
Cosmology from 
weak lensing alone and 
implications for the
Hubble tension

Alex Hall
University of Edinburgh

arXiv: 2104.12880 (AH 2021)
1



Cosmology from 
weak lensing alone and 
implications for the
Hubble tension

Alex Hall
University of Edinburgh

arXiv: 2104.12880 (AH 2021)
2

Why I love Mpc/h units



The Hubble tension

Di Valentino et al. 2021

 4 - 5σ discrepancy between 
CMB and distance ladder

H0 = 74.03 ± 1.42   km/s/Mpc
SH0ES

H0 =  67.27 ± 0.60   km/s/Mpc
Planck

• Motivates CMB-independent 
probes of H0 
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Late-time cosmology

Di Valentino et al. 2021

1) What, if anything, can weak 
lensing say about the H0 
tension?
2) Where does parameter 
information come from in weak 
lensing?

Motivates questions:

Weak lensing is maturing into 
a competitive probe of 
cosmological parameter space.

Integral part of forthcoming 
galaxy surveys: Euclid, Rubin-
LSST, Roman.
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Weak gravitational lensing

DES Collaboration, Jeffrey et al. 2021

ESA Planck Collaboration 2018

Cosmic shear : coherent distortions in the shapes of 
galaxies.

• Lensing by low-redshift structure spanning 
linear, quasi-linear, and non-linear 
scales.

• Correlations cleanly measured and modelled over 
angular separations from a few arcmins to a few 
degrees.

CMB lensing: coherent distortions of CMB 
anisotropies

• Lensing by high-redshift structure on 
linear scales.

• Correlations cleanly measured and modelled 
over angular separations from a few arcmins to 
a few degrees.
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ΛCDM parameter constraints from weak 
lensing

Galaxy weak lensing

Constrain well the combination
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Poor constraints on almost every 
other parameter combination

CMB lensing

Constrain well two of the combinations
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ΛCDM parameter constraints from weak 
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Galaxy weak lensing

Constrain well the combination
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We understand this

Do we understand this?



Why is cosmic shear sensitive to S8 and 
insensitive to H0?
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r
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The building blocks of the cosmic shear data model:

Shear angular power spectrum

Lensing kernel + source redshift distribution
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?
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F (z;⌦m) ⇡ F (z) for low-redshift lenses



Why is cosmic shear sensitive to S8 and 
insensitive to H0?

for low-redshift 
lenses
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The dimensionless matter power 
spectrum with k in h/Mpc units

<latexit sha1_base64="/BvPBiQqJgsNe0m4lCjQEtRM3jU=">AAACFXicbVDLSgMxFM3UV62vqks3wSJUkDJTRV0WdeGygn1Apy2Z9E4bJvMwyRTKMD/hxl9x40IRt4I7/8b0sdDWA4HDOedyc48TcSaVaX4bmaXlldW17HpuY3Nreye/u1eXYSwo1GjIQ9F0iATOAqgppjg0IwHEdzg0HO967DeGICQLg3s1iqDtk37AXEaJ0lI3f2LfAFekUy56x9iGh5gNse0KQhOvc5omZTtinXKKq11fB7r5glkyJ8CLxJqRApqh2s1/2b2Qxj4EinIiZcsyI9VOiFCMckhzdiwhItQjfWhpGhAfZDuZXJXiI630sBsK/QKFJ+rviYT4Uo58Ryd9ogZy3huL/3mtWLmX7YQFUawgoNNFbsyxCvG4ItxjAqjiI00IFUz/FdMB0Z0oXWROl2DNn7xI6uWSdV4y784KlatZHVl0gA5REVnoAlXQLaqiGqLoET2jV/RmPBkvxrvxMY1mjNnMPvoD4/MHLuSdkw==</latexit>

�2(k) ⌘ k3

2⇡2
Pm(k)

Physically: lensing introduces no new length scales on top of those 
already present in the matter distribution.

(Similar arguments for the intrinsic alignment terms in the NLA model)

Aside from overall factors of       , the cosmology dependence of 
lensing two-point functions is contained entirely within P(k) when 
expressed in h-rescaled units.

<latexit sha1_base64="9MWFOL+4DCfyMIkmxyXPtejNer8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxZsV7Ae0oWy2k3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd+8EDkhP9MoVr+rN4C4TPycVyFHvlb+6/ZimAqWhnGjd8b3EBBlRhlGOk1I31ZgQOiID7FgqiUAdZLN7J+6JVfpuFCtb0rgz9fdERoTWYxHaTkHMUC96U/E/r5Oa6CrImExSg5LOF0Upd03sTp93+0whNXxsCaGK2VtdOiSKUGMjKtkQ/MWXl0nzrOpfVL3780rtOo+jCEdwDKfgwyXU4Bbq0AAKHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8A5N2P4A==</latexit>

⌦m

17



Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="wyPN0/Ox1pM7sKlyh/eEnA8ZwEw="></latexit>

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆

Usual hand-wavy argument:

S8
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="wyPN0/Ox1pM7sKlyh/eEnA8ZwEw="></latexit>

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆

Usual hand-wavy argument:
<latexit sha1_base64="XyLdoCMK72wpDcVl2VYjkpR3XL8=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWZItplURcuK9gHdKZDJk3b0CQzJBmhDHXjr7hxoYhb/8Kdf2OmnYW2HriXwzn3ktwTxowq7TjfVmFldW19o7hZ2tre2d2z9w9aKkokJk0csUh2QqQIo4I0NdWMdGJJEA8ZaYfj68xvPxCpaCTu9SQmPkdDQQcUI22kwD7ybgjTqFeFnqI8a0OOglqvGthlp+LMAJeJm5MyyNEI7C+vH+GEE6ExQ0p1XSfWfoqkppiRaclLFIkRHqMh6RoqECfKT2cXTOGpUfpwEElTQsOZ+nsjRVypCQ/NJEd6pBa9TPzP6yZ6UPNTKuJEE4HnDw0SBnUEszhgn0qCNZsYgrCk5q8Qj5BEWJvQSiYEd/HkZdKqVtyLinN3Xq5f5XEUwTE4AWfABZegDm5BAzQBBo/gGbyCN+vJerHerY/5aMHKdw7BH1ifP/bVle8=</latexit>

�2 ⇠ �2
8

<latexit sha1_base64="TMELerCHSisd3AnNK18jGlJKbKw=">AAACE3icbVC7SgNBFJ31GeMramkzGASxCLtBNGUwjZ0RzAOym2V2cjcZMrO7zMwKIeQfbPwVGwtFbG3s/BtnkxSaeGCGwzn3cu89QcKZ0rb9ba2srq1vbOa28ts7u3v7hYPDpopTSaFBYx7LdkAUcBZBQzPNoZ1IICLg0AqGtcxvPYBULI7u9SgBT5B+xEJGiTaSXzh3mTBzQOGa7wLn2FVMZF9fEL/SLWP3VkCf+KJb9gtFu2RPgZeJMydFNEfdL3y5vZimAiJNOVGq49iJ9sZEakY5TPJuqiAhdEj60DE0IgKUN57eNMGnRunhMJbmRRpP1d8dYyKUGonAVAqiB2rRy8T/vE6qw4o3ZlGSaojobFCYcqxjnAWEe0wC1XxkCKGSmV0xHRBJqDYx5k0IzuLJy6RZLjmXJfvuoli9nseRQ8foBJ0hB12hKrpBddRAFD2iZ/SK3qwn68V6tz5mpSvWvOcI/YH1+QNoHJ04</latexit>

=) C` ⇠ �2
8⌦

2
m

i.e. gets the dependence wrong!

S8

19



Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="wyPN0/Ox1pM7sKlyh/eEnA8ZwEw="></latexit>

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆

More precise: Jain & Seljak 1997

S8
<latexit sha1_base64="rMK+l+7W72OaWg1Q2Ga9aGXlVZc=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIihDsRTSna2KlgVMjFY24zSRZ3747dOTEEf4SNf8XGQhFbCzv/jZuYQhMfzPB4b4bdeXGmpCXf//LGxicmp6ZnZgtz8wuLS8XllQub5kZgVaQqNVcxWFQywSpJUniVGQQdK7yMb456/uUtGivT5Jw6GdY1tBLZlALISVFxO7yT0fZmSG0k2OKhlbrXWhqiCg9PNLYg0tchqKwNUbHkl/0++CgJBqTEBjiNip9hIxW5xoSEAmtrgZ9RvQuGpFB4XwhzixmIG2hhzdEENNp6t3/UPd9wSoM3U+MqId5Xf290QVvb0bGb1EBtO+z1xP+8Wk7NSr0rkywnTMTPQ81ccUp5LyHekAYFqY4jIIx0f+WiDQYEuRwLLoRg+ORRcrFTDvbK/tlu6eBwEMcMW2PrbJMFbJ8dsGN2yqpMsAf2xF7Yq/foPXtv3vvP6Jg32Fllf+B9fANSG53C</latexit>

⇠+(✓) ⇠ �8⌦
↵
m

<latexit sha1_base64="CJsfIg4iB/4JeFrP6iA7rjno7ro=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4Con4WhbduKxgH9CEMplO2qEzSZiZCCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nTDlT2nW/rZXVtfWNzcpWdXtnd2/fPjhsqySThLZIwhPZDbGinMW0pZnmtJtKikXIaScc3079ziOViiXxg85TGgg8jFnECNZG6ts1H/N0hJHPqVKKCeQ6F3277jruDGiZeCWpQ4lm3/7yBwnJBI014VipnuemOiiw1IxwOqn6maIpJmM8pD1DYyyoCorZ8RN0YpQBihJpKtZopv6eKLBQKheh6RRYj9SiNxX/83qZjq6DgsVppmlM5ouijCOdoGkSaMAkJZrnhmAimbkVkRGWmGiTV9WE4C2+vEzaZ4536bj35/XGTRlHBY7gGE7BgytowB00oQUEcniGV3iznqwX6936mLeuWOVMDf7A+vwBeB6T/w==</latexit>

↵ . 0.5
<latexit sha1_base64="DsQH5MXZutiug9+wbUQ0w+FzKYY=">AAAB+3icbVDLSgNBEJyNrxhfMR69DAbRU9gNoh6DXjxGMA/ILmF20psMmX0w0yuGJb/ixYMiXv0Rb/6Nk2QPmljQUFR1093lJ1JotO1vq7C2vrG5Vdwu7ezu7R+UDyttHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8ce3M7/zCEqLOHrASQJeyIaRCARnaKR+ueLiCJBRV4LWWoS0ftYvV+2aPQddJU5OqiRHs1/+cgcxT0OIkEumdc+xE/QyplBwCdOSm2pIGB+zIfQMjVgI2svmt0/pqVEGNIiVqQjpXP09kbFQ60nom86Q4UgvezPxP6+XYnDtZSJKUoSILxYFqaQY01kQdCAUcJQTQxhXwtxK+YgpxtHEVTIhOMsvr5J2veZc1uz7i2rjJo+jSI7JCTknDrkiDXJHmqRFOHkiz+SVvFlT68V6tz4WrQUrnzkif2B9/gAN7ZPL</latexit>

✓ . 20

<latexit sha1_base64="7SDwLcpcc2rHBTXAtE1vi10WDeM=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbRU0lE1JMUvXisYD+gCWWznbZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2QGpFDQQIES2okGFoUSWuHobuq3nkAbEatHHCcQRGygRF9whlbyfRwCMnpDPfe0W664VXcGuky8nFRIjnq3/OX3Yp5GoJBLZkzHcxMMMqZRcAmTkp8aSBgfsQF0LFUsAhNks5sn9MQqPdqPtS2FdKb+nshYZMw4Cm1nxHBoFr2p+J/XSbF/HWRCJSmC4vNF/VRSjOk0ANoTGjjKsSWMa2FvpXzINONoYyrZELzFl5dJ87zqXVbdh4tK7TaPo0iOyDE5Ix65IjVyT+qkQThJyDN5JW9O6rw4787HvLXg5DOH5A+czx8hypBv</latexit>

✓ > 100
<latexit sha1_base64="ghvBpdOa3eckcD0YoHTaXkfPPag=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5CIWI9FLx4r2A9oQplsN+3STbLsbqQl9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5oeBMadf9tkobm1vbO+Xdyt7+weGRfVxtqzSThLZIylPZDUFRzhLa0kxz2hWSQhxy2gnHd3O/80SlYmnyqKeCBjEMExYxAtpIfbvqAxcjwD4IIdMJdp163665jrsAXideQWqoQLNvf/mDlGQxTTThoFTPc4UOcpCaEU5nFT9TVAAZw5D2DE0gpirIF7fP8LlRBjhKpalE44X6eyKHWKlpHJrOGPRIrXpz8T+vl+noJshZIjJNE7JcFGUc6xTPg8ADJinRfGoIEMnMrZiMQALRJq6KCcFbfXmdtC8d79pxH65qjdsijjI6RWfoAnmojhroHjVRCxE0Qc/oFb1ZM+vFerc+lq0lq5g5QX9gff4AtDeTkQ==</latexit>

↵ ⇡ 0.7

Using linear theory and the 
Peacock & Dodds 1996 formula 
for the non-linear P(k)

20



Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="wyPN0/Ox1pM7sKlyh/eEnA8ZwEw="></latexit>

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆

More precise: Jain & Seljak 1997

S8
<latexit sha1_base64="rMK+l+7W72OaWg1Q2Ga9aGXlVZc=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIihDsRTSna2KlgVMjFY24zSRZ3747dOTEEf4SNf8XGQhFbCzv/jZuYQhMfzPB4b4bdeXGmpCXf//LGxicmp6ZnZgtz8wuLS8XllQub5kZgVaQqNVcxWFQywSpJUniVGQQdK7yMb456/uUtGivT5Jw6GdY1tBLZlALISVFxO7yT0fZmSG0k2OKhlbrXWhqiCg9PNLYg0tchqKwNUbHkl/0++CgJBqTEBjiNip9hIxW5xoSEAmtrgZ9RvQuGpFB4XwhzixmIG2hhzdEENNp6t3/UPd9wSoM3U+MqId5Xf290QVvb0bGb1EBtO+z1xP+8Wk7NSr0rkywnTMTPQ81ccUp5LyHekAYFqY4jIIx0f+WiDQYEuRwLLoRg+ORRcrFTDvbK/tlu6eBwEMcMW2PrbJMFbJ8dsGN2yqpMsAf2xF7Yq/foPXtv3vvP6Jg32Fllf+B9fANSG53C</latexit>

⇠+(✓) ⇠ �8⌦
↵
m

<latexit sha1_base64="CJsfIg4iB/4JeFrP6iA7rjno7ro=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4Con4WhbduKxgH9CEMplO2qEzSZiZCCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nTDlT2nW/rZXVtfWNzcpWdXtnd2/fPjhsqySThLZIwhPZDbGinMW0pZnmtJtKikXIaScc3079ziOViiXxg85TGgg8jFnECNZG6ts1H/N0hJHPqVKKCeQ6F3277jruDGiZeCWpQ4lm3/7yBwnJBI014VipnuemOiiw1IxwOqn6maIpJmM8pD1DYyyoCorZ8RN0YpQBihJpKtZopv6eKLBQKheh6RRYj9SiNxX/83qZjq6DgsVppmlM5ouijCOdoGkSaMAkJZrnhmAimbkVkRGWmGiTV9WE4C2+vEzaZ4536bj35/XGTRlHBY7gGE7BgytowB00oQUEcniGV3iznqwX6936mLeuWOVMDf7A+vwBeB6T/w==</latexit>

↵ . 0.5
<latexit sha1_base64="DsQH5MXZutiug9+wbUQ0w+FzKYY=">AAAB+3icbVDLSgNBEJyNrxhfMR69DAbRU9gNoh6DXjxGMA/ILmF20psMmX0w0yuGJb/ixYMiXv0Rb/6Nk2QPmljQUFR1093lJ1JotO1vq7C2vrG5Vdwu7ezu7R+UDyttHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8ce3M7/zCEqLOHrASQJeyIaRCARnaKR+ueLiCJBRV4LWWoS0ftYvV+2aPQddJU5OqiRHs1/+cgcxT0OIkEumdc+xE/QyplBwCdOSm2pIGB+zIfQMjVgI2svmt0/pqVEGNIiVqQjpXP09kbFQ60nom86Q4UgvezPxP6+XYnDtZSJKUoSILxYFqaQY01kQdCAUcJQTQxhXwtxK+YgpxtHEVTIhOMsvr5J2veZc1uz7i2rjJo+jSI7JCTknDrkiDXJHmqRFOHkiz+SVvFlT68V6tz4WrQUrnzkif2B9/gAN7ZPL</latexit>

✓ . 20

<latexit sha1_base64="7SDwLcpcc2rHBTXAtE1vi10WDeM=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbRU0lE1JMUvXisYD+gCWWznbZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2QGpFDQQIES2okGFoUSWuHobuq3nkAbEatHHCcQRGygRF9whlbyfRwCMnpDPfe0W664VXcGuky8nFRIjnq3/OX3Yp5GoJBLZkzHcxMMMqZRcAmTkp8aSBgfsQF0LFUsAhNks5sn9MQqPdqPtS2FdKb+nshYZMw4Cm1nxHBoFr2p+J/XSbF/HWRCJSmC4vNF/VRSjOk0ANoTGjjKsSWMa2FvpXzINONoYyrZELzFl5dJ87zqXVbdh4tK7TaPo0iOyDE5Ix65IjVyT+qkQThJyDN5JW9O6rw4787HvLXg5DOH5A+czx8hypBv</latexit>

✓ > 100
<latexit sha1_base64="ghvBpdOa3eckcD0YoHTaXkfPPag=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5CIWI9FLx4r2A9oQplsN+3STbLsbqQl9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5oeBMadf9tkobm1vbO+Xdyt7+weGRfVxtqzSThLZIylPZDUFRzhLa0kxz2hWSQhxy2gnHd3O/80SlYmnyqKeCBjEMExYxAtpIfbvqAxcjwD4IIdMJdp163665jrsAXideQWqoQLNvf/mDlGQxTTThoFTPc4UOcpCaEU5nFT9TVAAZw5D2DE0gpirIF7fP8LlRBjhKpalE44X6eyKHWKlpHJrOGPRIrXpz8T+vl+noJshZIjJNE7JcFGUc6xTPg8ADJinRfGoIEMnMrZiMQALRJq6KCcFbfXmdtC8d79pxH65qjdsijjI6RWfoAnmojhroHjVRCxE0Qc/oFb1ZM+vFerc+lq0lq5g5QX9gff4AtDeTkQ==</latexit>

↵ ⇡ 0.7

Using linear theory and the 
Peacock & Dodds 1996 formula 
for the non-linear P(k)

Non-linearities are important, so it’s time we revisited this 
with a better model: the halo model - also allows the 
parameter dependence to be understood physically
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="wyPN0/Ox1pM7sKlyh/eEnA8ZwEw="></latexit>

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆

Fixing         to keep the lensing pre-factors fixed
H0

<latexit sha1_base64="9MWFOL+4DCfyMIkmxyXPtejNer8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxZsV7Ae0oWy2k3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd+8EDkhP9MoVr+rN4C4TPycVyFHvlb+6/ZimAqWhnGjd8b3EBBlRhlGOk1I31ZgQOiID7FgqiUAdZLN7J+6JVfpuFCtb0rgz9fdERoTWYxHaTkHMUC96U/E/r5Oa6CrImExSg5LOF0Upd03sTp93+0whNXxsCaGK2VtdOiSKUGMjKtkQ/MWXl0nzrOpfVL3780rtOo+jCEdwDKfgwyXU4Bbq0AAKHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8A5N2P4A==</latexit>

⌦m
<latexit sha1_base64="KG76e9LZc6CcaNlpMKMKn1RfVB0=">AAACCnicbVA9SwNBEN3zM8avU0ub1SBYhTsRtQxaaGcE8wG5EOY2k2TJ7t25uxcIIbWNf8XGQhFbf4Gd/8bNR6GJDwYe780wMy9MBNfG876dhcWl5ZXVzFp2fWNza9vd2S3rOFUMSywWsaqGoFHwCEuGG4HVRCHIUGAl7F6N/EoPleZxdG/6CdYltCPe4gyMlRruQcCl3YOaBtcgJdAAH1Leo8GtxDY0JO003JyX98ag88SfkhyZothwv4JmzFKJkWECtK75XmLqA1CGM4HDbJBqTIB1oY01SyOQqOuD8StDemSVJm3FylZk6Fj9PTEAqXVfhrZTgunoWW8k/ufVUtO6qA94lKQGIzZZ1EoFNTEd5UKbXCEzom8JMMXtrZR1QAEzNr2sDcGffXmelE/y/lneuzvNFS6ncWTIPjkkx8Qn56RAbkiRlAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AFX+mgc=</latexit>

=) � ⌘ ⌦mh

(the horizon scale at matter-
radiation equality in h/Mpc units 
a.k.a. the “shape parameter”)

changes
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22



Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="wyPN0/Ox1pM7sKlyh/eEnA8ZwEw="></latexit>

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆

Fixing         to keep the lensing pre-factors fixed
H0

<latexit sha1_base64="9MWFOL+4DCfyMIkmxyXPtejNer8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxZsV7Ae0oWy2k3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd+8EDkhP9MoVr+rN4C4TPycVyFHvlb+6/ZimAqWhnGjd8b3EBBlRhlGOk1I31ZgQOiID7FgqiUAdZLN7J+6JVfpuFCtb0rgz9fdERoTWYxHaTkHMUC96U/E/r5Oa6CrImExSg5LOF0Upd03sTp93+0whNXxsCaGK2VtdOiSKUGMjKtkQ/MWXl0nzrOpfVL3780rtOo+jCEdwDKfgwyXU4Bbq0AAKHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8A5N2P4A==</latexit>

⌦m
<latexit sha1_base64="KG76e9LZc6CcaNlpMKMKn1RfVB0=">AAACCnicbVA9SwNBEN3zM8avU0ub1SBYhTsRtQxaaGcE8wG5EOY2k2TJ7t25uxcIIbWNf8XGQhFbf4Gd/8bNR6GJDwYe780wMy9MBNfG876dhcWl5ZXVzFp2fWNza9vd2S3rOFUMSywWsaqGoFHwCEuGG4HVRCHIUGAl7F6N/EoPleZxdG/6CdYltCPe4gyMlRruQcCl3YOaBtcgJdAAH1Leo8GtxDY0JO003JyX98ag88SfkhyZothwv4JmzFKJkWECtK75XmLqA1CGM4HDbJBqTIB1oY01SyOQqOuD8StDemSVJm3FylZk6Fj9PTEAqXVfhrZTgunoWW8k/ufVUtO6qA94lKQGIzZZ1EoFNTEd5UKbXCEzom8JMMXtrZR1QAEzNr2sDcGffXmelE/y/lneuzvNFS6ncWTIPjkkx8Qn56RAbkiRlAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AFX+mgc=</latexit>

=) � ⌘ ⌦mh changes
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     changes the small-scale 
amplitude at fixed 

<latexit sha1_base64="Y1dCuCXRR2VyCQqyGtssqebWRQ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh3rf7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+q6t5fVmq3eRxFOIFTOAcPrqEGdWhAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDCo410</latexit>

H0Fixed 
<latexit sha1_base64="7plMeGjdpYBFry/3Hl7oaMsgei0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO7pXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRde/PK7WbPI4iHMExnIIHl1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gAdlI2w</latexit>

As
<latexit sha1_base64="7plMeGjdpYBFry/3Hl7oaMsgei0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO7pXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRde/PK7WbPI4iHMExnIIHl1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gAdlI2w</latexit>

As

But the amplitude is also 
controlled by  and       or     .

<latexit sha1_base64="9MWFOL+4DCfyMIkmxyXPtejNer8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxZsV7Ae0oWy2k3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd+8EDkhP9MoVr+rN4C4TPycVyFHvlb+6/ZimAqWhnGjd8b3EBBlRhlGOk1I31ZgQOiID7FgqiUAdZLN7J+6JVfpuFCtb0rgz9fdERoTWYxHaTkHMUC96U/E/r5Oa6CrImExSg5LOF0Upd03sTp93+0whNXxsCaGK2VtdOiSKUGMjKtkQ/MWXl0nzrOpfVL3780rtOo+jCEdwDKfgwyXU4Bbq0AAKHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8A5N2P4A==</latexit>

⌦m
<latexit sha1_base64="7plMeGjdpYBFry/3Hl7oaMsgei0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO7pXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRde/PK7WbPI4iHMExnIIHl1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gAdlI2w</latexit>

As
<latexit sha1_base64="BdP4EC1MHCEt4PSs1CLjz6ODoGY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1eoYNBe7X+uWKX/XnQKskyEkFcjT65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVUYkFNmM3vnaIzpwxQrLQradFc/T2RYWHMRESuU2A7MsveTPzP66Y2roUZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo5EIIll9eJa2LanBV9e8vK/WbPI4inMApnEMA11CHO2hAEwhweIZXePMevRfv3ftYtBa8fOYY/sD7/AHSB4/T</latexit>�8
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="wyPN0/Ox1pM7sKlyh/eEnA8ZwEw="></latexit>

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆

Fixing         to keep the lensing pre-factors fixed
H0

<latexit sha1_base64="9MWFOL+4DCfyMIkmxyXPtejNer8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxZsV7Ae0oWy2k3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd+8EDkhP9MoVr+rN4C4TPycVyFHvlb+6/ZimAqWhnGjd8b3EBBlRhlGOk1I31ZgQOiID7FgqiUAdZLN7J+6JVfpuFCtb0rgz9fdERoTWYxHaTkHMUC96U/E/r5Oa6CrImExSg5LOF0Upd03sTp93+0whNXxsCaGK2VtdOiSKUGMjKtkQ/MWXl0nzrOpfVL3780rtOo+jCEdwDKfgwyXU4Bbq0AAKHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8A5N2P4A==</latexit>

⌦m
<latexit sha1_base64="KG76e9LZc6CcaNlpMKMKn1RfVB0=">AAACCnicbVA9SwNBEN3zM8avU0ub1SBYhTsRtQxaaGcE8wG5EOY2k2TJ7t25uxcIIbWNf8XGQhFbf4Gd/8bNR6GJDwYe780wMy9MBNfG876dhcWl5ZXVzFp2fWNza9vd2S3rOFUMSywWsaqGoFHwCEuGG4HVRCHIUGAl7F6N/EoPleZxdG/6CdYltCPe4gyMlRruQcCl3YOaBtcgJdAAH1Leo8GtxDY0JO003JyX98ag88SfkhyZothwv4JmzFKJkWECtK75XmLqA1CGM4HDbJBqTIB1oY01SyOQqOuD8StDemSVJm3FylZk6Fj9PTEAqXVfhrZTgunoWW8k/ufVUtO6qA94lKQGIzZZ1EoFNTEd5UKbXCEzom8JMMXtrZR1QAEzNr2sDcGffXmelE/y/lneuzvNFS6ncWTIPjkkx8Qn56RAbkiRlAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AFX+mgc=</latexit>

=) � ⌘ ⌦mh changes
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     changes the small-scale 
amplitude at fixed 

<latexit sha1_base64="Y1dCuCXRR2VyCQqyGtssqebWRQ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh3rf7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+q6t5fVmq3eRxFOIFTOAcPrqEGdWhAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDCo410</latexit>

H0Fixed 
<latexit sha1_base64="7plMeGjdpYBFry/3Hl7oaMsgei0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO7pXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRde/PK7WbPI4iHMExnIIHl1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gAdlI2w</latexit>

As
<latexit sha1_base64="7plMeGjdpYBFry/3Hl7oaMsgei0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO7pXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRde/PK7WbPI4iHMExnIIHl1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gAdlI2w</latexit>

As

Fixing the small-scale amplitude 
leaves only subtle changes to the 
shape - not well measured by 
current surveys! 
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Parameter sensitivity of the 1-halo term

H0 changes the linear shape at 
fixed amplitude, but further 
suppression in the 1-halo term

<latexit sha1_base64="VcsEw3ucnWZq4YaT8WVsCEXrArU="></latexit>

�2(k/h) ⇠ �↵
8⌦

�
mh�
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<latexit sha1_base64="QhM1kSZDbmJ06AilKakEdCtHkH4="></latexit>

lim
k!0

�2
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2⇡2
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⇢̄2

Z 1

0
M2n(M)dM

AH 2021



Parameter sensitivity of the 1-halo term

H0 changes the linear shape at 
fixed amplitude, but further 
suppression in the 1-halo term

<latexit sha1_base64="nkuyNpvZHqT3ze34nm/IPxjHsMA="></latexit>

lim
k!0

�2
1H(k) / (k/h)3�4.3

8

Most of the contribution to the 1-
halo amplitude at z=0 comes from 
Lagrangian scales around 8 Mpc/h.

<latexit sha1_base64="VcsEw3ucnWZq4YaT8WVsCEXrArU="></latexit>
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8⌦

�
mh�
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<latexit sha1_base64="QhM1kSZDbmJ06AilKakEdCtHkH4="></latexit>

lim
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0
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<latexit sha1_base64="wyPN0/Ox1pM7sKlyh/eEnA8ZwEw="></latexit>

C
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="nkuyNpvZHqT3ze34nm/IPxjHsMA="></latexit>

lim
k!0

�2
1H(k) / (k/h)3�4.3

8

<latexit sha1_base64="RJYVapYGHkdekiIvkz+HPGiynPI="></latexit>

=) C��
` / ⌦2

m�4.3
8

<latexit sha1_base64="GzjjnROONfa0Kyrx/5ilBpYy4vU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mVoj0WvXisaD+gu5Zsmm1Dk+ySZIWy9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO09UaRbLBzNJaCDwULKIEWys5PuaCXTfrz9mtWm/XHGr7hxolXg5qUCOZr/85Q9ikgoqDeFY657nJibIsDKMcDot+ammCSZjPKQ9SyUWVAfZ/OYpOrPKAEWxsiUNmqu/JzIstJ6I0HYKbEZ62ZuJ/3m91ET1IGMySQ2VZLEoSjkyMZoFgAZMUWL4xBJMFLO3IjLCChNjYyrZELzll1dJ+6LqXVbdu1qlcZ3HUYQTOIVz8OAKGnALTWgBgQSe4RXenNR5cd6dj0VrwclnjuEPnM8fRnGRMA==</latexit>

⇠ S4
8

On quasi-linear and1-halo 
scales, h-dependence drops out 
completely and dependence is 
entirely on S8

(Not perfect due to baryon smoothing, finite-redshift effects, 1-halo shape effects, etc.)
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="8LkOB0hvLUID1oGVqkbZoNP31Ng=">AAACHHicbVDLSgMxFM3Ud31VXboJFsFVmVHRLotu3Klgq9CZDnfS22loMjMkGaEUP8SNv+LGhSJuXAj+jWk7C18HEg7nnEtyT5QJro3rfjqlmdm5+YXFpfLyyuraemVjs6XTXDFsslSk6iYCjYIn2DTcCLzJFIKMBF5Hg9Oxf32LSvM0uTLDDAMJccJ7nIGxUlg5OA19FIL6msvxFUsI6x0fRNYH6p9LjCGUHT9CA7Tf8WOQNlCpujV3AvqXeAWpkgIXYeXd76Ysl5gYJkDrtudmJhiBMpwJvCv7ucYM2ABibFuagEQdjCbL3dFdq3RpL1X2JIZO1O8TI5BaD2VkkxJMX//2xuJ/Xjs3vXow4kmWG0zY9KFeLqhJ6bgp2uUKmRFDS4Apbv9KWR8UMGP7LNsSvN8r/yWt/Zp3VHMvD6uNk6KORbJNdsge8cgxaZAzckGahJF78kieyYvz4Dw5r87bNFpyipkt8gPOxxcNzKFe</latexit>

C` ⇠ �↵
8⌦

�
mh� AH 2021
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="8LkOB0hvLUID1oGVqkbZoNP31Ng=">AAACHHicbVDLSgMxFM3Ud31VXboJFsFVmVHRLotu3Klgq9CZDnfS22loMjMkGaEUP8SNv+LGhSJuXAj+jWk7C18HEg7nnEtyT5QJro3rfjqlmdm5+YXFpfLyyuraemVjs6XTXDFsslSk6iYCjYIn2DTcCLzJFIKMBF5Hg9Oxf32LSvM0uTLDDAMJccJ7nIGxUlg5OA19FIL6msvxFUsI6x0fRNYH6p9LjCGUHT9CA7Tf8WOQNlCpujV3AvqXeAWpkgIXYeXd76Ysl5gYJkDrtudmJhiBMpwJvCv7ucYM2ABibFuagEQdjCbL3dFdq3RpL1X2JIZO1O8TI5BaD2VkkxJMX//2xuJ/Xjs3vXow4kmWG0zY9KFeLqhJ6bgp2uUKmRFDS4Apbv9KWR8UMGP7LNsSvN8r/yWt/Zp3VHMvD6uNk6KORbJNdsge8cgxaZAzckGahJF78kieyYvz4Dw5r87bNFpyipkt8gPOxxcNzKFe</latexit>

C` ⇠ �↵
8⌦

�
mh�

Most of the S/N in current 
surveys comes from here

AH 2021
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="8LkOB0hvLUID1oGVqkbZoNP31Ng=">AAACHHicbVDLSgMxFM3Ud31VXboJFsFVmVHRLotu3Klgq9CZDnfS22loMjMkGaEUP8SNv+LGhSJuXAj+jWk7C18HEg7nnEtyT5QJro3rfjqlmdm5+YXFpfLyyuraemVjs6XTXDFsslSk6iYCjYIn2DTcCLzJFIKMBF5Hg9Oxf32LSvM0uTLDDAMJccJ7nIGxUlg5OA19FIL6msvxFUsI6x0fRNYH6p9LjCGUHT9CA7Tf8WOQNlCpujV3AvqXeAWpkgIXYeXd76Ysl5gYJkDrtudmJhiBMpwJvCv7ucYM2ABibFuagEQdjCbL3dFdq3RpL1X2JIZO1O8TI5BaD2VkkxJMX//2xuJ/Xjs3vXow4kmWG0zY9KFeLqhJ6bgp2uUKmRFDS4Apbv9KWR8UMGP7LNsSvN8r/yWt/Zp3VHMvD6uNk6KORbJNdsge8cgxaZAzckGahJF78kieyYvz4Dw5r87bNFpyipkt8gPOxxcNzKFe</latexit>

C` ⇠ �↵
8⌦

�
mh�

Most of the S/N in current 
surveys comes from here

Contaminated by baryon 
feedback!

AH 2021
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Why is cosmic shear sensitive to S8 and 
insensitive to H0?

<latexit sha1_base64="8LkOB0hvLUID1oGVqkbZoNP31Ng=">AAACHHicbVDLSgMxFM3Ud31VXboJFsFVmVHRLotu3Klgq9CZDnfS22loMjMkGaEUP8SNv+LGhSJuXAj+jWk7C18HEg7nnEtyT5QJro3rfjqlmdm5+YXFpfLyyuraemVjs6XTXDFsslSk6iYCjYIn2DTcCLzJFIKMBF5Hg9Oxf32LSvM0uTLDDAMJccJ7nIGxUlg5OA19FIL6msvxFUsI6x0fRNYH6p9LjCGUHT9CA7Tf8WOQNlCpujV3AvqXeAWpkgIXYeXd76Ysl5gYJkDrtudmJhiBMpwJvCv7ucYM2ABibFuagEQdjCbL3dFdq3RpL1X2JIZO1O8TI5BaD2VkkxJMX//2xuJ/Xjs3vXow4kmWG0zY9KFeLqhJ6bgp2uUKmRFDS4Apbv9KWR8UMGP7LNsSvN8r/yWt/Zp3VHMvD6uNk6KORbJNdsge8cgxaZAzckGahJF78kieyYvz4Dw5r87bNFpyipkt8gPOxxcNzKFe</latexit>

C` ⇠ �↵
8⌦

�
mh�

Most of the S/N in current 
surveys comes from here

Contaminated by baryon 
feedback!

Future wide surveys: break 
degeneracies!

AH 2021
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What about combining with other probes?

Galaxy lensing adds 
basically nothing to H0 
from CMB lensing + 
BAO.

Do get separate       
and     constraints.

<latexit sha1_base64="r78npYi9bfbQCwQwhyc2rrH7dJs="></latexit>

H0 = 67.4± 0.9 kms�1Mpc�1BAO + BBN + WL:

<latexit sha1_base64="9MWFOL+4DCfyMIkmxyXPtejNer8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxZsV7Ae0oWy2k3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd+8EDkhP9MoVr+rN4C4TPycVyFHvlb+6/ZimAqWhnGjd8b3EBBlRhlGOk1I31ZgQOiID7FgqiUAdZLN7J+6JVfpuFCtb0rgz9fdERoTWYxHaTkHMUC96U/E/r5Oa6CrImExSg5LOF0Upd03sTp93+0whNXxsCaGK2VtdOiSKUGMjKtkQ/MWXl0nzrOpfVL3780rtOo+jCEdwDKfgwyXU4Bbq0AAKHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8A5N2P4A==</latexit>

⌦m
<latexit sha1_base64="BdP4EC1MHCEt4PSs1CLjz6ODoGY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1eoYNBe7X+uWKX/XnQKskyEkFcjT65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVUYkFNmM3vnaIzpwxQrLQradFc/T2RYWHMRESuU2A7MsveTPzP66Y2roUZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo5EIIll9eJa2LanBV9e8vK/WbPI4inMApnEMA11CHO2hAEwhweIZXePMevRfv3ftYtBa8fOYY/sD7/AHSB4/T</latexit>�8
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What about combining with other probes?

Galaxy lensing adds 
basically nothing to H0 
from CMB lensing + 
BAO.

Do get separate       
and     constraints.

BAO + BBN + WL:

<latexit sha1_base64="9MWFOL+4DCfyMIkmxyXPtejNer8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxZsV7Ae0oWy2k3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd+8EDkhP9MoVr+rN4C4TPycVyFHvlb+6/ZimAqWhnGjd8b3EBBlRhlGOk1I31ZgQOiID7FgqiUAdZLN7J+6JVfpuFCtb0rgz9fdERoTWYxHaTkHMUC96U/E/r5Oa6CrImExSg5LOF0Upd03sTp93+0whNXxsCaGK2VtdOiSKUGMjKtkQ/MWXl0nzrOpfVL3780rtOo+jCEdwDKfgwyXU4Bbq0AAKHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8A5N2P4A==</latexit>

⌦m
<latexit sha1_base64="BdP4EC1MHCEt4PSs1CLjz6ODoGY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1eoYNBe7X+uWKX/XnQKskyEkFcjT65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVUYkFNmM3vnaIzpwxQrLQradFc/T2RYWHMRESuU2A7MsveTPzP66Y2roUZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo5EIIll9eJa2LanBV9e8vK/WbPI4inMApnEMA11CHO2hAEwhweIZXePMevRfv3ftYtBa8fOYY/sD7/AHSB4/T</latexit>�8

<latexit sha1_base64="xG7R4rnr1NBP9j0ozeTNEeWrvUA="></latexit>

H0 = 70.0± 6.5 kms�1Mpc�1

33



Conclusions arXiv: 2104.12880 (AH 2021)

34

• Current lensing surveys alone do not provide useful constraints on 
H0.

• Have shown why current lensing data constrain S8 well and H0 
poorly, using analytic arguments based on the halo model.

• Cleanest probe is the matter-radiation equality scale seen in 
projection, followed by subtle effects on the shape of the spectrum: 
partially degenerate with baryon feedback.

• Galaxy lensing adds nothing to the Planck WL + BAO + BBN 
constraint on H0.



Conclusions arXiv: 2104.12880 (AH 2021)
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See the paper for the most complete description of where ΛCDM 
parameter information comes from in lensing, and why cosmic 
shear constrains the parameters that it does.


