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To interpret properly this information, we need to 
understand what we are measuring.
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The distribution of galaxies is sensitive to:

the initial conditions

the theory of gravity

the content of the universe

The large-scale structure 
contains valuable information
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How is   related to: the initial conditions, the theory of 
gravity and dark energy?
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We count the number of galaxies per pixel: � =
N � N̄

N̄
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Galaxy distribution

Simple picture: dark matter is not homogeneously distributed
it creates gravitational potential wells
baryons fall into them and form galaxies

More dark matter Less dark matter

� =
�⇢

⇢̄
⌘ � ⇢ dark matter energy density
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Complications

We never observe directly the position of galaxies, we 
observe the redshift  and the direction of incoming 
photons   .

Bias: the distribution of galaxies does not trace directly 
the distribution of  dark matter � = b · �

Observer

(x1, x2, x3)

r(z)

z

n

n

we calculate the distance      

In a homogeneous universe:  

r(z)

light propagates on straight lines
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Distortions: radial

The trajectory of the photons emitted by the galaxies is 
distorted by the structures along the way. 

Observer

More dark matter Less dark matter

Redshift distortions

Distortions in our coordinates: example Doppler effect.
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The trajectory of the photons emitted by the galaxies is 
distorted by the structures along the way. 

Less dark matter

Distortions in our coordinates: example lensing effect.

Observer

More dark matter

Lensing distortions

Distortions: transverse
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The structures seen on a galaxy map do not reflect 
directly the underlying dark matter structures. The observed 
position of galaxies are shifted radially and transversally.

Galaxy distribution
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To extract information from a galaxy map, we need to 
understand exactly which distortions there are.
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The relativistic effects contains additional information

9

Outline
Expression for     encoding all distortions at linear order�

� = density redshift distortions
lensing relativistic effects

+

++

We can use them to test for deviations from General 
Relativity in a model-independent way

Anisotropic stress

Euler equation
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Calculation of the distortions

Galaxy

Observer

nµ We calculate the propagation of photons, i.e. 
the null geodesics and infer :

the change in energy

the change in direction

ds2 = �a2
h�
1 + 2⇥

�
d⇥2 +

�
1� 2�

�
�ijdx

idxj
i

Perturbed Friedmann universe:
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(z,n)
distortions in
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What we really observe

Yoo et al (2010)

CB and Durrer (2011)

Challinor and Lewis (2011)�(z,n) = b · � �
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What we really observe

Yoo et al (2010)

CB and Durrer (2011)
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Ḣ

H2
+

2� 5s

rH
+ 5s

!
 +

Z r

0
dr0(�̇+  ̇)

�

<latexit sha1_base64="ivMF5xmQd6BLWIz1M2RgZmzxM+w="></latexit>

Velocities
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What we really observe
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Ḣ

H2
+

2� 5s

rH
+ 5s

!
 +

Z r

0
dr0(�̇+  ̇)

�

<latexit sha1_base64="+KeMnoefvIckT4T6M06YUIEn8AM="></latexit>

Lensing

Velocities
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What we really observe

Yoo et al (2010)

CB and Durrer (2011)

Challinor and Lewis (2011)

Lensing

Velocities�(z,n) = b · � �
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Potentials
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Distortions
Velocities Change in the bin size:


Redshift distortions
Change in the bin position:

Doppler effect

Change in the solid angleLensing

Potentials Local terms: 

e.g. gravitational redshift

Integrated terms: e.g. 
Shapiro time-delay and 
Integrated Sachs-Wolfe

Observer Observer

Observer

Observer Observer

Kaiser (1987), Lilje 
& Efstathiou (1989), 
Hamilton (1992)

Gunn (1967), Schneider 
(1989) , Broadhurst , 
Taylor & Peacock (1995)

z z

Yoo et al (2010)

CB and Durrer (2011)

Challinor and Lewis (2011)

Change in the flux

Observer magnified
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What we really observe

Yoo et al (2010)

CB and Durrer (2011)

Challinor and Lewis (2011)

Lensing
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Potentials
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What we really observe
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current standard 
analyses

redshift-space distortions
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What we really observe

Yoo et al (2010)
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current standard 
analyses

lensing: measured with quasars

and relevant for future surveys

redshift-space distortions
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What we really observe
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current standard 
analyses

relativistic effects

lensing: measured with quasars

and relevant for future surveys

redshift-space distortions
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What we really observe

�(z,n) = b · � �
1

H
@r(V · n)

+ (5s� 2)

Z r

0
dr0

r � r0

2rr0
�⌦(�+ )

+

 
1� 5s�

Ḣ
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current standard 
analyses

relativistic effects

Can we measure them with upcoming surveys?

Do they bring new information compared to 
redshift-space distortions and lensing?

Relativistic effects: 
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We have 4 variables but only 3 measurements

and    measured through redshift-space distortions      

21

Measured quantities

�+ 
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measured with quasars or with cosmic shear     

In General Relativity we know the relations between 
these quantities. In general we want to test them.
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continuity 

anisotropic stress 

EulerPoisson
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and    measured through redshift-space distortions      

�+ 
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measured with quasars or with cosmic shear     

We have 4 variables but only 3 measurements
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Measured quantities
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continuity 

anisotropic stress 

EulerPoisson

We cannot test four relations with only three 
independent measurements
Current method: assume the validity of Euler 
and continuity equation and test other relations
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We have 4 variables but only 3 measurements
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Measured quantities
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continuity 

anisotropic stress 

Poisson

Relativistic effects provide a measurement of

the potential  
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We can test all relations without assumptions

Euler

and    measured through redshift-space distortions      
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measured with quasars or with cosmic shear     
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gravitational 
redshift

relativistic effects

redshift-space distortions

lensing
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Correlation function
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Redshift-space distortions break the isotropy of   .
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Longitudinal change
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Kaiser (1987)

Hamilton (1992)Redshift-space distortions
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Changes the redshift 
separation but not the 
angular separation.
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Redshift-space distortions break the isotropy of   .
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Redshift-space distortions break the isotropy of   .
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Kaiser (1987)

Hamilton (1992)Redshift-space distortions
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Redshift-space distortions break the isotropy of   .
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Kaiser (1987)

Hamilton (1992)Redshift-space distortions
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Changes the redshift 
separation but not the 
angular separation.
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Redshift-space distortions break the isotropy of   .
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Hamilton (1992)Redshift-space distortions
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separation but not the 
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Relativistic effects

Relativistic effects break the symmetry of
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Relativistic effects

Relativistic effects break the symmetry of
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Breaking of symmetry from gravitational redshift
CB, Hui & Gaztanaga (2014)

shift in position due to gravitational redshift
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<latexit sha1_base64="YvIoDEG6H499/XCYZshXSTCfsb0="></latexit>
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The number count at linear order
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<latexit sha1_base64="uNHlM3ckRDZqQXK3WB71V5t+Eh0="></latexit>
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Breaking of symmetry from gravitational redshift
CB, Hui & Gaztanaga (2014)

shift in position due to gravitational redshift
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<latexit sha1_base64="YvIoDEG6H499/XCYZshXSTCfsb0="></latexit>
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Breaking of symmetry from gravitational redshift
CB, Hui & Gaztanaga (2014)

⇠ =
H

H0

✓
D1

D10

◆2 h
(bB � bF)

 
2

rH
+

Ḣ
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<latexit sha1_base64="YvIoDEG6H499/XCYZshXSTCfsb0="></latexit>

X
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�B
i �

F
j cos�ij

<latexit sha1_base64="dzwfgrsmvcCJ/j4WN+vnyZPj050=">AAACIHicbVDLSgMxFM34rPVVdekmWARXZcYHdVmqiMsK9gGdOmTS2zZtMjMkGaEM/RQ3/oobF4roTr/GtB1BWw8Ezj3nXm7u8SPOlLbtT2thcWl5ZTWzll3f2Nzazu3s1lQYSwpVGvJQNnyigLMAqpppDo1IAhE+h7o/uBj79XuQioXBrR5G0BKkG7AOo0QbycsVXRULL2H9kXsJXBOP3SWuFLj8U/en9dXIpaFyfTDSuNvL5e2CPQGeJ05K8ihFxct9uO2QxgICTTlRqunYkW4lRGpGOYyybqwgInRAutA0NCACVCuZHDjCh0Zp404ozQs0nqi/JxIilBoK33QKontq1huL/3nNWHfOWwkLolhDQKeLOjHHOsTjtHCbSaCaDw0hVDLzV0x7RBKqTaZZE4Ize/I8qR0XnJPC2c1pvlRO48igfXSAjpCDiqiErlEFVRFFD+gJvaBX69F6tt6s92nrgpXO7KE/sL6+AZtcpH0=</latexit>
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Forecasts

DESI Bright Sample (2021): 10 million galaxies at 


Cumulative signal-to-noise of 7.4
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CB, Hui & Gaztanaga, (2015)

z  0.3
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Signal-to-noise of 46 for SKA2 (2030)
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Theories that break the equivalence principle violate Euler 
equation: the way objects fall into a gravitational potential is 
modified

41

Euler equation

V̇ +HV + @r = 0

<latexit sha1_base64="mHipJ3tYTYgc0GYxOza1nIsspcY=">AAACDnicbVDLSsNAFJ34rPUVdelmsBQEoSRS0Y1QdNNlBfuAJoTJdNIOnTyYuRFK6Be48VfcuFDErWt3/o2TNgttPTBw7rmPuff4ieAKLOvbWFldW9/YLG2Vt3d29/bNg8OOilNJWZvGIpY9nygmeMTawEGwXiIZCX3Buv74Ns93H5hUPI7uYZIwNyTDiAecEtCSZ1adQQy4c+aEBEaUiKw51UFCJHAiPImdluLXlmdWrJo1A14mdkEqqEDLM7/0XJqGLAIqiFJ920rAzfKxVLBp2UkVSwgdkyHraxqRkCk3m50zxVWtDHAQS/0iwDP1d0dGQqUmoa8r863VYi4X/8v1Uwiu3IxHSQosovOPglRgiHHuDR5wySiIiSaESq53xXREJKGgHSxrE+zFk5dJ57xm12sXd/VK46awo4SO0Qk6RTa6RA3URC3URhQ9omf0it6MJ+PFeDc+5qUrRtFzhP7A+PwBLTWbjw==</latexit>

V̇ +HV + @r = Ebreak

<latexit sha1_base64="jMX0IaXuntiPIAIDcOBAD8lj5Vc=">AAACGnicbVBNS8MwGE7n15xfVY9egkMQhNHKwF2EoQg7TnAfsNaSZukWlqYlSYVR+ju8+Fe8eFDEm3jx35huPejmA4Enz/u+efM8fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/cp3Xew9ESBrxOzWNiRuiEacBxUhpyTNtZxgp2D1zQqTGGLG0lelLjISiiHkCOm1JL2/uU0eE0NcPTzLPrFo1awa4TOyCVEGBtmd+6h04CQlXmCEpB7YVKzfNV2BGsoqTSBIjPEEjMtCUo5BIN51Zy+CJVoYwiIQ+XMGZ+nsiRaGU09DXnbkDuVjLxf9qg0QFDTelPE4U4Xi+KEgYVBHMc4JDKghWbKoJwoLqv0I8RgJhpdOs6BDsRcvLpHtes+u1xm292rwq4iiDI3AMToENLkATtEAbdAAGj+AZvII348l4Md6Nj3lryShmDsEfGF8/7ceg1Q==</latexit>

We have strong constraints on baryons and photons but not 
on dark matter

By comparing     with                , we can test Euler equation 

Which deviations from General Relativity can we test?

<latexit sha1_base64="MraM+jpCPP4HGlcH2eQRu0HxPFE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL/abhg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+qfvlwWWvcFnGU4QRO4Rx8uIYG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH/ZejjM=</latexit>

 V ⌘ V · n

<latexit sha1_base64="9cc6CCLIM6c7U+fU5x+jnM4gn10=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIVXRbduKxg00ITymQyaYdOJnFmUighazf+ihsXirj1C9z5N07aCNp6YODMOfdy7z1+wqhUlvVlLC2vrK6tVzaqm1vbO7vm3r4j41Rg0sYxi0XXR5IwyklbUcVINxEERT4jHX90XfidMRGSxvxOTRLiRWjAaUgxUlrqm0eOS+5TOoZuhNTQDzMnd3EQq58vz/tmzapbU8BFYpekBkq0+uanG8Q4jQhXmCEpe7aVKC9DQlHMSF51U0kShEdoQHqachQR6WXTU3J4opUAhrHQjys4VX93ZCiSchL5urLYUM57hfif10tVeOlllCepIhzPBoUpgyqGRS4woIJgxSaaICyo3hXiIRIIK51eVYdgz5+8SJyzut2on982as2rMo4KOATH4BTY4AI0wQ1ogTbA4AE8gRfwajwaz8ab8T4rXTLKngPwB8bHN05um08=</latexit>
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Example

New degrees of freedom propagating gravity: scalar field or 
vector field

We couple this degree of freedom non-minimally to dark matter

Ebreak = �⇥(z)HV � �(z)@r 

<latexit sha1_base64="RkPGmmlPsfSYMSaYdi2MmducQk4="></latexit>

V̇ +HV + @r = Ebreak

<latexit sha1_base64="jMX0IaXuntiPIAIDcOBAD8lj5Vc=">AAACGnicbVBNS8MwGE7n15xfVY9egkMQhNHKwF2EoQg7TnAfsNaSZukWlqYlSYVR+ju8+Fe8eFDEm3jx35huPejmA4Enz/u+efM8fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/cp3Xew9ESBrxOzWNiRuiEacBxUhpyTNtZxgp2D1zQqTGGLG0lelLjISiiHkCOm1JL2/uU0eE0NcPTzLPrFo1awa4TOyCVEGBtmd+6h04CQlXmCEpB7YVKzfNV2BGsoqTSBIjPEEjMtCUo5BIN51Zy+CJVoYwiIQ+XMGZ+nsiRaGU09DXnbkDuVjLxf9qg0QFDTelPE4U4Xi+KEgYVBHMc4JDKghWbKoJwoLqv0I8RgJhpdOs6BDsRcvLpHtes+u1xm292rwq4iiDI3AMToENLkATtEAbdAAGj+AZvII348l4Md6Nj3lryShmDsEfGF8/7ceg1Q==</latexit>

gravitational-like forcefriction

How can we test for a non-zero 
<latexit sha1_base64="EMPIHqe9WhJjJoQYNbtJZe4PvO4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUqS6LIrisYB/QjiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YtrPQ1gOBwzn3cG9OEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3cz81pgqzSL5YCYx9QUeSBYygo2V/NvHtKsECmxkNO0VS27ZnQOtEi8jJchQ7xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4L3UTTGJMRHtCOpRILqv10fvQUnVmlj8JI2ScNmqu/EykWWk9EYCcFNkO97M3E/7xOYsIrP2UyTgyVZLEoTDgyEZo1gPpMUWL4xBJMFLO3IjLEChNjeyrYErzlL6+SZqXsVcuV+4tS7TqrIw8ncArn4MEl1OAO6tAAAk/wDK/w5oydF+fd+ViM5pwscwx/4Hz+AJdzkf4=</latexit>

Ebreak

CB & Fleury (2018)
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Null test of the equivalence principle
We combine the multipoles in such a way that the 
combination vanishes if Euler equation is valid. 

Quadrupole: h�V i

<latexit sha1_base64="JfeDMe4lcP9jRmyrLDrSDO9FH3Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEKrosunFZwT6gCWUyuW2HTiZhZiKU2IW/4saFIm79DXf+jdM0C209cOHMOfcy954g4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfhm5nceQCoWi3s9ScCPyFCwAaNEG6lvH3mciCEHLwSuCW57Mn/27apTc3LgZeIWpIoKNPv2lxfGNI1AaMqJUj3XSbSfEakZ5TCteKmChNAxGULPUEEiUH6W7z/Fp0YJ8SCWpoTGufp7IiORUpMoMJ0R0SO16M3E/7xeqgdXfsZEkmoQdP7RIOVYx3gWBg6ZBKr5xBBCJTO7YjoiklBtIquYENzFk5dJ+7zm1msXd/Vq47qIo4yO0Qk6Qy66RA10i5qohSh6RM/oFb1ZT9aL9W59zFtLVjFziP7A+vwB8GWWDw==</latexit>

hV V i

<latexit sha1_base64="8eNPmPHgiM3+GrRvDU/aWH8dm/o=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJRNFl0Y3LCjYtNKFMppN26GQSZiZiCX0VNy4UceuLuPNtnKZZaOuBgY9z7+XeOWHKmdKO821V1tY3Nreq27Wd3b39A/uw7qkkk4R2SMIT2QuxopwJ2tFMc9pLJcVxyGk3nNzO691HKhVLxIOepjSI8UiwiBGsjTWw6z7HYsQp8pDnywIHdsNpOoXQKrglNKBUe2B/+cOEZDEVmnCsVN91Uh3kWGpGOJ3V/EzRFJMJHtG+QYFjqoK8uH2GTo0zRFEizRMaFe7viRzHSk3j0HTGWI/Vcm1u/lfrZzq6DnIm0kxTQRaLoowjnaB5EGjIJCWaTw1gIpm5FZExlphoE1fNhOAuf3kVvPOme9G8vL9otG7KOKpwDCdwBi5cQQvuoA0dIPAEz/AKb9bMerHerY9Fa8UqZ47gj6zPH0l1k/c=</latexit>

Hexadecapole: hV V i

<latexit sha1_base64="8eNPmPHgiM3+GrRvDU/aWH8dm/o=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJRNFl0Y3LCjYtNKFMppN26GQSZiZiCX0VNy4UceuLuPNtnKZZaOuBgY9z7+XeOWHKmdKO821V1tY3Nreq27Wd3b39A/uw7qkkk4R2SMIT2QuxopwJ2tFMc9pLJcVxyGk3nNzO691HKhVLxIOepjSI8UiwiBGsjTWw6z7HYsQp8pDnywIHdsNpOoXQKrglNKBUe2B/+cOEZDEVmnCsVN91Uh3kWGpGOJ3V/EzRFJMJHtG+QYFjqoK8uH2GTo0zRFEizRMaFe7viRzHSk3j0HTGWI/Vcm1u/lfrZzq6DnIm0kxTQRaLoowjnaB5EGjIJCWaTw1gIpm5FZExlphoE1fNhOAuf3kVvPOme9G8vL9otG7KOKpwDCdwBi5cQQvuoA0dIPAEz/AKb9bMerHerY9Fa8UqZ47gj6zPH0l1k/c=</latexit>

NE = A ⇠BF
1 + C ⇠BB

2 +D ⇠FF2 +G ⇠4

<latexit sha1_base64="YBTGRh7OOm/2hrazFu/yquOrjbQ="></latexit>

V̇ +HV + @r = Ebreak

<latexit sha1_base64="jMX0IaXuntiPIAIDcOBAD8lj5Vc=">AAACGnicbVBNS8MwGE7n15xfVY9egkMQhNHKwF2EoQg7TnAfsNaSZukWlqYlSYVR+ju8+Fe8eFDEm3jx35huPejmA4Enz/u+efM8fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/cp3Xew9ESBrxOzWNiRuiEacBxUhpyTNtZxgp2D1zQqTGGLG0lelLjISiiHkCOm1JL2/uU0eE0NcPTzLPrFo1awa4TOyCVEGBtmd+6h04CQlXmCEpB7YVKzfNV2BGsoqTSBIjPEEjMtCUo5BIN51Zy+CJVoYwiIQ+XMGZ+nsiRaGU09DXnbkDuVjLxf9qg0QFDTelPE4U4Xi+KEgYVBHMc4JDKghWbKoJwoLqv0I8RgJhpdOs6BDsRcvLpHtes+u1xm292rwq4iiDI3AMToENLkATtEAbdAAGj+AZvII348l4Md6Nj3lryShmDsEfGF8/7ceg1Q==</latexit>

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

<latexit sha1_base64="uHDRdx5YURV6Kv4XQOorSCKAHPE=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARWtAyI6IuS0VxWcFeoK1DJs20oZlkSDJCGeYl3Pgqblwo4lZw59uYtrPQ6g+Bj/+ck+T8fsSo0o7zZeUWFpeWV/KrhbX1jc0te3unqUQsMWlgwYRs+0gRRjlpaKoZaUeSoNBnpOWPLib11j2Rigp+q8cR6YVowGlAMdLG8uzDku8lXRnCWnqU0VVa7jYiRZngpcu7qeWbK0dp2bOLTsWZCv4FN4MiyFT37M9uX+A4JFxjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOQo5CoXjLdKoUHxunDQEhzuIZT9+dEgkKlxqFvOkOkh2q+NjH/q3ViHZz3EsqjWBOOZw8FMYNawElEsE8lwZqNDSAsqfkrxEMkEdYmyIIJwZ1f+S80jyvuacW9OSlWa1kcebAH9kEJuOAMVME1qIMGwOABPIEX8Go9Ws/Wm/U+a81Z2cwu+CXr4xsVlZ4p</latexit>

(bB � bF)⌥(Ebreak)

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

CB, Franco & Fleury (2020)

Dipole: h(� + V )V i

<latexit sha1_base64="zk3X5+YmxMubu79WW2d5Cn4n+KA=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEilASKai3ohePFewHNKVsNpN26WYTdjdCCQUv/hUvHhTx6p/w5r9x2+ag1QcDj/dmmJnnJ5wp7ThfVmFpeWV1rbhe2tjc2t6xd/daKk4lhSaNeSw7PlHAmYCmZppDJ5FAIp9D2x9dT/32PUjFYnGnxwn0IjIQLGSUaCP17QOPEzHggCteAFyT09ZJy5MzqW+XnaozA/5L3JyUUY5G3/70gpimEQhNOVGq6zqJ7mVEakY5TEpeqiAhdEQG0DVUkAhUL5v9MMHHRglwGEtTQuOZ+nMiI5FS48g3nRHRQ7XoTcX/vG6qw4texkSSahB0vihMOdYxngaCAyaBaj42hFDJzK2YDokkVJvYSiYEd/Hlv6R1VnVr1cvbWrl+lcdRRIfoCFWQi85RHd2gBmoiih7QE3pBr9aj9Wy9We/z1oKVz+yjX7A+vgHev5cN</latexit>

<latexit sha1_base64="XE9kKSOWtS2MBZDguKFCc9frJjc=">AAACBXicbVBNSwMxFMzWr1q/Vj3qIVgET2VXRD0WvXisYGuhW0o2fW1Ds9kleSuU0osX/4oXD4p49T9489+YbvegrQMhw8wbkjdhIoVBz/t2CkvLK6trxfXSxubW9o67u9cwcao51HksY90MmQEpFNRRoIRmooFFoYT7cHg99e8fQBsRqzscJdCOWF+JnuAMrdRxDwPJVF8CDbogkdkrRtoIdCZ23LJX8TLQReLnpExy1Drul83zNAKFXDJjWr6XYHvMNAouYVIKUgMJ40PWh5alikVg2uNsiwk9tkqX9mJtj0Kaqb8TYxYZM4pCOxkxHJh5byr+57VS7F22x0IlKYLis4d6qaQY02kltCs0cJQjSxjXwv6V8gHTjKMtrmRL8OdXXiSN04p/XvFvz8rVq7yOIjkgR+SE+OSCVMkNqZE64eSRPJNX8uY8OS/Ou/MxGy04eWaf/IHz+QPdN5gs</latexit>

h�V̇ i
<latexit sha1_base64="msf3j1JAY2QLjC7ud4wyNIASvbY=">AAACD3icbVA9SwNBEN2LXzF+nVraLAbFQsKdiFoGbSwjmA/IhTC3mSRL9vaO3T0hhPwDG/+KjYUitrZ2/hs3yRWa+GDg8d7M7swLE8G18bxvJ7e0vLK6ll8vbGxube+4u3s1HaeKYZXFIlaNEDQKLrFquBHYSBRCFAqsh4ObiV9/QKV5LO/NMMFWBD3Ju5yBsVLbPQ4EyJ5AGnRQGAhOaZCAMhxEWwUVzQM1tdtu0St5U9BF4mekSDJU2u5X0IlZGqE0TIDWTd9LTGs0eZoJHBeCVGMCbAA9bFoqIULdGk3vGdMjq3RoN1a2pKFT9ffECCKth1FoOyMwfT3vTcT/vGZquletEZdJalCy2UfdVFAT00k4tMMVMiOGlgBT3O5KWR8UMGMjLNgQ/PmTF0ntrORflPy782L5OosjTw7IITkhPrkkZXJLKqRKGHkkz+SVvDlPzovz7nzMWnNONrNP/sD5/AH2U5yh</latexit>

h� @r i
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Null test of the equivalence principle
We combine the multipoles in such a way that the 
combination vanishes if Euler equation is valid. 

NE = A ⇠BF
1 + C ⇠BB

2 +D ⇠FF2 +G ⇠4

<latexit sha1_base64="YBTGRh7OOm/2hrazFu/yquOrjbQ="></latexit>

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

<latexit sha1_base64="uHDRdx5YURV6Kv4XQOorSCKAHPE=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARWtAyI6IuS0VxWcFeoK1DJs20oZlkSDJCGeYl3Pgqblwo4lZw59uYtrPQ6g+Bj/+ck+T8fsSo0o7zZeUWFpeWV/KrhbX1jc0te3unqUQsMWlgwYRs+0gRRjlpaKoZaUeSoNBnpOWPLib11j2Rigp+q8cR6YVowGlAMdLG8uzDku8lXRnCWnqU0VVa7jYiRZngpcu7qeWbK0dp2bOLTsWZCv4FN4MiyFT37M9uX+A4JFxjhpTquE6kewmSmmJG0kI3ViRCeIQGpGOQo5CoXjLdKoUHxunDQEhzuIZT9+dEgkKlxqFvOkOkh2q+NjH/q3ViHZz3EsqjWBOOZw8FMYNawElEsE8lwZqNDSAsqfkrxEMkEdYmyIIJwZ1f+S80jyvuacW9OSlWa1kcebAH9kEJuOAMVME1qIMGwOABPIEX8Go9Ws/Wm/U+a81Z2cwu+CXr4xsVlZ4p</latexit>

(bB � bF)⌥(Ebreak)

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="hqVQ47RiJTIKTs75uQR31eKXcnU="></latexit>

h�V̇ i+Hh�V i+ h�@r i = h�Ebreak
i

CB, Franco & Fleury (2020)

Quadrupole: h�V i

<latexit sha1_base64="JfeDMe4lcP9jRmyrLDrSDO9FH3Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEKrosunFZwT6gCWUyuW2HTiZhZiKU2IW/4saFIm79DXf+jdM0C209cOHMOfcy954g4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfhm5nceQCoWi3s9ScCPyFCwAaNEG6lvH3mciCEHLwSuCW57Mn/27apTc3LgZeIWpIoKNPv2lxfGNI1AaMqJUj3XSbSfEakZ5TCteKmChNAxGULPUEEiUH6W7z/Fp0YJ8SCWpoTGufp7IiORUpMoMJ0R0SO16M3E/7xeqgdXfsZEkmoQdP7RIOVYx3gWBg6ZBKr5xBBCJTO7YjoiklBtIquYENzFk5dJ+7zm1msXd/Vq47qIo4yO0Qk6Qy66RA10i5qohSh6RM/oFb1ZT9aL9W59zFtLVjFziP7A+vwB8GWWDw==</latexit>

hV V i

<latexit sha1_base64="8eNPmPHgiM3+GrRvDU/aWH8dm/o=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJRNFl0Y3LCjYtNKFMppN26GQSZiZiCX0VNy4UceuLuPNtnKZZaOuBgY9z7+XeOWHKmdKO821V1tY3Nreq27Wd3b39A/uw7qkkk4R2SMIT2QuxopwJ2tFMc9pLJcVxyGk3nNzO691HKhVLxIOepjSI8UiwiBGsjTWw6z7HYsQp8pDnywIHdsNpOoXQKrglNKBUe2B/+cOEZDEVmnCsVN91Uh3kWGpGOJ3V/EzRFJMJHtG+QYFjqoK8uH2GTo0zRFEizRMaFe7viRzHSk3j0HTGWI/Vcm1u/lfrZzq6DnIm0kxTQRaLoowjnaB5EGjIJCWaTw1gIpm5FZExlphoE1fNhOAuf3kVvPOme9G8vL9otG7KOKpwDCdwBi5cQQvuoA0dIPAEz/AKb9bMerHerY9Fa8UqZ47gj6zPH0l1k/c=</latexit>

Hexadecapole: hV V i

<latexit sha1_base64="8eNPmPHgiM3+GrRvDU/aWH8dm/o=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJRNFl0Y3LCjYtNKFMppN26GQSZiZiCX0VNy4UceuLuPNtnKZZaOuBgY9z7+XeOWHKmdKO821V1tY3Nreq27Wd3b39A/uw7qkkk4R2SMIT2QuxopwJ2tFMc9pLJcVxyGk3nNzO691HKhVLxIOepjSI8UiwiBGsjTWw6z7HYsQp8pDnywIHdsNpOoXQKrglNKBUe2B/+cOEZDEVmnCsVN91Uh3kWGpGOJ3V/EzRFJMJHtG+QYFjqoK8uH2GTo0zRFEizRMaFe7viRzHSk3j0HTGWI/Vcm1u/lfrZzq6DnIm0kxTQRaLoowjnaB5EGjIJCWaTw1gIpm5FZExlphoE1fNhOAuf3kVvPOme9G8vL9otG7KOKpwDCdwBi5cQQvuoA0dIPAEz/AKb9bMerHerY9Fa8UqZ47gj6zPH0l1k/c=</latexit>

Dipole: h(� + V )V i

<latexit sha1_base64="zk3X5+YmxMubu79WW2d5Cn4n+KA=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEilASKai3ohePFewHNKVsNpN26WYTdjdCCQUv/hUvHhTx6p/w5r9x2+ag1QcDj/dmmJnnJ5wp7ThfVmFpeWV1rbhe2tjc2t6xd/daKk4lhSaNeSw7PlHAmYCmZppDJ5FAIp9D2x9dT/32PUjFYnGnxwn0IjIQLGSUaCP17QOPEzHggCteAFyT09ZJy5MzqW+XnaozA/5L3JyUUY5G3/70gpimEQhNOVGq6zqJ7mVEakY5TEpeqiAhdEQG0DVUkAhUL5v9MMHHRglwGEtTQuOZ+nMiI5FS48g3nRHRQ7XoTcX/vG6qw4texkSSahB0vihMOdYxngaCAyaBaj42hFDJzK2YDokkVJvYSiYEd/Hlv6R1VnVr1cvbWrl+lcdRRIfoCFWQi85RHd2gBmoiih7QE3pBr9aj9Wy9We/z1oKVz+yjX7A+vgHev5cN</latexit>

<latexit sha1_base64="XE9kKSOWtS2MBZDguKFCc9frJjc=">AAACBXicbVBNSwMxFMzWr1q/Vj3qIVgET2VXRD0WvXisYGuhW0o2fW1Ds9kleSuU0osX/4oXD4p49T9489+YbvegrQMhw8wbkjdhIoVBz/t2CkvLK6trxfXSxubW9o67u9cwcao51HksY90MmQEpFNRRoIRmooFFoYT7cHg99e8fQBsRqzscJdCOWF+JnuAMrdRxDwPJVF8CDbogkdkrRtoIdCZ23LJX8TLQReLnpExy1Drul83zNAKFXDJjWr6XYHvMNAouYVIKUgMJ40PWh5alikVg2uNsiwk9tkqX9mJtj0Kaqb8TYxYZM4pCOxkxHJh5byr+57VS7F22x0IlKYLis4d6qaQY02kltCs0cJQjSxjXwv6V8gHTjKMtrmRL8OdXXiSN04p/XvFvz8rVq7yOIjkgR+SE+OSCVMkNqZE64eSRPJNX8uY8OS/Ou/MxGy04eWaf/IHz+QPdN5gs</latexit>

h�V̇ i
<latexit sha1_base64="msf3j1JAY2QLjC7ud4wyNIASvbY=">AAACD3icbVA9SwNBEN2LXzF+nVraLAbFQsKdiFoGbSwjmA/IhTC3mSRL9vaO3T0hhPwDG/+KjYUitrZ2/hs3yRWa+GDg8d7M7swLE8G18bxvJ7e0vLK6ll8vbGxube+4u3s1HaeKYZXFIlaNEDQKLrFquBHYSBRCFAqsh4ObiV9/QKV5LO/NMMFWBD3Ju5yBsVLbPQ4EyJ5AGnRQGAhOaZCAMhxEWwUVzQM1tdtu0St5U9BF4mekSDJU2u5X0IlZGqE0TIDWTd9LTGs0eZoJHBeCVGMCbAA9bFoqIULdGk3vGdMjq3RoN1a2pKFT9ffECCKth1FoOyMwfT3vTcT/vGZquletEZdJalCy2UfdVFAT00k4tMMVMiOGlgBT3O5KWR8UMGMjLNgQ/PmTF0ntrORflPy782L5OosjTw7IITkhPrkkZXJLKqRKGHkkz+SVvDlPzovz7nzMWnNONrNP/sD5/AH2U5yh</latexit>

h� @r i
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Forecasts

Calculation of the variance of the null test     
Cosmic variance
Shot noise

Ideal survey with 30'000 square degrees: we can 
detect at 3 sigma

SKA2: we can detect at 3 sigma ⌥ = 0.83

<latexit sha1_base64="fRIfLHkRNqP8nlRUDKI3lLlt3DY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSRasReh6MVjBdMW2lA22027dLMbdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMvDBhVGnX/bYKa+sbm1vF7dLO7t7+QfnwqKlEKjHxsWBCtkOkCKOc+JpqRtqJJCgOGWmFo7uZ3xoTqajgj3qSkCBGA04jipE2UtD1E0WZ4DeuU7vslSuu485hrxIvJxXI0eiVv7p9gdOYcI0ZUqrjuYkOMiQ1xYxMS91UkQThERqQjqEcxUQF2fzoqX1mlL4dCWmKa3uu/p7IUKzUJA5NZ4z0UC17M/E/r5PqqBZklCepJhwvFkUps7WwZwnYfSoJ1mxiCMKSmlttPEQSYW1yKpkQvOWXV0nzwvGqztVDtVK/zeMowgmcwjl4cA11uIcG+IDhCZ7hFd6ssfVivVsfi9aClc8cwx9Ynz+PQ5FQ</latexit>

⌥ = 0.005

<latexit sha1_base64="EmOwnrqtcmqXlG4fAPLx1NWUfm0=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVi16EohePFdy20K4lm2bb0GyyJFmllP4PLx4U8ep/8ea/MdvuQVsfDPN4b4ZMXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0U3mtx6p0kyKezNOaBDjgWARI9hY6aHrJ5pxKa7cquvWeuVK1jOgZeLlpAI5Gr3yV7cvSRpTYQjHWnc8NzHBBCvDCKfTUjfVNMFkhAe0Y6nAMdXBZHb1FJ1YpY8iqWwJg2bq740JjrUex6GdjLEZ6kUvE//zOqmJLoMJE0lqqCDzh6KUIyNRFgHqM0WJ4WNLMFHM3orIECtMjA2qZEPwFr+8TJpnVe+8Wrs7r9Sv8ziKcATHcAoeXEAdbqEBPhBQ8Ayv8OY8OS/Ou/MxHy04+c4h/IHz+QP4IJGE</latexit>

First direct test of the equivalence principle for dark matter

CB, Franco & Fleury (2020)
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Anisotropic stress

We can use the dipole to test the relation between the 
two gravitational potentials     and <latexit sha1_base64="5woa2AhwFXqrkL5bju3TM2iWDCI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddK9qnvNeuOhUWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPlp44o</latexit>

�
<latexit sha1_base64="MraM+jpCPP4HGlcH2eQRu0HxPFE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL/abhg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+qfvlwWWvcFnGU4QRO4Rx8uIYG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH/ZejjM=</latexit>

 

In   CDM and in many dark energy models: <latexit sha1_base64="G5bGjmAxGliXYk2cY/avLRFaIFs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OIxgv2QJpTNdtMu3d2E3Y1QQn+FFw+KePXnePPfuG1z0NYHA4/3ZpiZF6WcaeO6305pZXVtfaO8Wdna3tndq+4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORrdTv/1ElWaJfDDjlIYCDySLGcHGSo+BP2TXga9Zr1pz6+4MaJl4BalBAb9X/Qr6CckElYZwrHXXc1MT5lgZRjidVIJM0xSTER7QrqUSC6rDfHbwBJ1YpY/iRNmSBs3U3xM5FlqPRWQ7BTZDvehNxf+8bmbiqzBnMs0MlWS+KM44Mgmafo/6TFFi+NgSTBSztyIyxAoTYzOq2BC8xZeXSeus7l3Uz+/Pa42bIo4yHMExnIIHl9CAO/ChCQQEPMMrvDnKeXHenY95a8kpZg7hD5zPH1epkB8=</latexit>

� =  

In modified theories of gravity:             <latexit sha1_base64="N4rYTP7/gmsoojDGERGX0rsad48=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cI9gOaUDbbSbt0s4m7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rdLa+sbmVnm7srO7t39QPTxqqySTFFs04YnshkQhZwJbmmmO3VQiiUOOnXB8O/M7TygVS8SDnqQYxGQoWMQo0UbyfW/EfIGPvqdYv1pz6s4c9ipxC1KDAl6/+uUPEprFKDTlRKme66Q6yInUjHKcVvxMYUromAyxZ6ggMaogn988tc+MMrCjRJoS2p6rvydyEis1iUPTGRM9UsveTPzP62U6ug5yJtJMo6CLRVHGbZ3YswDsAZNINZ8YQqhk5labjogkVJuYKiYEd/nlVdK+qLuX9cZ9o9a8KeIowwmcwjm4cAVNuAMPWkAhhWd4hTcrs16sd+tj0Vqyiplj+APr8wftDZGg</latexit>

� 6=  

non-zero anisotropic stress 

<latexit sha1_base64="czBxziAoqChpX+oAJwD/LQCrNYs=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6R1UfUuq7WHWqV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8Ok49m</latexit>

⇤

Saltas, Sawicki, Amendola & Kunz (2014)
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Anisotropic stress

Combine the dipole with other multipoles to isolate <latexit sha1_base64="MraM+jpCPP4HGlcH2eQRu0HxPFE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL/abhg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+qfvlwWWvcFnGU4QRO4Rx8uIYG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH/ZejjM=</latexit>

 

Quadrupole: h�V i

<latexit sha1_base64="JfeDMe4lcP9jRmyrLDrSDO9FH3Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEKrosunFZwT6gCWUyuW2HTiZhZiKU2IW/4saFIm79DXf+jdM0C209cOHMOfcy954g4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfhm5nceQCoWi3s9ScCPyFCwAaNEG6lvH3mciCEHLwSuCW57Mn/27apTc3LgZeIWpIoKNPv2lxfGNI1AaMqJUj3XSbSfEakZ5TCteKmChNAxGULPUEEiUH6W7z/Fp0YJ8SCWpoTGufp7IiORUpMoMJ0R0SO16M3E/7xeqgdXfsZEkmoQdP7RIOVYx3gWBg6ZBKr5xBBCJTO7YjoiklBtIquYENzFk5dJ+7zm1msXd/Vq47qIo4yO0Qk6Qy66RA10i5qohSh6RM/oFb1ZT9aL9W59zFtLVjFziP7A+vwB8GWWDw==</latexit>

hV V i

<latexit sha1_base64="8eNPmPHgiM3+GrRvDU/aWH8dm/o=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJRNFl0Y3LCjYtNKFMppN26GQSZiZiCX0VNy4UceuLuPNtnKZZaOuBgY9z7+XeOWHKmdKO821V1tY3Nreq27Wd3b39A/uw7qkkk4R2SMIT2QuxopwJ2tFMc9pLJcVxyGk3nNzO691HKhVLxIOepjSI8UiwiBGsjTWw6z7HYsQp8pDnywIHdsNpOoXQKrglNKBUe2B/+cOEZDEVmnCsVN91Uh3kWGpGOJ3V/EzRFJMJHtG+QYFjqoK8uH2GTo0zRFEizRMaFe7viRzHSk3j0HTGWI/Vcm1u/lfrZzq6DnIm0kxTQRaLoowjnaB5EGjIJCWaTw1gIpm5FZExlphoE1fNhOAuf3kVvPOme9G8vL9otG7KOKpwDCdwBi5cQQvuoA0dIPAEz/AKb9bMerHerY9Fa8UqZ47gj6zPH0l1k/c=</latexit>

Hexadecapole: hV V i

<latexit sha1_base64="8eNPmPHgiM3+GrRvDU/aWH8dm/o=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJRNFl0Y3LCjYtNKFMppN26GQSZiZiCX0VNy4UceuLuPNtnKZZaOuBgY9z7+XeOWHKmdKO821V1tY3Nreq27Wd3b39A/uw7qkkk4R2SMIT2QuxopwJ2tFMc9pLJcVxyGk3nNzO691HKhVLxIOepjSI8UiwiBGsjTWw6z7HYsQp8pDnywIHdsNpOoXQKrglNKBUe2B/+cOEZDEVmnCsVN91Uh3kWGpGOJ3V/EzRFJMJHtG+QYFjqoK8uH2GTo0zRFEizRMaFe7viRzHSk3j0HTGWI/Vcm1u/lfrZzq6DnIm0kxTQRaLoowjnaB5EGjIJCWaTw1gIpm5FZExlphoE1fNhOAuf3kVvPOme9G8vL9otG7KOKpwDCdwBi5cQQvuoA0dIPAEz/AKb9bMerHerY9Fa8UqZ47gj6zPH0l1k/c=</latexit>

Dipole: h(� + V )V i

<latexit sha1_base64="zk3X5+YmxMubu79WW2d5Cn4n+KA=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEilASKai3ohePFewHNKVsNpN26WYTdjdCCQUv/hUvHhTx6p/w5r9x2+ag1QcDj/dmmJnnJ5wp7ThfVmFpeWV1rbhe2tjc2t6xd/daKk4lhSaNeSw7PlHAmYCmZppDJ5FAIp9D2x9dT/32PUjFYnGnxwn0IjIQLGSUaCP17QOPEzHggCteAFyT09ZJy5MzqW+XnaozA/5L3JyUUY5G3/70gpimEQhNOVGq6zqJ7mVEakY5TEpeqiAhdEQG0DVUkAhUL5v9MMHHRglwGEtTQuOZ+nMiI5FS48g3nRHRQ7XoTcX/vG6qw4texkSSahB0vihMOdYxngaCAyaBaj42hFDJzK2YDokkVJvYSiYEd/Hlv6R1VnVr1cvbWrl+lcdRRIfoCFWQi85RHd2gBmoiih7QE3pBr9aj9Wy9We/z1oKVz+yjX7A+vgHev5cN</latexit>

<latexit sha1_base64="XE9kKSOWtS2MBZDguKFCc9frJjc=">AAACBXicbVBNSwMxFMzWr1q/Vj3qIVgET2VXRD0WvXisYGuhW0o2fW1Ds9kleSuU0osX/4oXD4p49T9489+YbvegrQMhw8wbkjdhIoVBz/t2CkvLK6trxfXSxubW9o67u9cwcao51HksY90MmQEpFNRRoIRmooFFoYT7cHg99e8fQBsRqzscJdCOWF+JnuAMrdRxDwPJVF8CDbogkdkrRtoIdCZ23LJX8TLQReLnpExy1Drul83zNAKFXDJjWr6XYHvMNAouYVIKUgMJ40PWh5alikVg2uNsiwk9tkqX9mJtj0Kaqb8TYxYZM4pCOxkxHJh5byr+57VS7F22x0IlKYLis4d6qaQY02kltCs0cJQjSxjXwv6V8gHTjKMtrmRL8OdXXiSN04p/XvFvz8rVq7yOIjkgR+SE+OSCVMkNqZE64eSRPJNX8uY8OS/Ou/MxGy04eWaf/IHz+QPdN5gs</latexit>

h�V̇ i

Monopole: h�V i

<latexit sha1_base64="JfeDMe4lcP9jRmyrLDrSDO9FH3Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEKrosunFZwT6gCWUyuW2HTiZhZiKU2IW/4saFIm79DXf+jdM0C209cOHMOfcy954g4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfhm5nceQCoWi3s9ScCPyFCwAaNEG6lvH3mciCEHLwSuCW57Mn/27apTc3LgZeIWpIoKNPv2lxfGNI1AaMqJUj3XSbSfEakZ5TCteKmChNAxGULPUEEiUH6W7z/Fp0YJ8SCWpoTGufp7IiORUpMoMJ0R0SO16M3E/7xeqgdXfsZEkmoQdP7RIOVYx3gWBg6ZBKr5xBBCJTO7YjoiklBtIquYENzFk5dJ+7zm1msXd/Vq47qIo4yO0Qk6Qy66RA10i5qohSh6RM/oFb1ZT9aL9W59zFtLVjFziP7A+vwB8GWWDw==</latexit>

hV V i

<latexit sha1_base64="8eNPmPHgiM3+GrRvDU/aWH8dm/o=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJRNFl0Y3LCjYtNKFMppN26GQSZiZiCX0VNy4UceuLuPNtnKZZaOuBgY9z7+XeOWHKmdKO821V1tY3Nreq27Wd3b39A/uw7qkkk4R2SMIT2QuxopwJ2tFMc9pLJcVxyGk3nNzO691HKhVLxIOepjSI8UiwiBGsjTWw6z7HYsQp8pDnywIHdsNpOoXQKrglNKBUe2B/+cOEZDEVmnCsVN91Uh3kWGpGOJ3V/EzRFJMJHtG+QYFjqoK8uH2GTo0zRFEizRMaFe7viRzHSk3j0HTGWI/Vcm1u/lfrZzq6DnIm0kxTQRaLoowjnaB5EGjIJCWaTw1gIpm5FZExlphoE1fNhOAuf3kVvPOme9G8vL9otG7KOKpwDCdwBi5cQQvuoA0dIPAEz/AKb9bMerHerY9Fa8UqZ47gj6zPH0l1k/c=</latexit>

<latexit sha1_base64="wP7m7uUNt2ouduG1R0ytfnFbvkY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqMuiG5cV7AOaUCaT23boZBJmJkIJ3bjxV9y4UMSt/+DOv3GaZqGtBy73cM69zNwTJJwp7TjfVmlldW19o7xZ2dre2d2z9w/aKk4lhRaNeSy7AVHAmYCWZppDN5FAooBDJxjfzPzOA0jFYnGvJwn4ERkKNmCUaCP17WOPEzHkgL0QuCZF82Qu9u2qU3Ny4GXiFqSKCjT79pcXxjSNQGjKiVI910m0nxGpGeUwrXipgoTQMRlCz1BBIlB+ll8xxadGCfEglqaExrn6eyMjkVKTKDCTEdEjtejNxP+8XqoHV37GRJJqEHT+0CDlWMd4FgkOmQSq+cQQQiUzf8V0RCSh2gRXMSG4iycvk/Z5zb2o1e/q1cZ1EUcZHaETdIZcdIka6BY1UQtR9Iie0St6s56sF+vd+piPlqxi5xD9gfX5A1UxmHw=</latexit>

h��i

<latexit sha1_base64="6+doHYbTz0Odo6n8W28dgHeAyj0=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyWRoh6LXjxWsB/QhLLZTNulm03Y3QglFLz4V7x4UMSrf8Kb/8ZtmoO2Phh4vDfDzLwg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfhm5nceQCoWi3s9ScCPyFCwAaNEG6lvH3mciCEH7IXANcFeUzFP5lLfrjo1JwdeJm5BqqhAs29/eWFM0wiEppwo1XOdRPsZkZpRDtOKlypICB2TIfQMFSQC5Wf5D1N8apQQD2JpSmicq78nMhIpNYkC0xkRPVKL3kz8z+ulenDlZ0wkqQZB54sGKcc6xrNAcMgkUM0nhhAqmbkV0xGRhGoTW8WE4C6+vEza5zX3ola/q1cb10UcZXSMTtAZctElaqBb1EQtRNEjekav6M16sl6sd+tj3lqyiplD9AfW5w+lg5eK</latexit>

h� i

<latexit sha1_base64="jYTPPo1zkbC1QeXvFcqnuhCKW+E=">AAACBXicbVDLSgMxFM3UV62vqktdBIvgqsxIUZdFNy4r2Ad0hpJJb9vQTGZI7gildOPGX3HjQhG3/oM7/8a0nYW2Hgg5nHMPyT1hIoVB1/12ciura+sb+c3C1vbO7l5x/6Bh4lRzqPNYxroVMgNSKKijQAmtRAOLQgnNcHgz9ZsPoI2I1T2OEggi1leiJzhDK3WKx75kqi+B+l2QyOwVI234eiZ2iiW37M5Al4mXkRLJUOsUv2yepxEo5JIZ0/bcBIMx0yi4hEnBTw0kjA9ZH9qWKhaBCcazLSb01Cpd2ou1PQrpTP2dGLPImFEU2smI4cAselPxP6+dYu8qGAuVpAiKzx/qpZJiTKeV0K7QwFGOLGFcC/tXygdMM462uIItwVtceZk0zsveRblyVylVr7M68uSInJAz4pFLUiW3pEbqhJNH8kxeyZvz5Lw4787HfDTnZJlD8gfO5w/eLZgv</latexit>

h�V̇ iobtained from redshift variation of the multipoles

Sobral Blanco & CB (2021)
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<latexit sha1_base64="QfWXVahWc0TBHpx99SXcKWyPIU8=">AAACGHicbZDLSsNAFIYn9VbrrerSzWAR6sKaSFGXpYK4rGAv0IQwmZ62QyeTMDMRSuhjuPFV3LhQxG13vo3TNgut/jDw8Z9zOHP+IOZMadv+snIrq2vrG/nNwtb2zu5ecf+gpaJEUmjSiEeyExAFnAloaqY5dGIJJAw4tIPRzazefgSpWCQe9DgGLyQDwfqMEm0sv3heDvzUlSGuT84yup2cupyIAQfs9oBrgt2GYq6cW36xZFfsufBfcDIooUwNvzh1exFNQhCacqJU17Fj7aVEakY5TApuoiAmdEQG0DUoSAjKS+eHTfCJcXq4H0nzhMZz9+dESkKlxmFgOkOih2q5NjP/q3UT3b/2UibiRIOgi0X9hGMd4VlKuMckUM3HBgiVzPwV0yGRhGqTZcGE4Cyf/BdaFxXnslK9r5Zq9SyOPDpCx6iMHHSFaugONVATUfSEXtAbereerVfrw/pctOasbOYQ/ZI1/Qaah5+K</latexit>

(bB � bF)h� iCombination of multipoles gives measurement of

Lensing: correlate shapes at high redshift with galaxies 
at low redshift

Observer

<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�

<latexit sha1_base64="MvHv+wWY5lzMNaKCo7srfxV4RMY=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FLx4r2A9olzKbZtvYbBKSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCAzlTNCmZZbTjtIUkojTdjS+nfntJ6oNk+LBThQNExgKFjMC1kmt3hiUgn654lf9OfAqCXJSQTka/fJXbyBJmlBhCQdjuoGvbJiBtoxwOi31UkMVkDEMaddRAQk1YTa/dorPnDLAsdSuhMVz9fdEBokxkyRynQnYkVn2ZuJ/Xje18XWYMaFSSwVZLIpTjq3Es9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05knvxXv3PhatBS+fOUZ/4H3+AJkajyg=</latexit> from shear or 
magnification

<latexit sha1_base64="Zqh/j8R1wXXzijAAk+oCONAgMyE="></latexit>

h�Bi � h�Fi / (bB � bF)h�(�+ )i

<latexit sha1_base64="t7qab3DWf8ZVyidquyNee4TGfYI="></latexit>

(bB � bF)h�(�+ )i
(bB � bF)h� i

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="YiNWDFdADWhv3nPqpdH6aonhRI8=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48V7Ae0oWy2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrVjDeYkkq3A2q4FDFvoEDJ24nmNAokbwWj26nfeuLaCBU/4DjhfkQHsQgFo2ilpnfe5Uh7pbJbcWcgy8TLSRly1Hulr25fsTTiMTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWBrTiBs/m107IadW6ZNQaVsxkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw2s9EnKTIYzZfFKaSoCLT10lfaM5Qji2hTAt7K2FDqilDG1DRhuAtvrxMmhcV77JSva+Wazd5HAU4hhM4Aw+uoAZ3UIcGMHiEZ3iFN0c5L8678zFvXXHymSP4A+fzB+K3jrE=</latexit>

1 + ⌘
<latexit sha1_base64="ENdi66Ih4Fz77NifS0T0fz4An8c=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1ItQ9OIxgv2AJpTNdtIu3Wzi7qZQSn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZhbX1jc6u4XdrZ3ds/KB8eNVWSSYoNmvBEtkOikDOBDc00x3YqkcQhx1Y4vJv5rRFKxRLxqMcpBjHpCxYxSrSRAt8bsBsfNfE9xbrlilN15rBXiZuTCuTwuuUvv5fQLEahKSdKdVwn1cGESM0ox2nJzxSmhA5JHzuGChKjCibzo6f2mVF6dpRIU0Lbc/X3xITESo3j0HTGRA/UsjcT//M6mY6ugwkTaaZR0MWiKOO2TuxZAnaPSaSajw0hVDJzq00HRBKqTU4lE4K7/PIqaV5U3ctq7aFWqd/mcRThBE7hHFy4gjrcgwcNoPAEz/AKb9bIerHerY9Fa8HKZ47hD6zPH2Kckd0=</latexit>

� = ⌘ 

Anisotropic stress
Sobral Blanco & CB (2021)

Galaxy-galaxy lensing:

Ratio:
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Current measurements

<latexit sha1_base64="XI7WzzVsWRCPd+TlV4l3OocHZUM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahIpREinoRil48VrQf0JSy2W7apbubsDsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYMw2u+23lVlbX1jfym4Wt7Z3dPXu/2NRRoghtkIhHqh1gTTmTtAEMOG3HimIRcNoKRjdTv/VIlWaRfIBxTLsCDyQLGcFgpJ5d9O/ZQOCrsnfqU8Anvkh6dsmtuDM4y8TLSAllqPfsL78fkURQCYRjrTueG0M3xQoY4XRS8BNNY0xGeEA7hkosqO6ms9snzrFR+k4YKVMSnJn6eyLFQuuxCEynwDDUi95U/M/rJBBedlMm4wSoJPNFYcIdiJxpEE6fKUqAjw3BRDFzq0OGWGECJq6CCcFbfHmZNM8q3nmlelct1a6zOPLoEB2hMvLQBaqhW1RHDUTQE3pGr+jNmlgv1rv1MW/NWdnMAfoD6/MHe6GTcw==</latexit>

⌃ = (1 + ⌘)µ

<latexit sha1_base64="ENdi66Ih4Fz77NifS0T0fz4An8c=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1ItQ9OIxgv2AJpTNdtIu3Wzi7qZQSn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZhbX1jc6u4XdrZ3ds/KB8eNVWSSYoNmvBEtkOikDOBDc00x3YqkcQhx1Y4vJv5rRFKxRLxqMcpBjHpCxYxSrSRAt8bsBsfNfE9xbrlilN15rBXiZuTCuTwuuUvv5fQLEahKSdKdVwn1cGESM0ox2nJzxSmhA5JHzuGChKjCibzo6f2mVF6dpRIU0Lbc/X3xITESo3j0HTGRA/UsjcT//M6mY6ugwkTaaZR0MWiKOO2TuxZAnaPSaSajw0hVDJzq00HRBKqTU4lE4K7/PIqaV5U3ctq7aFWqd/mcRThBE7hHFy4gjrcgwcNoPAEz/AKb9bIerHerY9Fa8HKZ47hD6zPH2Kckd0=</latexit>

� = ⌘ 

<latexit sha1_base64="NmL3Dlk3/cbmcCiXv77SzsuDQzY=">AAACHXicbVDJSgNBEO1xN25Rj14Gg+BBw0wM6kUQveRmBLNAJoaaTk3SpHtm6O4RwjA/4sVf8eJBEQ9exL+xsxzcHhQ83quiqp4fc6a043xaM7Nz8wuLS8u5ldW19Y385lZdRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/uBy5DfuUCoWhTd6GGNbQC9kAaOgjdTJlw8HtyWvqtiZF0ig6VGWljJPgO5T4GklM+aVwB50hCcS78DrItfQyRecojOG/Ze4U1IgU1Q7+XevG9FEYKgpB6VarhPrdgpSM8oxy3mJwhjoAHrYMjQEgaqdjr/L7D2jdO0gkqZCbY/V7xMpCKWGwjedo7vVb28k/ue1Eh2ctlMWxonGkE4WBQm3dWSPorK7TCLVfGgIUMnMrTbtg0lJm0BzJgT398t/Sb1UdI+L5ety4fxiGscS2SG7ZJ+45ISckwqpkhqh5J48kmfyYj1YT9ar9TZpnbGmM9vkB6yPL4Yeojk=</latexit>

�k2 =
3

2
H

2⌦mµ �

Lensing measures

Redshift-space distortions measure <latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ
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�
<latexit sha1_base64="mRjdPHcR5fkFzD7kQz6YL6ySYZ8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5id7SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqWWqKDao5FK1Q6KRM4ENwwzHdqKQxCHHVji6nfqtJ1SaSfFgxgkGMRkI1meUGCs1uxFyQ3rlilf1ZnCXiZ+TCuSo98pf3UjSNEZhKCdad3wvMUFGlGGU46TUTTUmhI7IADuWChKjDrLZtRP3xCqR25fKljDuTP09kZFY63Ec2s6YmKFe9Kbif14nNf3rIGMiSQ0KOl/UT7lrpDt93Y2YQmr42BJCFbO3unRIFKHGBlSyIfiLLy+T5lnVP69e3l9Uajd5HEU4gmM4BR+uoAZ3UIcGUHiEZ3iFN0c6L8678zFvLTj5zCH8gfP5A5PQjyM=</latexit>

V
<latexit sha1_base64="76sWXXv3OhdBn612sBO23nM+e1I=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUb/ZKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8ftPWM4Q==</latexit>

 
<latexit sha1_base64="r0cISNJt3sWBhOtYy1SMmy2Ahts=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jGBNIljA7mU2GzGOZmRXCkl/w4kERr/6QN//G2WQPmljQUFR1090VJZwZ6/vfXmlldW19o7xZ2dre2d2r7h88GpVqQltEcaU7ETaUM0lblllOO4mmWESctqPxbe63n6g2TMkHO0loKPBQspgRbHOp1zSsX635dX8GtEyCgtSgQLNf/eoNFEkFlZZwbEw38BMbZlhbRjidVnqpoQkmYzykXUclFtSE2ezWKTpxygDFSruSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxmaSWSjJfFKccWYXyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB+f1y/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifP/W0jjE=</latexit>

�
<latexit sha1_base64="+AZwEx4h0iZeQzonc8MtAGC6ra0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGrQiNqzW3Lo7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhM8pn1LJRZU+9n81hk6s8oIhbGyJQ2aq78nMiy0norAdgpsIr3s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IRFhhYmw8FRuCt/zyKulc1L3L+tVDo9a8LeIowwmcwjl4cA1NuIcWtIFABM/wCm+OcF6cd+dj0Vpyiplj+APn8wfk/Y4m</latexit>

continuity 

anisotropic stress 

EulerPoisson

Deviations from GR: and
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If the continuity and Euler equations are valid then 
redshift-space distortions directly measure <latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ

<latexit sha1_base64="Iw+gy9scVkssLyht/OEaMo7vS6A="></latexit>
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Evolution equation for 

<latexit sha1_base64="sJBVj+OqRPjE6GbpzvJZczzf4rc=">AAACHXicbZDLSgMxFIYzXmu9VV26CRbBjWVGiroRim66rGAv0BnKmTTThmYyQ5IRyjAv4sZXceNCERduxLcxbQfR1h8CH/85J8n5/ZgzpW37y1paXlldWy9sFDe3tnd2S3v7LRUlktAmiXgkOz4oypmgTc00p51YUgh9Ttv+6GZSb99TqVgk7vQ4pl4IA8ECRkAbq1eqtq5O3UACSaGepaNsxm4MUjPg2O1TriH7MVwuMGS9Utmu2FPhRXByKKNcjV7pw+1HJAmp0ISDUl3HjrWXTu4knGZFN1E0BjKCAe0aFBBS5aXT7TJ8bJw+DiJpjtB46v6eSCFUahz6pjMEPVTztYn5X62b6ODSS5mIE00FmT0UJBzrCE+iwn0mKdF8bACIZOavmAzB5KNNoEUTgjO/8iK0zirOeaV6Wy3XrvM4CugQHaET5KALVEN11EBNRNADekIv6NV6tJ6tN+t91rpk5TMH6I+sz28WS6Mv</latexit>

V = �aH

k

@�

@ ln a

RSD measure    and <latexit sha1_base64="r4s4yN2ZOVvwxu5Osn/35uzzJpY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrtfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftZ+M4w==</latexit>

V
<latexit sha1_base64="8MUQ0zF675PA7px2Jog6pO5ZH3w=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJR6jyU=</latexit>

�

Assumptions

measure <latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ

<latexit sha1_base64="8MUQ0zF675PA7px2Jog6pO5ZH3w=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJR6jyU=</latexit>

�
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If the continuity and Euler equations are modified then 
redshift-space distortions does not directly measure <latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ

<latexit sha1_base64="Iw+gy9scVkssLyht/OEaMo7vS6A="></latexit>
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<latexit sha1_base64="sJBVj+OqRPjE6GbpzvJZczzf4rc=">AAACHXicbZDLSgMxFIYzXmu9VV26CRbBjWVGiroRim66rGAv0BnKmTTThmYyQ5IRyjAv4sZXceNCERduxLcxbQfR1h8CH/85J8n5/ZgzpW37y1paXlldWy9sFDe3tnd2S3v7LRUlktAmiXgkOz4oypmgTc00p51YUgh9Ttv+6GZSb99TqVgk7vQ4pl4IA8ECRkAbq1eqtq5O3UACSaGepaNsxm4MUjPg2O1TriH7MVwuMGS9Utmu2FPhRXByKKNcjV7pw+1HJAmp0ISDUl3HjrWXTu4knGZFN1E0BjKCAe0aFBBS5aXT7TJ8bJw+DiJpjtB46v6eSCFUahz6pjMEPVTztYn5X62b6ODSS5mIE00FmT0UJBzrCE+iwn0mKdF8bACIZOavmAzB5KNNoEUTgjO/8iK0zirOeaV6Wy3XrvM4CugQHaET5KALVEN11EBNRNADekIv6NV6tJ6tN+t91rpk5TMH6I+sz28WS6Mv</latexit>

V = �aH

k

@�

@ ln a

RSD measure    and <latexit sha1_base64="r4s4yN2ZOVvwxu5Osn/35uzzJpY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrtfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftZ+M4w==</latexit>

V
<latexit sha1_base64="8MUQ0zF675PA7px2Jog6pO5ZH3w=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJR6jyU=</latexit>

�

Assumptions

Euler equation modified

+ extra terms

+ modifications of Euler eq.measure <latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ

We cannot reconstruct    from lensing and RSD

<latexit sha1_base64="u5kb5JiYGcBEa38dYN4Cj0YutI0=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJUZKeqyKILLCvYBnbFk0kwbmmRCkhHKMBt/xY0LRdz6Ge78G9N2Ftp6IHA45x5u7okko9p43reztLyyurZe2ihvbm3v7Lp7+y2dpAqTJk5YojoR0oRRQZqGGkY6UhHEI0ba0eh64rcfidI0EfdmLEnI0UDQmGJkrNRzD7NAqkSaBN48ZIHiMLLpUZ733IpX9aaAi8QvSAUUaPTcr6Cf4JQTYTBDWnd9T5owQ8pQzEheDlJNJMIjNCBdSwXiRIfZ9IAcnlilD+NE2ScMnKq/ExniWo95ZCc5MkM9703E/7xuauLLMKNCpoYIPFsUpwzaeydtwD5VBBs2tgRhRe1fIR4ihbCxnZVtCf78yYukdVb1z6u1u1qlflXUUQJH4BicAh9cgDq4BQ3QBBjk4Bm8gjfnyXlx3p2P2eiSU2QOwB84nz/+3Jat</latexit>

/ Ebreak

Evolution equation for <latexit sha1_base64="8MUQ0zF675PA7px2Jog6pO5ZH3w=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJR6jyU=</latexit>

�

<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘
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Relativistic effects

Our method does not rely on the validity of Euler 
equation or continuity equation

model-independent

Drawback: the dipole is more difficult to measure 
than the even multipoles

Constraints on    will be weaker <latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

Sobral Blanco & CB in progress
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Conclusion

The distribution of galaxies is affected by relativistic distortions

These effects have the particularity to break the symmetry 
of the correlation function         we can isolate them

This provides a measurement of

Combining this with redshift-space distortion and lensing 
we can build new tests of gravity

Anisotropic stress

<latexit sha1_base64="ZQjm2hOFW/g/ebXCBszDUsieC+c=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL/abhg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB/VojjA=</latexit>

 

Euler equation


