibs40 |ensing, multiplicative error can be less
than 0.4% (Schaan et al 2017).
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Schaan et al. 2017
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Measurements

Weak lensing, BAO, RSD
BAO: Current status

B Galaxy BAO
B Lyo BAO
I Gal. + Ly BAO

2 .4c tension between galaxy and Ly-a
BAO (comparable to 2.56 tension

between Ly-a BAO and Planck)

Will have to understand the

systematic caused by
different samples.
10000 12500 15000
Hyrglkms™] Addison et al.
astro-ph 1707.06547
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Measurements

Weak lensing, BAO, RSD

BAO: Future experiment (DESI)

Expansion Rate

85
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Risa Wechsler talk
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Measurements
Weak lensing, BAO, RSD

RSD: Current status

dinG(a)

Probe the growth of structure: [ = ——— = Q,,,(2)”
dina
1 T T T T B : T . Ol‘lly 1111‘llt to
modified gravit 11 £ oo 7onvy | Do quasistatic 1 wileZ &
08 | s i ,// i "=y | k<0.05-0.1 h/Mpe
,,Dﬁ / é 85-DRI1 © -
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Risa Wechsler talk
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Measurements

Weak lensing, BAO, RSD

RSD: Future experiment (DESI)

For k down to 0.2 h/Mpc

dInD/ dIna

Growth rate

0 05 1 1.5
Redshift z

Risa Wechsler talk
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Measurements

Hubble tension doesn't inspire confidence
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M Distance Ladder A ACDM
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Publication Year
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Measurements

Alternative parametrizaion of w

——ALL12, Zhao et al. (201
W ALL16

mm DESl++

redshift z

Ziang Yan
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Question
Answer

Measurements Weak lensing, BAO, RSD

Tk grend Observations can be dangerous
Extra Slides

Models can be made such that they predict |(w(z) — 1)|<
very small.

ACDM will hold until something better comes along.

For these models, we need a correspondingly tiny o on w
measurements to have a Bayes factor that either comparatively
favors or disfavors ACDM.

If all systematics and tensions are resolved, then we may
accept ACDM

SNe light curve discrepancies

Weak lensing photoZ error

Instrinsic alignment

Different BAO samples are inconsistent
Galaxy bias for RSB

Hubble tension between probes

Ben SSI 2017 Project



Question

y Rasy Weak lensing, BAO, RSD
easurements

il yandl Observations can be dangerous
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Donald Trump looks direc un-

The US president couldn't resist taking a sneaky peek withouthis protective glasses:
1 US & CANADA
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Thank you!
Triggers

Observations can be dangerous

CDGP

VIPERS

Wigglez
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Question
Answer
Measurements Energy Budget to H(z)

Thank you!
Extra Slides

dp da/dt
= 3, (pt+P)
din(p) _
din(a) -3(1+w)

p(a) = p(a = 1)a 373

Q = Px i
H(a) = HO\/3_3Qmatter,0 + a_4Qrad,0 + Q/\,0 | X(j(: )?(E{/;Cri)
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