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WHO AM I?
Post-doc at the Institute for Astronomy, University of 
Edinburgh. 
Recent work:  

• Weak lensing and galaxy clustering analysis 
techniques 

• Gravitational wave source populations, primordial 
black holes 

Less recent work: 
• 21cm intensity mapping, CMB lensing, relativistic 

effects in cosmology, non-linear modelling, …

Member of ESA Euclid Consortium: 

• Co-lead of Weak Lensing Estimators Work Package 
and Pre-Launch Key Project 

• Euclid UK Coordination Group



OUTLINE OF THIS TALK
•CURRENT STATE OF COSMIC SHEAR COSMOLOGY 

•WHAT DOES WEAK LENSING TELL US ABOUT THE UNIVERSE? 

•WHAT DOES WEAK LENSING NOT TELL US ABOUT THE 
UNIVERSE? 

•WHAT CAN WEAK LENSING TELL US ABOUT THE HUBBLE 
CONSTANT? 



HSC Collaboration, Hamana et al. 2019
(Erratum 2022)

KiDS Collaboration, Asgari et al. 2020

DES Collaboration, Amon et al. 2021

LATEST RESULTS 
FROM COSMIC SHEAR
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COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING

Constrain well the 
combination

Poor constraints on 
almost every other 
parameter combination
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COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING

Galaxy weak lensing

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

Do we understand this?

CMB lensing

Constrain well two of the combinations
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Small-scale amplitude

Peak in the matter power 
spectrum (in projection)
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We understand this!



WHY IS IT IMPORTANT TO UNDERSTAND WHERE PARAMETER 
INFORMATION COMES FROM?

1) A sanity check on parameter posteriors

?

DES Collaboration, Amon et al. 2021



WHY IS IT IMPORTANT TO UNDERSTAND WHERE PARAMETER 
INFORMATION COMES FROM?

2) Lambda-CDM may need modifying

Di Valentino et al. 2021, Amon et al. 2021
Cuceu et al. 2019



QUESTIONS

1) Where does parameter information 
come from in weak lensing? Why are some 
parameter combinations constrained well 
and some not so well?

2) Tensions: Why does weak lensing tell us 
about S8 and not H0?



COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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Gravitational potential gradients cause deflection. 
Gradients in the deflection cause shear.



COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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Gravitational potential gradients cause deflection. 
Gradients in the deflection cause shear.

Shear distortions are the net effect of many small 
deflections along the photon path



COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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spectrum with k in h/Mpc units

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



COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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Usual hand-wavy argument:
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COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING
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More precise: Jain & Seljak 1997
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<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)

See also: Kaiser 1992,  Villumsen 1996, 
Bernardeau, van Waerbeke, Mellier 1997



PARAMETER SENSITIVITY IN THE HALO MODEL

AH 2021

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

lim
k!0

�2
1H(k) =

(k/h)3

2⇡2

h3

⇢̄2

Z 1

0
M2n(M)dM

<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>

�2(k/h) ⇠ �↵
8⌦

�
mh�



COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING

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

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆

<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.) 



AH 2021

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

C` ⇠ �↵
8⌦

�
mh�

COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING



AH 2021

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

C` ⇠ �↵
8⌦

�
mh�

COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING

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



AH 2021

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

C` ⇠ �↵
8⌦

�
mh�

COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING

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

Contaminated by baryon 
feedback!



AH 2021
<latexit sha1_base64="8LkOB0hvLUID1oGVqkbZoNP31Ng=">AAACHHicbVDLSgMxFM3Ud31VXboJFsFVmVHRLotu3Klgq9CZDnfS22loMjMkGaEUP8SNv+LGhSJuXAj+jWk7C18HEg7nnEtyT5QJro3rfjqlmdm5+YXFpfLyyuraemVjs6XTXDFsslSk6iYCjYIn2DTcCLzJFIKMBF5Hg9Oxf32LSvM0uTLDDAMJccJ7nIGxUlg5OA19FIL6msvxFUsI6x0fRNYH6p9LjCGUHT9CA7Tf8WOQNlCpujV3AvqXeAWpkgIXYeXd76Ysl5gYJkDrtudmJhiBMpwJvCv7ucYM2ABibFuagEQdjCbL3dFdq3RpL1X2JIZO1O8TI5BaD2VkkxJMX//2xuJ/Xjs3vXow4kmWG0zY9KFeLqhJ6bgp2uUKmRFDS4Apbv9KWR8UMGP7LNsSvN8r/yWt/Zp3VHMvD6uNk6KORbJNdsge8cgxaZAzckGahJF78kieyYvz4Dw5r87bNFpyipkt8gPOxxcNzKFe</latexit>

C` ⇠ �↵
8⌦

�
mh�

COSMOLOGICAL INFORMATION CONTENT OF WEAK LENSING

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

Contaminated by baryon 
feedback!

Future wide surveys: break 
degeneracies! (Known for at 
least ~ 20 years)



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

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆
WHY SO INSENSITIVE TO H0?

Fixing         to keep the lensing pre-factors fixed
<latexit sha1_base64="KG76e9LZc6CcaNlpMKMKn1RfVB0=">AAACCnicbVA9SwNBEN3zM8avU0ub1SBYhTsRtQxaaGcE8wG5EOY2k2TJ7t25uxcIIbWNf8XGQhFbf4Gd/8bNR6GJDwYe780wMy9MBNfG876dhcWl5ZXVzFp2fWNza9vd2S3rOFUMSywWsaqGoFHwCEuGG4HVRCHIUGAl7F6N/EoPleZxdG/6CdYltCPe4gyMlRruQcCl3YOaBtcgJdAAH1Leo8GtxDY0JO003JyX98ag88SfkhyZothwv4JmzFKJkWECtK75XmLqA1CGM4HDbJBqTIB1oY01SyOQqOuD8StDemSVJm3FylZk6Fj9PTEAqXVfhrZTgunoWW8k/ufVUtO6qA94lKQGIzZZ1EoFNTEd5UKbXCEzom8JMMXtrZR1QAEzNr2sDcGffXmelE/y/lneuzvNFS6ncWTIPjkkx8Qn56RAbkiRlAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AFX+mgc=</latexit>

=) � ⌘ ⌦mh changes

10�4 10�3 10�2 10�1 100

k/h [Mpc]

102

103

104

P
(k

)[
h

�
3 M

p
c3 ]

� = 1.2�⇤

� = �⇤

� = 0.8�⇤

<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

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



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

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆
WHY SO INSENSITIVE TO H0?

Fixing         to keep the lensing pre-factors fixed
<latexit sha1_base64="KG76e9LZc6CcaNlpMKMKn1RfVB0=">AAACCnicbVA9SwNBEN3zM8avU0ub1SBYhTsRtQxaaGcE8wG5EOY2k2TJ7t25uxcIIbWNf8XGQhFbf4Gd/8bNR6GJDwYe780wMy9MBNfG876dhcWl5ZXVzFp2fWNza9vd2S3rOFUMSywWsaqGoFHwCEuGG4HVRCHIUGAl7F6N/EoPleZxdG/6CdYltCPe4gyMlRruQcCl3YOaBtcgJdAAH1Leo8GtxDY0JO003JyX98ag88SfkhyZothwv4JmzFKJkWECtK75XmLqA1CGM4HDbJBqTIB1oY01SyOQqOuD8StDemSVJm3FylZk6Fj9PTEAqXVfhrZTgunoWW8k/ufVUtO6qA94lKQGIzZZ1EoFNTEd5UKbXCEzom8JMMXtrZR1QAEzNr2sDcGffXmelE/y/lneuzvNFS6ncWTIPjkkx8Qn56RAbkiRlAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AFX+mgc=</latexit>

=) � ⌘ ⌦mh changes

10�4 10�3 10�2 10�1 100

k/h [Mpc]

102

103

104

P
(k

)[
h

�
3 M

p
c3 ]

� = 1.2�⇤

� = �⇤

� = 0.8�⇤

<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

     changes the small-scale 
amplitude at fixed 

<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

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

H0



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

C
��
` ⇠ `

�3⌦2
m

Z zmax

0
dz F (z)�2

✓
k/H0 =

`

z
; z

◆
WHY SO INSENSITIVE TO H0?

Fixing         to keep the lensing pre-factors fixed
<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 

Fixing the small-scale amplitude 
leaves only subtle changes to the 
shape - not well measured by 
current surveys! 

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

H0
<latexit sha1_base64="7plMeGjdpYBFry/3Hl7oaMsgei0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO7pXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRde/PK7WbPI4iHMExnIIHl1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gAdlI2w</latexit>

As



H0 INFORMATION IN KV450

Fixed      and 
<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 Fixed      and 

<latexit sha1_base64="lC91oXGGz1fgpR6vNoGzJG1GNfk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4xyCOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzTRGP6QjyYecUWOlRqNf7RdLbtldgKwTLyMlyFDvF796g4glIUrDBNW667mx8VOqDGcCZ4VeojGmbEJH2LVU0hC1ny5OnZELqwzIMFK2pCEL9fdESkOtp2FgO0NqxnrVm4v/ed3EDKt+ymWcGJRsuWiYCGIiMv+bDLhCZsTUEsoUt7cSNqaKMmPTKdgQvNWX10nrquxdlysPlVLtNosjD2dwDpfgwQ3U4B7q0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz/gzY2L</latexit>

S8

<latexit sha1_base64="LGYu3j09ezgGiuSBEG0VPV9Y/+I=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyWoh6LXrxZwX5Ady3ZdLYNTbJLkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nikKLxjxW3ZBo4ExCyzDDoZsoICLk0AnHNzO/8wRKs1g+mEkCgSBDySJGibGS798JGJK+wKPHWr9ccavuHHiVeDmpoBzNfvnLH8Q0FSAN5UTrnucmJsiIMoxymJb8VENC6JgMoWepJAJ0kM1vnuIzqwxwFCtb0uC5+nsiI0LriQhtpyBmpJe9mfif10tNdBVkTCapAUkXi6KUYxPjWQB4wBRQwyeWEKqYvRXTEVGEGhtTyYbgLb+8Stq1qndRrd/XK43rPI4iOkGn6Bx56BI10C1qohaiKEHP6BW9Oanz4rw7H4vWgpPPHKM/cD5/ADBYkSQ=</latexit>

⌦mh2



WHAT *CAN* WEAK LENSING TELL US ABOUT H0?

AH 2021

Combined weak 
lensing probes give 
us        

<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

Combine with 
BAO+BBN, which give 
contours in the 
      -       plane.

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

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

CMB-independent 
probe of H0 
Addison+ 2013, 
Auborg+ 2015 (DES)



AH 2021

WHAT *CAN* WEAK LENSING TELL US ABOUT H0?

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

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

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

Do get separate       
and     constraints.

<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



AH 2021

WHAT *CAN* WEAK LENSING TELL US ABOUT H0?

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

Do get separate       
and     constraints.

<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

BAO + BBN + WL:
<latexit sha1_base64="xG7R4rnr1NBP9j0ozeTNEeWrvUA="></latexit>

H0 = 70.0± 6.5 kms�1Mpc�1



S8 and nothing else - same 
story in ~10 years time?



NEAR-FUTURE WEAK 
LENSING SURVEYS

Vera C. Rubin Observatory: 

The Legacy Survey of Space 
and Time (LSST) 

8.4m M1 

18,000 sq deg: WL, GC, 3x2pt 

n_eff ≈ 30 galaxies per sq 
arcmin.



EUCLID
1.2m primary 
mirror made 
from silicon 
carbide.

Two instruments: 
Visible light 
camera (VIS) and 
Near-Infrared 
camera (NISP).

Image credit: ESA

Launch date: 2023



EUCLID-LIKE FORECAST FOR LCDM

AH 2021



AH 2021

EUCLID-LIKE FORECAST ON H0



AH 2021

EUCLID-LIKE FORECAST ON H0
For 1% H0 from lensing 
need at least: 

• to know ns to current 
(Planck) precision 

• assume BBN 

•Use all modes out to 
lmax=5000

H0 information coming from broadband shape of 
the power spectrum - many degeneracies!



•Current lensing surveys alone give good constraint 
on S8 but weak/no constraint on H0.

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

•Cleanest probe of H0 is the matter-radiation equality 
scale seen in projection, followed by subtle effects on 
the shape of the spectrum: partially degenerate with 
baryon feedback. Looks like Euclid will have a tough 
job of getting <1% H0 from lensing alone!

CONCLUSIONS

arXiv:2104.12880



IF YOU ENJOYED THIS, YOU MAY ALSO LIKE…

arXiv:2202.04095

Theory + simulations paper: 

• Derive the leading-order correction to the power 
spectrum likelihood from non-Gaussianity (non-
linearity) in the shear field. 

• Provide (first?) rigorous justification for the use of a 
Gaussian likelihood for power spectra in wide cosmic 
shear surveys (or 3x2pt).


