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Frieman+ 2008
Geometry Growth

𝑤

 𝑎

𝑎
= −

1

2
𝐻2 2Ω𝑧,𝑅 + Ω𝑧,𝑀 + (1 + 3𝑤)Ωz,DE  𝛿𝑘 + 2𝐻  𝛿𝑘 − 4𝜋G𝜌𝑀𝛿𝑘 = 0



Method Probe type Main Issues (systematics)

Angular galaxy clustering

(including BAOs)

Geometry
𝑠

1 + 𝑧 𝑑𝐴(𝑧)
Bias prescription errors
non-linear growth
large-scale photometric biases

Weak Lensing Geometry

Growth

𝑟2 𝑧

𝐻 𝑧
𝑊𝑖 𝑧 𝑊𝑗 𝑧

𝑃 𝑘 =
𝑙

𝑟 𝑧

Shape measurement biases
Photo-z biases

Type Ia supernovae Geometry
𝐻0𝑑𝐿(𝑧)

Evolution with redshift
Dust
Photometric errors

Galaxy Clusters Geometry

Growth

𝑑𝑉

𝑑𝑧

𝑑𝑛

𝑑𝑀

Sample selection
Mass-observable relation
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Frieman+ 2008, Ruiz & Huterer 2015
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Shipp+ 2016
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Plazas+ 2014
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Lahav+ 2016
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Nielsen (2019)
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Courtesy of K. Bechtol and M. Carrasco-Kind

Credits: Cliff Johnson
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Courtesy of R. Gruendl

Nominal survey depth (10 exposures) Deep field depth (~100 exposures) Ultra-deep depth (~3000 exposures)
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Abbott+ 2018
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DES collab. 2019
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Abbott+ 2019
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Macaulay+ 2019
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Shajib+ 2019Nord+ 2019
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