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The Large Scale Structure of the Universe



What do we know about the Universe?

Most of the information comes from precision cosmology 

CMB anisotropies around the peak 
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Power spectrum @ low redshifts baryonic-acoustic oscillations
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6 independent parameters: 

Fixed parameters: 
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Input parameters 

Planck-2018

Parameters measured with sub-percent precision  
with Planck CMB data

Matter power spectrum info needed  
to reduce the CMB degeneracy  
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⌦m vs H0

Standard cosmological model



Planck-2018
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(S/N)2|CMB ⇠ Nmodes|CMB ⇠ `2max

Increasing            in the temperature map is limited by small scale fluctuations
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Ferraro et al. 2016

Increasing            in the temperature map is limited by small scale fluctuationsIncreasing            in the temperature map is limited by small scale fluctuationsIncreasing            in the temperature map is limited by small scale fluctuations

What’s for the future?

Most of the  progresses are expected for CMB polarisation 
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n̄noiseP (k) � 1

Increasing      
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kmax depends on our ability of making predictions  on non-linear scales 

Going to higher redshift allows higher 
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~? years

MegaMapper is likely to happen
21cm ?



Theory of matter density fluctuations
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�R . 1 Effective field theory of Large Scale Structure  (EFT of LSS)
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�R ⇠ 1 N-body simulations (see Julien’s talk)
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Theory of matter density fluctuations
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�R . 1 Effective field theory of Large Scale Structure  (EFT of LSS)
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�R ⇠ 1 N-body simulations (see Julien’s talk)
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kmax . 30 Mpc

<latexit sha1_base64="nVEh6l7D/YIAD/Jgg7Kf3OyO49g="></latexit>

kmax & 30 Mpc

EFT of LSS: •Large scale d.o.f. is the galaxy number density 

•The description is fluid-like (including gravity) 

•Small parameters are  

•Short distance physics is encoded in a handful of coefficients 
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k/kmax



Calculating observables
Fundamental physics makes predictions for the matter fluctuations 

We observe the distribution of galaxies (angles + redshift) 
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h�g(p)�g(k)i = (2⇡)3�(3)(p+ k)Pg(k) POWER SPECTRUM (linear + non-linear) 
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h�g(p)�g(k)�g(q)i = (2⇡)3�(3)(p+ k + q)Bg(p, k, q) BISPECTRUM (non-linear)  
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Galaxy overdensities tracks matter overdensities  
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(time-dependent) bias parameters  
encoding physics on halo scales
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Galaxy correlators can be expressed in terms of correlators of underlying fields Our analysis is in redshift space,  
here real space for simplicity 

(time-dependent) bias parameters  
encoding physics on halo scales

<latexit sha1_base64="OQDMC3t9vd+xPpp639CvZZzfLYw="></latexit>
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Calculating observables in LCDM
Starting from the Boltzmann equation of a collisionless fluid, in matter domination for sub-horizon scales  

<latexit sha1_base64="rlX5kJZcmxtXPapYGeqXcgBvyIc="></latexit>
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effective stress-energy tensor, 
accounting for short-scale physics

Matter density and velocity fluctuations
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c2s

Carrasco et al 2012, Baumann et al 2012
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kNL ' 0.08

Great amount of information extracted from BOSS data 

D’Amico, Lewandowski, Senatore, Zhang + others 

Ivanov, Philcox, Simonovic, Zaldarriaga+ others

Agreement with Planck for 
<latexit sha1_base64="18phKAQHXG3TBu8EFpvzbsC3x/o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPD6414</latexit>

H0

Full shape analysis of BOSS data with BBN prior



New features in the Power Spectrum

Raise: Isocurvatures, Long range forces,… 

Drop: new relativistic species, fuzzy dark matter, dark radiation… 

<latexit sha1_base64="/ExJTr7aEcUxRJ1ZgL9XBSr09pE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgQsqMSHVZcOOygn1IO5RMmmlDk0lIMkIZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOpDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZlqQptEcqk7ETaUs4Q2LbOcdpSmWESctqPx7cxvP1FtmEwe7ETRUOBhwmJGsHXSY09pqaxE43654lf9OdAqCXJSgRyNfvmrN5AkFTSxhGNjuoGvbJhhbRnhdFrqpYYqTMZ4SLuOJlhQE2bzg6fozCkDFEvtXmLRXP29kWFhzEREblJgOzLL3kz8z+umNr4JM5ao1NKELD6KU45cxFl6NGCaEssnjmCimbsVkRHWmFjXUcmVECxHXiWty2pQq9buryr1i7yOIpzAKZxDANdQhztoQBMICHiGV3jztPfivXsfi9GCl+8cwx94nz/CjJBU</latexit>

/ k

<latexit sha1_base64="BIhLKs1RS5XG7WF5m8bg2hEgX0Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5Zdleqx4MVjBfsB7bZk02wbms2GJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCyRn2rjut5NbWV1b38hvFra2d3b3ivsHDR0nitA6iXmsWgHWlDNB64YZTltSURwFnDaD0e3Ubz5SpVksHsxYUj/CA8FCRrCxUrcjVSxNjEbd9Pxy0iuW3LI7A1omXkZKkKHWK351+jFJIioM4VjrtudK46dYGUY4nRQ6iaYSkxEe0LalAkdU++ns6gk6sUofhbGyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z2snJrzxUyZkYqgg80VhwpH9cxoB6jNFieFjSzBRzN6KyBArTIwNqmBD8BZfXiaNi7JXKVfur0rVsyyOPBzBMZyCB9dQhTuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7A+fwBKKWSPA==</latexit>

/ k�3

<latexit sha1_base64="iiCubPjXJp6TrozLgLadw6zyUc0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUSkeix68VjBfkAbymY7aZduNunupFhCfocXD4p49cd489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR03dZQoBg0WiUi1fapBcAkN5CigHSugoS+g5Y/uZn5rAkrzSD7iNAYvpAPJA84oGskb9dIuwhOmMM6yXqnsVJw57FXi5qRMctR7pa9uP2JJCBKZoFp3XCdGL6UKOROQFbuJhpiyER1Ax1BJQ9BeOj86s8+N0reDSJmSaM/V3xMpDbWehr7pDCkO9bI3E//zOgkGN17KZZwgSLZYFCTCxsieJWD3uQKGYmoIZYqbW202pIoyNDkVTQju8surpHlZcauV6sNVuXabx1Egp+SMXBCXXJMauSd10iCMjMkzeSVv1sR6sd6tj0XrmpXPnJA/sD5/ALENkrg=</latexit>

keq



New features in the Power Spectrum

Features: dark matter-dark radiation,…

Raise: Isocurvatures, Long range forces,… 

Drop: new relativistic species, fuzzy dark matter, dark radiation… 

<latexit sha1_base64="/ExJTr7aEcUxRJ1ZgL9XBSr09pE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgQsqMSHVZcOOygn1IO5RMmmlDk0lIMkIZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOpDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZlqQptEcqk7ETaUs4Q2LbOcdpSmWESctqPx7cxvP1FtmEwe7ETRUOBhwmJGsHXSY09pqaxE43654lf9OdAqCXJSgRyNfvmrN5AkFTSxhGNjuoGvbJhhbRnhdFrqpYYqTMZ4SLuOJlhQE2bzg6fozCkDFEvtXmLRXP29kWFhzEREblJgOzLL3kz8z+umNr4JM5ao1NKELD6KU45cxFl6NGCaEssnjmCimbsVkRHWmFjXUcmVECxHXiWty2pQq9buryr1i7yOIpzAKZxDANdQhztoQBMICHiGV3jztPfivXsfi9GCl+8cwx94nz/CjJBU</latexit>

/ k

<latexit sha1_base64="BIhLKs1RS5XG7WF5m8bg2hEgX0Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5Zdleqx4MVjBfsB7bZk02wbms2GJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCyRn2rjut5NbWV1b38hvFra2d3b3ivsHDR0nitA6iXmsWgHWlDNB64YZTltSURwFnDaD0e3Ubz5SpVksHsxYUj/CA8FCRrCxUrcjVSxNjEbd9Pxy0iuW3LI7A1omXkZKkKHWK351+jFJIioM4VjrtudK46dYGUY4nRQ6iaYSkxEe0LalAkdU++ns6gk6sUofhbGyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z2snJrzxUyZkYqgg80VhwpH9cxoB6jNFieFjSzBRzN6KyBArTIwNqmBD8BZfXiaNi7JXKVfur0rVsyyOPBzBMZyCB9dQhTuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7A+fwBKKWSPA==</latexit>

/ k�3

<latexit sha1_base64="iiCubPjXJp6TrozLgLadw6zyUc0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUSkeix68VjBfkAbymY7aZduNunupFhCfocXD4p49cd489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR03dZQoBg0WiUi1fapBcAkN5CigHSugoS+g5Y/uZn5rAkrzSD7iNAYvpAPJA84oGskb9dIuwhOmMM6yXqnsVJw57FXi5qRMctR7pa9uP2JJCBKZoFp3XCdGL6UKOROQFbuJhpiyER1Ax1BJQ9BeOj86s8+N0reDSJmSaM/V3xMpDbWehr7pDCkO9bI3E//zOgkGN17KZZwgSLZYFCTCxsieJWD3uQKGYmoIZYqbW202pIoyNDkVTQju8surpHlZcauV6sNVuXabx1Egp+SMXBCXXJMauSd10iCMjMkzeSVv1sR6sd6tj0XrmpXPnJA/sD5/ALENkrg=</latexit>

keq



New features in the Power Spectrum

Features: dark matter-dark radiation,…

Raise: Isocurvatures, Long range forces,… 

Drop: new relativistic species, fuzzy dark matter, dark radiation… 

Extending the EFTofLSS to BSM allows to use  
the full shape information of the power spectrum

<latexit sha1_base64="/ExJTr7aEcUxRJ1ZgL9XBSr09pE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgQsqMSHVZcOOygn1IO5RMmmlDk0lIMkIZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOpDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZlqQptEcqk7ETaUs4Q2LbOcdpSmWESctqPx7cxvP1FtmEwe7ETRUOBhwmJGsHXSY09pqaxE43654lf9OdAqCXJSgRyNfvmrN5AkFTSxhGNjuoGvbJhhbRnhdFrqpYYqTMZ4SLuOJlhQE2bzg6fozCkDFEvtXmLRXP29kWFhzEREblJgOzLL3kz8z+umNr4JM5ao1NKELD6KU45cxFl6NGCaEssnjmCimbsVkRHWmFjXUcmVECxHXiWty2pQq9buryr1i7yOIpzAKZxDANdQhztoQBMICHiGV3jztPfivXsfi9GCl+8cwx94nz/CjJBU</latexit>

/ k

<latexit sha1_base64="BIhLKs1RS5XG7WF5m8bg2hEgX0Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5Zdleqx4MVjBfsB7bZk02wbms2GJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCyRn2rjut5NbWV1b38hvFra2d3b3ivsHDR0nitA6iXmsWgHWlDNB64YZTltSURwFnDaD0e3Ubz5SpVksHsxYUj/CA8FCRrCxUrcjVSxNjEbd9Pxy0iuW3LI7A1omXkZKkKHWK351+jFJIioM4VjrtudK46dYGUY4nRQ6iaYSkxEe0LalAkdU++ns6gk6sUofhbGyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z2snJrzxUyZkYqgg80VhwpH9cxoB6jNFieFjSzBRzN6KyBArTIwNqmBD8BZfXiaNi7JXKVfur0rVsyyOPBzBMZyCB9dQhTuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7A+fwBKKWSPA==</latexit>

/ k�3

<latexit sha1_base64="iiCubPjXJp6TrozLgLadw6zyUc0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUSkeix68VjBfkAbymY7aZduNunupFhCfocXD4p49cd489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR03dZQoBg0WiUi1fapBcAkN5CigHSugoS+g5Y/uZn5rAkrzSD7iNAYvpAPJA84oGskb9dIuwhOmMM6yXqnsVJw57FXi5qRMctR7pa9uP2JJCBKZoFp3XCdGL6UKOROQFbuJhpiyER1Ax1BJQ9BeOj86s8+N0reDSJmSaM/V3xMpDbWehr7pDCkO9bI3E//zOgkGN17KZZwgSLZYFCTCxsieJWD3uQKGYmoIZYqbW202pIoyNDkVTQju8surpHlZcauV6sNVuXabx1Egp+SMXBCXXJMauSd10iCMjMkzeSVv1sR6sd6tj0XrmpXPnJA/sD5/ALENkrg=</latexit>

keq



New features in the Power Spectrum

Features: dark matter-dark radiation,…

Raise: Isocurvatures, Long range forces,… 

Drop: new relativistic species, fuzzy dark matter, dark radiation… 

Extending the EFTofLSS to BSM allows to use  
the full shape information of the power spectrum

<latexit sha1_base64="/ExJTr7aEcUxRJ1ZgL9XBSr09pE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgQsqMSHVZcOOygn1IO5RMmmlDk0lIMkIZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOpDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZlqQptEcqk7ETaUs4Q2LbOcdpSmWESctqPx7cxvP1FtmEwe7ETRUOBhwmJGsHXSY09pqaxE43654lf9OdAqCXJSgRyNfvmrN5AkFTSxhGNjuoGvbJhhbRnhdFrqpYYqTMZ4SLuOJlhQE2bzg6fozCkDFEvtXmLRXP29kWFhzEREblJgOzLL3kz8z+umNr4JM5ao1NKELD6KU45cxFl6NGCaEssnjmCimbsVkRHWmFjXUcmVECxHXiWty2pQq9buryr1i7yOIpzAKZxDANdQhztoQBMICHiGV3jztPfivXsfi9GCl+8cwx94nz/CjJBU</latexit>

/ k

<latexit sha1_base64="BIhLKs1RS5XG7WF5m8bg2hEgX0Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5Zdleqx4MVjBfsB7bZk02wbms2GJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCyRn2rjut5NbWV1b38hvFra2d3b3ivsHDR0nitA6iXmsWgHWlDNB64YZTltSURwFnDaD0e3Ubz5SpVksHsxYUj/CA8FCRrCxUrcjVSxNjEbd9Pxy0iuW3LI7A1omXkZKkKHWK351+jFJIioM4VjrtudK46dYGUY4nRQ6iaYSkxEe0LalAkdU++ns6gk6sUofhbGyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z2snJrzxUyZkYqgg80VhwpH9cxoB6jNFieFjSzBRzN6KyBArTIwNqmBD8BZfXiaNi7JXKVfur0rVsyyOPBzBMZyCB9dQhTuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7A+fwBKKWSPA==</latexit>

/ k�3

Is there room for discovery something new 
@ DESI & EUCLID?

<latexit sha1_base64="iiCubPjXJp6TrozLgLadw6zyUc0=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUSkeix68VjBfkAbymY7aZduNunupFhCfocXD4p49cd489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR03dZQoBg0WiUi1fapBcAkN5CigHSugoS+g5Y/uZn5rAkrzSD7iNAYvpAPJA84oGskb9dIuwhOmMM6yXqnsVJw57FXi5qRMctR7pa9uP2JJCBKZoFp3XCdGL6UKOROQFbuJhpiyER1Ax1BJQ9BeOj86s8+N0reDSJmSaM/V3xMpDbWehr7pDCkO9bI3E//zOgkGN17KZZwgSLZYFCTCxsieJWD3uQKGYmoIZYqbW202pIoyNDkVTQju8surpHlZcauV6sNVuXabx1Egp+SMXBCXXJMauSd10iCMjMkzeSVv1sR6sd6tj0XrmpXPnJA/sD5/ALENkrg=</latexit>

keq



Visible sector ~15% of the matter

Dark sector ~85% of the matter

The Dark Sector might be Dark 

<latexit sha1_base64="Lj6iQZQvOCcJV5P+Zha/20S8VsM=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS1I1QdONGqWAf0BmGTJq2ocnMmNwRyzAf4MZfceNCEbd+gDv/xvSx0OqBwOGcc7m5J4gF12DbX1Zubn5hcSm/XFhZXVvfKG5uNXSUKMrqNBKRagVEM8FDVgcOgrVixYgMBGsGg/OR37xjSvMovIFhzDxJeiHvckrASH6x1POvTl19qyCVvkv7HEs/zg4u/dQFdg9pTWSZSdllewz8lzhTUkJT1Pzip9uJaCJZCFQQrduOHYOXEgWcCpYV3ESzmNAB6bG2oSGRTHvp+JgM7xmlg7uRMi8EPFZ/TqREaj2UgUlKAn09643E/7x2At0TL+VhnAAL6WRRNxEYIjxqBne4YhTE0BBCFTd/xbRPFKFg+iuYEpzZk/+SxmHZOSpXriul6tm0jjzaQbtoHznoGFXRBaqhOqLoAT2hF/RqPVrP1pv1PonmrOnMNvoF6+Mba7ub4Q==</latexit>

gN =
p
m�mp/MPl

1) Visible and dark sector interact only gravitationally  
2) Dark Matter is produced non-thermally 
3) Cosmology & astrophysics are the only probes of the dark sector dynamics



Visible sector ~15% of the matter

Dark sector ~85% of the matter

The Dark Sector might be Dark 

<latexit sha1_base64="Lj6iQZQvOCcJV5P+Zha/20S8VsM=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS1I1QdONGqWAf0BmGTJq2ocnMmNwRyzAf4MZfceNCEbd+gDv/xvSx0OqBwOGcc7m5J4gF12DbX1Zubn5hcSm/XFhZXVvfKG5uNXSUKMrqNBKRagVEM8FDVgcOgrVixYgMBGsGg/OR37xjSvMovIFhzDxJeiHvckrASH6x1POvTl19qyCVvkv7HEs/zg4u/dQFdg9pTWSZSdllewz8lzhTUkJT1Pzip9uJaCJZCFQQrduOHYOXEgWcCpYV3ESzmNAB6bG2oSGRTHvp+JgM7xmlg7uRMi8EPFZ/TqREaj2UgUlKAn09643E/7x2At0TL+VhnAAL6WRRNxEYIjxqBne4YhTE0BBCFTd/xbRPFKFg+iuYEpzZk/+SxmHZOSpXriul6tm0jjzaQbtoHznoGFXRBaqhOqLoAT2hF/RqPVrP1pv1PonmrOnMNvoF6+Mba7ub4Q==</latexit>

gN =
p
m�mp/MPl

Is the Dark Matter (or a fraction of it) self-interacting? At what range?



Toy Model
<latexit sha1_base64="CtbVyAa4m0TorECeQpEiSzN9tyk=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYSlJVwFjBAGOR6ENq0shx3daq4xjbqVRFHVj4FRYGEGLlI9j4G9w2A7Qc6UpH59yre+8JBaNKO863tbK6tr6xmdvKb+/s7u3bB4cNFScSkzqOWSxbIVKEUU7qmmpGWkISFIWMNMPh9dRvjohUNOb3eiyIH6E+pz2KkTZSYBduAuWRh4SOoDdEQqBO+SwKPDygnUpgF52SMwNcJm5GiiBDLbC/vG6Mk4hwjRlSqu06QvspkppiRiZ5L1FEIDxEfdI2lKOIKD+dPTGBJ0bpwl4sTXENZ+rviRRFSo2j0HRGSA/UojcV//Paie5d+inlItGE4/miXsKgjuE0EdilkmDNxoYgLKm5FeIBkghrk1vehOAuvrxMGuWSe16q3FWK1assjhwogGNwClxwAargFtRAHWDwCJ7BK3iznqwX6936mLeuWNnMEfgD6/MH2TOXlw==</latexit>

Gs ⌘ 2/m4
�

Effective Newton constant for the new mediator 
<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="J4cPRRCtf9Fsttl1Wpnxltnqcb0=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjK17Ux3RTcuK9gHtEPJpJk2NJMZkkyhDP0INy4Ucev3uPNvTB+Cih64cDjnXu69J0g4UxqhDyu3sbm1vZPfLeztHxweFY9P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJjcLvzOlUrFY3OtZQv0IjwQLGcHaSJ3+FMtkzAbFErLdasVDdYjscq1edl1DkHflVarQsdESJbBGc1B87w9jkkZUaMKxUj0HJdrPsNSMcDov9FNFE0wmeER7hgocUeVny3Pn8MIoQxjG0pTQcKl+n8hwpNQsCkxnhPVY/fYW4l9eL9Wh52dMJKmmgqwWhSmHOoaL3+GQSUo0nxmCiWTmVkjGWGKiTUIFE8LXp/B/0i7bTs2u3VVKjet1HHlwBs7BJXCACxrgFjRBCxAwAQ/gCTxbifVovVivq9actZ45BT9gvX0CBxCQDw==</latexit>'

<latexit sha1_base64="BCDevBDfaQMXk347vDOD4ozlRJY=">AAACB3icbVBNS8NAEN3Ur1q/qh4FCRahIpSkSPVY9OKxgv2AJobJdtsu3WyW3U2hlN68+Fe8eFDEq3/Bm//GbZuDtj4YeLw3w8y8UDCqtON8W5mV1bX1jexmbmt7Z3cvv3/QUHEiManjmMWyFYIijHJS11Qz0hKSQBQy0gwHN1O/OSRS0Zjf65EgfgQ9TrsUgzZSkD8uRoGH+/ShfO4NQAjwhiBFn57NxSBfcErODPYycVNSQClqQf7L68Q4iQjXmIFSbdcR2h+D1BQzMsl5iSIC8AB6pG0oh4gofzz7Y2KfGqVjd2Npimt7pv6eGEOk1CgKTWcEuq8Wvan4n9dOdPfKH1MuEk04ni/qJszWsT0Nxe5QSbBmI0MAS2putXEfJGBtosuZENzFl5dJo1xyK6XK3UWhep3GkUVH6AQVkYsuURXdohqqI4we0TN6RW/Wk/VivVsf89aMlc4coj+wPn8A6P6YuQ==</latexit>

(m2
� + ')�2

<latexit sha1_base64="HZaCsVPXzSJ1DmZ9WJDEus1P0ac=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IOeJIJ5QHYNs5NOMmT2wcysEpb8hxcPinj1X7z5N06SPWhiQUNR1U13lx8LrrRtf1u5peWV1bX8emFjc2t7p7i711BRIhnWWSQi2fKpQsFDrGuuBbZiiTTwBTb94dXEbz6iVDwK7/UoRi+g/ZD3OKPaSA8Xp27MXR81Jded206xZJftKcgicTJSggy1TvHL7UYsCTDUTFCl2o4day+lUnMmcFxwE4UxZUPax7ahIQ1Qeen06jE5MkqX9CJpKtRkqv6eSGmg1CjwTWdA9UDNexPxP6+d6N65l/IwTjSGbLaolwiiIzKJgHS5RKbFyBDKJDe3EjagkjJtgiqYEJz5lxdJ46TsVMqVu9NS9TKLIw8HcAjH4MAZVOEGalAHBhKe4RXerCfrxXq3PmatOSub2Yc/sD5/AFD5kcM=</latexit>

= 4⇡�GN



Toy Model
<latexit sha1_base64="CtbVyAa4m0TorECeQpEiSzN9tyk=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYSlJVwFjBAGOR6ENq0shx3daq4xjbqVRFHVj4FRYGEGLlI9j4G9w2A7Qc6UpH59yre+8JBaNKO863tbK6tr6xmdvKb+/s7u3bB4cNFScSkzqOWSxbIVKEUU7qmmpGWkISFIWMNMPh9dRvjohUNOb3eiyIH6E+pz2KkTZSYBduAuWRh4SOoDdEQqBO+SwKPDygnUpgF52SMwNcJm5GiiBDLbC/vG6Mk4hwjRlSqu06QvspkppiRiZ5L1FEIDxEfdI2lKOIKD+dPTGBJ0bpwl4sTXENZ+rviRRFSo2j0HRGSA/UojcV//Paie5d+inlItGE4/miXsKgjuE0EdilkmDNxoYgLKm5FeIBkghrk1vehOAuvrxMGuWSe16q3FWK1assjhwogGNwClxwAargFtRAHWDwCJ7BK3iznqwX6936mLeuWNnMEfgD6/MH2TOXlw==</latexit>

Gs ⌘ 2/m4
�

Effective Newton constant for the new mediator 
<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="J4cPRRCtf9Fsttl1Wpnxltnqcb0=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjK17Ux3RTcuK9gHtEPJpJk2NJMZkkyhDP0INy4Ucev3uPNvTB+Cih64cDjnXu69J0g4UxqhDyu3sbm1vZPfLeztHxweFY9P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJjcLvzOlUrFY3OtZQv0IjwQLGcHaSJ3+FMtkzAbFErLdasVDdYjscq1edl1DkHflVarQsdESJbBGc1B87w9jkkZUaMKxUj0HJdrPsNSMcDov9FNFE0wmeER7hgocUeVny3Pn8MIoQxjG0pTQcKl+n8hwpNQsCkxnhPVY/fYW4l9eL9Wh52dMJKmmgqwWhSmHOoaL3+GQSUo0nxmCiWTmVkjGWGKiTUIFE8LXp/B/0i7bTs2u3VVKjet1HHlwBs7BJXCACxrgFjRBCxAwAQ/gCTxbifVovVivq9actZ45BT9gvX0CBxCQDw==</latexit>'

<latexit sha1_base64="BCDevBDfaQMXk347vDOD4ozlRJY=">AAACB3icbVBNS8NAEN3Ur1q/qh4FCRahIpSkSPVY9OKxgv2AJobJdtsu3WyW3U2hlN68+Fe8eFDEq3/Bm//GbZuDtj4YeLw3w8y8UDCqtON8W5mV1bX1jexmbmt7Z3cvv3/QUHEiManjmMWyFYIijHJS11Qz0hKSQBQy0gwHN1O/OSRS0Zjf65EgfgQ9TrsUgzZSkD8uRoGH+/ShfO4NQAjwhiBFn57NxSBfcErODPYycVNSQClqQf7L68Q4iQjXmIFSbdcR2h+D1BQzMsl5iSIC8AB6pG0oh4gofzz7Y2KfGqVjd2Npimt7pv6eGEOk1CgKTWcEuq8Wvan4n9dOdPfKH1MuEk04ni/qJszWsT0Nxe5QSbBmI0MAS2putXEfJGBtosuZENzFl5dJo1xyK6XK3UWhep3GkUVH6AQVkYsuURXdohqqI4we0TN6RW/Wk/VivVsf89aMlc4coj+wPn8A6P6YuQ==</latexit>

(m2
� + ')�2

<latexit sha1_base64="rucYjY1MUYeatnbxkNIT9ksPRlQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tFkW3bisYB/QhjKZTpqhM5MwMxFK6C+4caGIW3/InX/jpK2gogcuHM65l3vvCVNGlXacD6u0sbm1vVPereztHxweVY9PeirJJCZdnLBEDkKkCKOCdDXVjAxSSRAPGemHs+vC798TqWgi7vQ8JQFHU0EjipEupFEnpuNqzbEdv+l5HnRst+XV/ZYhdd9zGy50bWeJGlijM66+jyYJzjgRGjOk1NB1Uh3kSGqKGVlURpkiKcIzNCVDQwXiRAX58tYFvDDKBEaJNCU0XKrfJ3LElZrz0HRypGP12yvEv7xhpiM/yKlIM00EXi2KMgZ1AovH4YRKgjWbG4KwpOZWiGMkEdYmnooJ4etT+D/pebbbtJu3jVr7ah1HGZyBc3AJXNACbXADOqALMIjBA3gCzxa3Hq0X63XVWrLWM6fgB6y3T0dbjm0=</latexit>

�

<latexit sha1_base64="VyTlHPsvEJbPFqabqw4NVS26Y/w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6j3ni4rrVuizjKcAbncAkeNKEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gADTI49</latexit>�

<latexit sha1_base64="X99SaR9R6A98JmKazPxfyGV0NJo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZmNcRNvQS8eEzCJkCxhdjKbjJl9MDMrhCVf4MWDIl79JG/+jZOHoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QVnEqKWvRWMTy1ieKCR6xluZasNtEMhL6gnX88dXM79wzqXgc3ehJwryQDCMecEq0kZqqXyxh2625DnYRtp0L7JzXDMHVcuWsjBwbz1GCJRr94ntvENM0ZJGmgijVdXCivYxIzalg00IvVSwhdEyGrGtoREKmvGx+6BSdGGWAgliaijSaq98nMhIqNQl90xkSPVK/vZn4l9dNdVDzMh4lqWYRXSwKUoF0jGZfowGXjGoxMYRQyc2tiI6IJFSbbAomhK9P0f+kXbYd13ablVL9chlHHo7gGE7BgSrU4Roa0AIKDB7gCZ6tO+vRerFeF605azlzCD9gvX0CRnaNRw==</latexit>s

<latexit sha1_base64="iqlexdjIKAHmi5PCospkENKyRKs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlEqsuiC11WsA9oQphMb9qhk0dnJoUSCm78FTcuFHHrT7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqmg0KAxj0XbJxI4i6ChmOLQTgSQ0OfQ8gc3U781AiFZHD2ocQJuSHoRCxglSkueeSQdGKZshB05FCq79eQEOyMikj7zzLJVsWbAy8TOSRnlqHvml9ONaRpCpCgnUnZsK1FuRoRilMOk5KQSEkIHpAcdTSMSgnSz2Q8TfKqVLg5ioStSeKb+nshIKOU49HVnSFRfLnpT8T+vk6rgys1YlKQKIjpfFKQcqxhPA8FdJoAqPtaEUMH0rZj2iSBU6dhKOgR78eVl0jyv2NVK9f6iXLvO4yiiY3SCzpCNLlEN3aE6aiCKHtEzekVvxpPxYrwbH/PWgpHPHKI/MD5/AHaFmBA=</latexit>

s ⌘
p

Gs'

Define a new scalar potential, s 

self-interaction = field dependent DM mass

<latexit sha1_base64="Dvl7sM3KCWOLgRAInb1PC2/aNsg=">AAAB+nicbZDLTsJAFIZP8YZ4K7p000hMcENaYtAl0Y1LTOSSQG2mwwATZqbNzFRDKo/ixoXGuPVJ3Pk2DtCFgn8yyZf/nJNz5g9jRpV23W8rt7a+sbmV3y7s7O7tH9jFw5aKEolJE0cskp0QKcKoIE1NNSOdWBLEQ0ba4fh6Vm8/EKloJO70JCY+R0NBBxQjbazALvKgh0f0vlpWZwsI7JJbcedyVsHLoASZGoH91etHOOFEaMyQUl3PjbWfIqkpZmRa6CWKxAiP0ZB0DQrEifLT+elT59Q4fWcQSfOEdubu74kUcaUmPDSdHOmRWq7NzP9q3UQPLv2UijjRRODFokHCHB05sxycPpUEazYxgLCk5lYHj5BEWJu0CiYEb/nLq9CqVrxapXZ7XqpfZXHk4RhOoAweXEAdbqABTcDwCM/wCm/Wk/VivVsfi9aclc0cwR9Znz/7T5Mw</latexit>

m2
�(s)�

2

<latexit sha1_base64="HZaCsVPXzSJ1DmZ9WJDEus1P0ac=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IOeJIJ5QHYNs5NOMmT2wcysEpb8hxcPinj1X7z5N06SPWhiQUNR1U13lx8LrrRtf1u5peWV1bX8emFjc2t7p7i711BRIhnWWSQi2fKpQsFDrGuuBbZiiTTwBTb94dXEbz6iVDwK7/UoRi+g/ZD3OKPaSA8Xp27MXR81Jded206xZJftKcgicTJSggy1TvHL7UYsCTDUTFCl2o4day+lUnMmcFxwE4UxZUPax7ahIQ1Qeen06jE5MkqX9CJpKtRkqv6eSGmg1CjwTWdA9UDNexPxP6+d6N65l/IwTjSGbLaolwiiIzKJgHS5RKbFyBDKJDe3EjagkjJtgiqYEJz5lxdJ46TsVMqVu9NS9TKLIw8HcAjH4MAZVOEGalAHBhKe4RXerCfrxXq3PmatOSub2Yc/sD5/AFD5kcM=</latexit>

= 4⇡�GN



Toy Model
<latexit sha1_base64="CtbVyAa4m0TorECeQpEiSzN9tyk=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYSlJVwFjBAGOR6ENq0shx3daq4xjbqVRFHVj4FRYGEGLlI9j4G9w2A7Qc6UpH59yre+8JBaNKO863tbK6tr6xmdvKb+/s7u3bB4cNFScSkzqOWSxbIVKEUU7qmmpGWkISFIWMNMPh9dRvjohUNOb3eiyIH6E+pz2KkTZSYBduAuWRh4SOoDdEQqBO+SwKPDygnUpgF52SMwNcJm5GiiBDLbC/vG6Mk4hwjRlSqu06QvspkppiRiZ5L1FEIDxEfdI2lKOIKD+dPTGBJ0bpwl4sTXENZ+rviRRFSo2j0HRGSA/UojcV//Paie5d+inlItGE4/miXsKgjuE0EdilkmDNxoYgLKm5FeIBkghrk1vehOAuvrxMGuWSe16q3FWK1assjhwogGNwClxwAargFtRAHWDwCJ7BK3iznqwX6936mLeuWNnMEfgD6/MH2TOXlw==</latexit>

Gs ⌘ 2/m4
�

Effective Newton constant for the new mediator 
<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="J4cPRRCtf9Fsttl1Wpnxltnqcb0=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjK17Ux3RTcuK9gHtEPJpJk2NJMZkkyhDP0INy4Ucev3uPNvTB+Cih64cDjnXu69J0g4UxqhDyu3sbm1vZPfLeztHxweFY9P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJjcLvzOlUrFY3OtZQv0IjwQLGcHaSJ3+FMtkzAbFErLdasVDdYjscq1edl1DkHflVarQsdESJbBGc1B87w9jkkZUaMKxUj0HJdrPsNSMcDov9FNFE0wmeER7hgocUeVny3Pn8MIoQxjG0pTQcKl+n8hwpNQsCkxnhPVY/fYW4l9eL9Wh52dMJKmmgqwWhSmHOoaL3+GQSUo0nxmCiWTmVkjGWGKiTUIFE8LXp/B/0i7bTs2u3VVKjet1HHlwBs7BJXCACxrgFjRBCxAwAQ/gCTxbifVovVivq9actZ45BT9gvX0CBxCQDw==</latexit>'

<latexit sha1_base64="n6cIe1UTc+vv/tQ/F3xNqzmI+MI=">AAACGXicdVDLSgMxFM34tr6qLt0Ei+BqyNTSOjvRhS4VbC10ynAnTdtgMjMkmUIZ+htu/BU3LhRxqSv/xvQhqOiBkMM595KcE6WCa0PIhzM3v7C4tLyyWlhb39jcKm7vNHSSKcrqNBGJakagmeAxqxtuBGumioGMBLuJbs/G/s2AKc2T+NoMU9aW0It5l1MwVgqLJDgHKSHMgwGotM+/LpPgn8ooEAJfhCQslohb9Umt4mPiev6R75UtITWv7Few55IJSmiGy7D4FnQSmkkWGypA65ZHUtPOQRlOBRsVgkyzFOgt9FjL0hgk0+18kmyED6zSwd1E2RMbPFG/b+QgtR7KyE5KMH392xuLf3mtzHSP2zmP08ywmE4f6mYC29zjmnCHK0aNGFoCVHH7V0z7oIAaW2bBlvCVFP9PGmXXq7rVq0rp5HRWxwraQ/voEHmohk7QBbpEdUTRHXpAT+jZuXcenRfndTo658x2dtEPOO+fGO6hoQ==</latexit>

�''!'' ⌧ H0

Self-interactions are negligile <latexit sha1_base64="36RI3MLu+r0nTaDc6jTwwhxEQsM="></latexit>

2GsLs = (@s)2 +m2
ss

2 + . . .
<latexit sha1_base64="jonck9wkvBRSGDewJOybAL+gS6w=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbmoiUl0WXejOCvYBbQiT6bQdOnkwMxFLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnUlnWt1FYWV1b3yhulra2d3b3zP1yW4axILRFQh6Krocl5SygLcUUp91IUOx7nHa8yXXmdx6pkCwMHtQ0oo6PRwEbMoKVllyz3PexGhPMk7u0ap/euPLENStWzZoBLRM7JxXI0XTNr/4gJLFPA0U4lrJnW5FyEiwUI5ympX4saYTJBI9oT9MA+1Q6ySx7io61MkDDUOgXKDRTf28k2Jdy6nt6MksqF71M/M/rxWp46SQsiGJFAzI/NIw5UiHKikADJihRfKoJJoLprIiMscBE6bpKugR78cvLpH1Ws+u1+v15pXGV11GEQziCKthwAQ24hSa0gMATPMMrvBmp8WK8Gx/z0YKR7xzAHxifP96gk7E=</latexit>

O(1/Gs)

<latexit sha1_base64="BCDevBDfaQMXk347vDOD4ozlRJY=">AAACB3icbVBNS8NAEN3Ur1q/qh4FCRahIpSkSPVY9OKxgv2AJobJdtsu3WyW3U2hlN68+Fe8eFDEq3/Bm//GbZuDtj4YeLw3w8y8UDCqtON8W5mV1bX1jexmbmt7Z3cvv3/QUHEiManjmMWyFYIijHJS11Qz0hKSQBQy0gwHN1O/OSRS0Zjf65EgfgQ9TrsUgzZSkD8uRoGH+/ShfO4NQAjwhiBFn57NxSBfcErODPYycVNSQClqQf7L68Q4iQjXmIFSbdcR2h+D1BQzMsl5iSIC8AB6pG0oh4gofzz7Y2KfGqVjd2Npimt7pv6eGEOk1CgKTWcEuq8Wvan4n9dOdPfKH1MuEk04ni/qJszWsT0Nxe5QSbBmI0MAS2putXEfJGBtosuZENzFl5dJo1xyK6XK3UWhep3GkUVH6AQVkYsuURXdohqqI4we0TN6RW/Wk/VivVsf89aMlc4coj+wPn8A6P6YuQ==</latexit>

(m2
� + ')�2

<latexit sha1_base64="rucYjY1MUYeatnbxkNIT9ksPRlQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tFkW3bisYB/QhjKZTpqhM5MwMxFK6C+4caGIW3/InX/jpK2gogcuHM65l3vvCVNGlXacD6u0sbm1vVPereztHxweVY9PeirJJCZdnLBEDkKkCKOCdDXVjAxSSRAPGemHs+vC798TqWgi7vQ8JQFHU0EjipEupFEnpuNqzbEdv+l5HnRst+XV/ZYhdd9zGy50bWeJGlijM66+jyYJzjgRGjOk1NB1Uh3kSGqKGVlURpkiKcIzNCVDQwXiRAX58tYFvDDKBEaJNCU0XKrfJ3LElZrz0HRypGP12yvEv7xhpiM/yKlIM00EXi2KMgZ1AovH4YRKgjWbG4KwpOZWiGMkEdYmnooJ4etT+D/pebbbtJu3jVr7ah1HGZyBc3AJXNACbXADOqALMIjBA3gCzxa3Hq0X63XVWrLWM6fgB6y3T0dbjm0=</latexit>

�

<latexit sha1_base64="VyTlHPsvEJbPFqabqw4NVS26Y/w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6j3ni4rrVuizjKcAbncAkeNKEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gADTI49</latexit>�

<latexit sha1_base64="X99SaR9R6A98JmKazPxfyGV0NJo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZmNcRNvQS8eEzCJkCxhdjKbjJl9MDMrhCVf4MWDIl79JG/+jZOHoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QVnEqKWvRWMTy1ieKCR6xluZasNtEMhL6gnX88dXM79wzqXgc3ehJwryQDCMecEq0kZqqXyxh2625DnYRtp0L7JzXDMHVcuWsjBwbz1GCJRr94ntvENM0ZJGmgijVdXCivYxIzalg00IvVSwhdEyGrGtoREKmvGx+6BSdGGWAgliaijSaq98nMhIqNQl90xkSPVK/vZn4l9dNdVDzMh4lqWYRXSwKUoF0jGZfowGXjGoxMYRQyc2tiI6IJFSbbAomhK9P0f+kXbYd13ablVL9chlHHo7gGE7BgSrU4Roa0AIKDB7gCZ6tO+vRerFeF605azlzCD9gvX0CRnaNRw==</latexit>s

<latexit sha1_base64="iqlexdjIKAHmi5PCospkENKyRKs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlEqsuiC11WsA9oQphMb9qhk0dnJoUSCm78FTcuFHHrT7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqmg0KAxj0XbJxI4i6ChmOLQTgSQ0OfQ8gc3U781AiFZHD2ocQJuSHoRCxglSkueeSQdGKZshB05FCq79eQEOyMikj7zzLJVsWbAy8TOSRnlqHvml9ONaRpCpCgnUnZsK1FuRoRilMOk5KQSEkIHpAcdTSMSgnSz2Q8TfKqVLg5ioStSeKb+nshIKOU49HVnSFRfLnpT8T+vk6rgys1YlKQKIjpfFKQcqxhPA8FdJoAqPtaEUMH0rZj2iSBU6dhKOgR78eVl0jyv2NVK9f6iXLvO4yiiY3SCzpCNLlEN3aE6aiCKHtEzekVvxpPxYrwbH/PWgpHPHKI/MD5/AHaFmBA=</latexit>

s ⌘
p

Gs'

Define a new scalar potential, s 

self-interaction = field dependent DM mass

<latexit sha1_base64="Dvl7sM3KCWOLgRAInb1PC2/aNsg=">AAAB+nicbZDLTsJAFIZP8YZ4K7p000hMcENaYtAl0Y1LTOSSQG2mwwATZqbNzFRDKo/ixoXGuPVJ3Pk2DtCFgn8yyZf/nJNz5g9jRpV23W8rt7a+sbmV3y7s7O7tH9jFw5aKEolJE0cskp0QKcKoIE1NNSOdWBLEQ0ba4fh6Vm8/EKloJO70JCY+R0NBBxQjbazALvKgh0f0vlpWZwsI7JJbcedyVsHLoASZGoH91etHOOFEaMyQUl3PjbWfIqkpZmRa6CWKxAiP0ZB0DQrEifLT+elT59Q4fWcQSfOEdubu74kUcaUmPDSdHOmRWq7NzP9q3UQPLv2UijjRRODFokHCHB05sxycPpUEazYxgLCk5lYHj5BEWJu0CiYEb/nLq9CqVrxapXZ7XqpfZXHk4RhOoAweXEAdbqABTcDwCM/wCm/Wk/VivVsfi9aclc0cwR9Znz/7T5Mw</latexit>

m2
�(s)�

2

<latexit sha1_base64="HZaCsVPXzSJ1DmZ9WJDEus1P0ac=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IOeJIJ5QHYNs5NOMmT2wcysEpb8hxcPinj1X7z5N06SPWhiQUNR1U13lx8LrrRtf1u5peWV1bX8emFjc2t7p7i711BRIhnWWSQi2fKpQsFDrGuuBbZiiTTwBTb94dXEbz6iVDwK7/UoRi+g/ZD3OKPaSA8Xp27MXR81Jded206xZJftKcgicTJSggy1TvHL7UYsCTDUTFCl2o4day+lUnMmcFxwE4UxZUPax7ahIQ1Qeen06jE5MkqX9CJpKtRkqv6eSGmg1CjwTWdA9UDNexPxP6+d6N65l/IwTjSGbLaolwiiIzKJgHS5RKbFyBDKJDe3EjagkjJtgiqYEJz5lxdJ46TsVMqVu9NS9TKLIw8HcAjH4MAZVOEGalAHBhKe4RXerCfrxXq3PmatOSub2Yc/sD5/AFD5kcM=</latexit>

= 4⇡�GN



Toy Model
<latexit sha1_base64="CtbVyAa4m0TorECeQpEiSzN9tyk=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYSlJVwFjBAGOR6ENq0shx3daq4xjbqVRFHVj4FRYGEGLlI9j4G9w2A7Qc6UpH59yre+8JBaNKO863tbK6tr6xmdvKb+/s7u3bB4cNFScSkzqOWSxbIVKEUU7qmmpGWkISFIWMNMPh9dRvjohUNOb3eiyIH6E+pz2KkTZSYBduAuWRh4SOoDdEQqBO+SwKPDygnUpgF52SMwNcJm5GiiBDLbC/vG6Mk4hwjRlSqu06QvspkppiRiZ5L1FEIDxEfdI2lKOIKD+dPTGBJ0bpwl4sTXENZ+rviRRFSo2j0HRGSA/UojcV//Paie5d+inlItGE4/miXsKgjuE0EdilkmDNxoYgLKm5FeIBkghrk1vehOAuvrxMGuWSe16q3FWK1assjhwogGNwClxwAargFtRAHWDwCJ7BK3iznqwX6936mLeuWNnMEfgD6/MH2TOXlw==</latexit>

Gs ⌘ 2/m4
�

Effective Newton constant for the new mediator 
<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="MnhKmCjV+5MqBnG2eexCU+K++BA=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m2bp7ibsToQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFyRSWHTdD6e0srq2vlHerGxt7+zuVfcPOjZODeNtFsvY9AJquRSat1Gg5L3EcKoCybvB5Lrwu/fcWBHrO5wm3Fd0rEUoGMVCGrBIDKs1r+7OQf4mNViiNay+D0YxSxXXyCS1tu+5CfoZNSiY5LPKILU8oWxCx7yfU00Vt342v3VGTnJlRMLY5KWRzNWvExlV1k5VkHcqipH96RXib14/xfDSz4ROUuSaLRaFqSQYk+JxMhKGM5TTnFBmRH4rYRE1lGEeT+V/IXTO6l6j3rg9rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOY/Oi/O6aC05y5lD+Abn7RMHsY5A</latexit>

�

<latexit sha1_base64="J4cPRRCtf9Fsttl1Wpnxltnqcb0=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjK17Ux3RTcuK9gHtEPJpJk2NJMZkkyhDP0INy4Ucev3uPNvTB+Cih64cDjnXu69J0g4UxqhDyu3sbm1vZPfLeztHxweFY9P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJjcLvzOlUrFY3OtZQv0IjwQLGcHaSJ3+FMtkzAbFErLdasVDdYjscq1edl1DkHflVarQsdESJbBGc1B87w9jkkZUaMKxUj0HJdrPsNSMcDov9FNFE0wmeER7hgocUeVny3Pn8MIoQxjG0pTQcKl+n8hwpNQsCkxnhPVY/fYW4l9eL9Wh52dMJKmmgqwWhSmHOoaL3+GQSUo0nxmCiWTmVkjGWGKiTUIFE8LXp/B/0i7bTs2u3VVKjet1HHlwBs7BJXCACxrgFjRBCxAwAQ/gCTxbifVovVivq9actZ45BT9gvX0CBxCQDw==</latexit>'

<latexit sha1_base64="n6cIe1UTc+vv/tQ/F3xNqzmI+MI=">AAACGXicdVDLSgMxFM34tr6qLt0Ei+BqyNTSOjvRhS4VbC10ynAnTdtgMjMkmUIZ+htu/BU3LhRxqSv/xvQhqOiBkMM595KcE6WCa0PIhzM3v7C4tLyyWlhb39jcKm7vNHSSKcrqNBGJakagmeAxqxtuBGumioGMBLuJbs/G/s2AKc2T+NoMU9aW0It5l1MwVgqLJDgHKSHMgwGotM+/LpPgn8ooEAJfhCQslohb9Umt4mPiev6R75UtITWv7Few55IJSmiGy7D4FnQSmkkWGypA65ZHUtPOQRlOBRsVgkyzFOgt9FjL0hgk0+18kmyED6zSwd1E2RMbPFG/b+QgtR7KyE5KMH392xuLf3mtzHSP2zmP08ywmE4f6mYC29zjmnCHK0aNGFoCVHH7V0z7oIAaW2bBlvCVFP9PGmXXq7rVq0rp5HRWxwraQ/voEHmohk7QBbpEdUTRHXpAT+jZuXcenRfndTo658x2dtEPOO+fGO6hoQ==</latexit>

�''!'' ⌧ H0

Self-interactions are negligile <latexit sha1_base64="36RI3MLu+r0nTaDc6jTwwhxEQsM="></latexit>

2GsLs = (@s)2 +m2
ss

2 + . . .
<latexit sha1_base64="jonck9wkvBRSGDewJOybAL+gS6w=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbmoiUl0WXejOCvYBbQiT6bQdOnkwMxFLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnUlnWt1FYWV1b3yhulra2d3b3zP1yW4axILRFQh6Krocl5SygLcUUp91IUOx7nHa8yXXmdx6pkCwMHtQ0oo6PRwEbMoKVllyz3PexGhPMk7u0ap/euPLENStWzZoBLRM7JxXI0XTNr/4gJLFPA0U4lrJnW5FyEiwUI5ympX4saYTJBI9oT9MA+1Q6ySx7io61MkDDUOgXKDRTf28k2Jdy6nt6MksqF71M/M/rxWp46SQsiGJFAzI/NIw5UiHKikADJihRfKoJJoLprIiMscBE6bpKugR78cvLpH1Ws+u1+v15pXGV11GEQziCKthwAQ24hSa0gMATPMMrvBmp8WK8Gx/z0YKR7xzAHxifP96gk7E=</latexit>

O(1/Gs)

<latexit sha1_base64="BCDevBDfaQMXk347vDOD4ozlRJY=">AAACB3icbVBNS8NAEN3Ur1q/qh4FCRahIpSkSPVY9OKxgv2AJobJdtsu3WyW3U2hlN68+Fe8eFDEq3/Bm//GbZuDtj4YeLw3w8y8UDCqtON8W5mV1bX1jexmbmt7Z3cvv3/QUHEiManjmMWyFYIijHJS11Qz0hKSQBQy0gwHN1O/OSRS0Zjf65EgfgQ9TrsUgzZSkD8uRoGH+/ShfO4NQAjwhiBFn57NxSBfcErODPYycVNSQClqQf7L68Q4iQjXmIFSbdcR2h+D1BQzMsl5iSIC8AB6pG0oh4gofzz7Y2KfGqVjd2Npimt7pv6eGEOk1CgKTWcEuq8Wvan4n9dOdPfKH1MuEk04ni/qJszWsT0Nxe5QSbBmI0MAS2putXEfJGBtosuZENzFl5dJo1xyK6XK3UWhep3GkUVH6AQVkYsuURXdohqqI4we0TN6RW/Wk/VivVsf89aMlc4coj+wPn8A6P6YuQ==</latexit>

(m2
� + ')�2

<latexit sha1_base64="rucYjY1MUYeatnbxkNIT9ksPRlQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tFkW3bisYB/QhjKZTpqhM5MwMxFK6C+4caGIW3/InX/jpK2gogcuHM65l3vvCVNGlXacD6u0sbm1vVPereztHxweVY9PeirJJCZdnLBEDkKkCKOCdDXVjAxSSRAPGemHs+vC798TqWgi7vQ8JQFHU0EjipEupFEnpuNqzbEdv+l5HnRst+XV/ZYhdd9zGy50bWeJGlijM66+jyYJzjgRGjOk1NB1Uh3kSGqKGVlURpkiKcIzNCVDQwXiRAX58tYFvDDKBEaJNCU0XKrfJ3LElZrz0HRypGP12yvEv7xhpiM/yKlIM00EXi2KMgZ1AovH4YRKgjWbG4KwpOZWiGMkEdYmnooJ4etT+D/pebbbtJu3jVr7ah1HGZyBc3AJXNACbXADOqALMIjBA3gCzxa3Hq0X63XVWrLWM6fgB6y3T0dbjm0=</latexit>

�

<latexit sha1_base64="VyTlHPsvEJbPFqabqw4NVS26Y/w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6j3ni4rrVuizjKcAbncAkeNKEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gADTI49</latexit>�

<latexit sha1_base64="X99SaR9R6A98JmKazPxfyGV0NJo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZmNcRNvQS8eEzCJkCxhdjKbjJl9MDMrhCVf4MWDIl79JG/+jZOHoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QVnEqKWvRWMTy1ieKCR6xluZasNtEMhL6gnX88dXM79wzqXgc3ehJwryQDCMecEq0kZqqXyxh2625DnYRtp0L7JzXDMHVcuWsjBwbz1GCJRr94ntvENM0ZJGmgijVdXCivYxIzalg00IvVSwhdEyGrGtoREKmvGx+6BSdGGWAgliaijSaq98nMhIqNQl90xkSPVK/vZn4l9dNdVDzMh4lqWYRXSwKUoF0jGZfowGXjGoxMYRQyc2tiI6IJFSbbAomhK9P0f+kXbYd13ablVL9chlHHo7gGE7BgSrU4Roa0AIKDB7gCZ6tO+vRerFeF605azlzCD9gvX0CRnaNRw==</latexit>s

<latexit sha1_base64="iqlexdjIKAHmi5PCospkENKyRKs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlEqsuiC11WsA9oQphMb9qhk0dnJoUSCm78FTcuFHHrT7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqmg0KAxj0XbJxI4i6ChmOLQTgSQ0OfQ8gc3U781AiFZHD2ocQJuSHoRCxglSkueeSQdGKZshB05FCq79eQEOyMikj7zzLJVsWbAy8TOSRnlqHvml9ONaRpCpCgnUnZsK1FuRoRilMOk5KQSEkIHpAcdTSMSgnSz2Q8TfKqVLg5ioStSeKb+nshIKOU49HVnSFRfLnpT8T+vk6rgys1YlKQKIjpfFKQcqxhPA8FdJoAqPtaEUMH0rZj2iSBU6dhKOgR78eVl0jyv2NVK9f6iXLvO4yiiY3SCzpCNLlEN3aE6aiCKHtEzekVvxpPxYrwbH/PWgpHPHKI/MD5/AHaFmBA=</latexit>

s ⌘
p

Gs'

Define a new scalar potential, s 

self-interaction = field dependent DM mass

<latexit sha1_base64="Dvl7sM3KCWOLgRAInb1PC2/aNsg=">AAAB+nicbZDLTsJAFIZP8YZ4K7p000hMcENaYtAl0Y1LTOSSQG2mwwATZqbNzFRDKo/ixoXGuPVJ3Pk2DtCFgn8yyZf/nJNz5g9jRpV23W8rt7a+sbmV3y7s7O7tH9jFw5aKEolJE0cskp0QKcKoIE1NNSOdWBLEQ0ba4fh6Vm8/EKloJO70JCY+R0NBBxQjbazALvKgh0f0vlpWZwsI7JJbcedyVsHLoASZGoH91etHOOFEaMyQUl3PjbWfIqkpZmRa6CWKxAiP0ZB0DQrEifLT+elT59Q4fWcQSfOEdubu74kUcaUmPDSdHOmRWq7NzP9q3UQPLv2UijjRRODFokHCHB05sxycPpUEazYxgLCk5lYHj5BEWJu0CiYEb/nLq9CqVrxapXZ7XqpfZXHk4RhOoAweXEAdbqABTcDwCM/wCm/Wk/VivVsfi9aclc0cwR9Znz/7T5Mw</latexit>

m2
�(s)�

2

<latexit sha1_base64="T4IhsiJ109Tqo4HhvMHOufvI8Mo=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQeqMaHVZdNNlBfuAdhwyaaYNTTJDkhGGUn/FjQtF3Poh7vwb03YW2nrgwuGce7n3niBmVGnH+bZyK6tr6xv5zcLW9s7unr1/0FJRIjFp4ohFshMgRRgVpKmpZqQTS4J4wEg7GN1O/fYjkYpG4l6nMfE4GggaUoy0kXy7yH11VvedHhWw7J66zsPliW+XnIozA1wmbkZKIEPDt796/QgnnAiNGVKq6zqx9sZIaooZmRR6iSIxwiM0IF1DBeJEeePZ8RN4bJQ+DCNpSmg4U39PjBFXKuWB6eRID9WiNxX/87qJDq+9MRVxoonA80VhwqCO4DQJ2KeSYM1SQxCW1NwK8RBJhLXJq2BCcBdfXiat84pbrVTvLkq1myyOPDgER6AMXHAFaqAOGqAJMEjBM3gFb9aT9WK9Wx/z1pyVzRTBH1ifP2cbkq4=</latexit>

ms/H0 2 (1, 105)• Long range interactions 

• The whole DM is interacting 
<latexit sha1_base64="1MHNn7boFXOHEC9pDbidd1iXq1M=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbzrahSXabZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TRaFJYx6rTkg0cCahaZjh0EkUEBFyaIej+7nfnoDSLJZPZppAIMhAsohRYqwURD2fDpmvmYCx1ytX3Kq7AF4nXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcZiU/1ZAQOiID6FoqiQAdZIujZ/jCKn0cxcqWNHih/p7IiNB6KkLbKYgZ6lVvLv7ndVMT3QYZk0lqQNLloijl2MR4ngDuMwXU8KklhCpmb8V0SBShxuZUsiF4qy+vk9ZV1atVa4/XlfpdHkcRnaFzdIk8dIPq6AE1UBNRNEbP6BW9ORPnxXl3PpatBSefOUV/4Hz+AKPGkgg=</latexit>

f� ' 1

<latexit sha1_base64="HZaCsVPXzSJ1DmZ9WJDEus1P0ac=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IOeJIJ5QHYNs5NOMmT2wcysEpb8hxcPinj1X7z5N06SPWhiQUNR1U13lx8LrrRtf1u5peWV1bX8emFjc2t7p7i711BRIhnWWSQi2fKpQsFDrGuuBbZiiTTwBTb94dXEbz6iVDwK7/UoRi+g/ZD3OKPaSA8Xp27MXR81Jded206xZJftKcgicTJSggy1TvHL7UYsCTDUTFCl2o4day+lUnMmcFxwE4UxZUPax7ahIQ1Qeen06jE5MkqX9CJpKtRkqv6eSGmg1CjwTWdA9UDNexPxP6+d6N65l/IwTjSGbLaolwiiIzKJgHS5RKbFyBDKJDe3EjagkjJtgiqYEJz5lxdJ46TsVMqVu9NS9TKLIw8HcAjH4MAZVOEGalAHBhKe4RXerCfrxXq3PmatOSub2Yc/sD5/AFD5kcM=</latexit>

= 4⇡�GN



Results

Precision cosmology will probe  
the strength of the new forces  

at least down to  
permil the strength of gravity  
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m¡/H0
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∏s [Mpc]

<latexit sha1_base64="X/SyZ7dgY5qKN4d+N0XgYL9bXm4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU92VUj0WvfRYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5H7ud5+o0iyWj2aaUF/gkWQRI9hYqSsCfdUM3KBccavuAmideDmpQI5WUP4aDGOSCioN4Vjrvucmxs+wMoxwOisNUk0TTCZ4RPuWSiyo9rPFuTN0YZUhimJlSxq0UH9PZFhoPRWh7RTYjPWqNxf/8/qpiW79jMkkNVSS5aIo5cjEaP47GjJFieFTSzBRzN6KyBgrTIxNqGRD8FZfXied66pXr9YfapXGXR5HEc7gHC7BgxtoQBNa0AYCE3iGV3hzEufFeXc+lq0FJ585hT9wPn8AieKPEA==</latexit>

ms/H0

<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�

To appear with Bottaro, Castorina, 
Costa, Salvioni

CMB

+BAO

+EUCLID

+MegaMapper

PRELIMINARY

<latexit sha1_base64="r9FufIJ2yPC5CKcuixc7gQphLI8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM81MNqza27OdAq8QpSgwKtYfVrEMYkFVQawrHWfc9NjJ9hZRjhdFYZpJommEzwiPYtlVhQ7Wf5wjN0ZpUQRbGyTxqUq78nMiy0norAJgU2Y73szcX/vH5qoms/YzJJDZVk8VGUcmRiNL8ehUxRYvjUEkwUs7siMsYKE2M7qtgSvOWTV0nnou416o37y1rzpqijDCdwCufgwRU04Q5a0AYCAp7hFd4c5bw4787HIlpyiplj+APn8wfOaZBu</latexit>

�s

Mediator is a fraction of DM today



Main effect I

10°2 10°1 1 10 102 103 104 105

m¡/H0
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0.11101e+021e+031e+041e+05
∏s [Mpc]

<latexit sha1_base64="X/SyZ7dgY5qKN4d+N0XgYL9bXm4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU92VUj0WvfRYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5H7ud5+o0iyWj2aaUF/gkWQRI9hYqSsCfdUM3KBccavuAmideDmpQI5WUP4aDGOSCioN4Vjrvucmxs+wMoxwOisNUk0TTCZ4RPuWSiyo9rPFuTN0YZUhimJlSxq0UH9PZFhoPRWh7RTYjPWqNxf/8/qpiW79jMkkNVSS5aIo5cjEaP47GjJFieFTSzBRzN6KyBgrTIxNqGRD8FZfXied66pXr9YfapXGXR5HEc7gHC7BgxtoQBNa0AYCE3iGV3hzEufFeXc+lq0FJ585hT9wPn8AieKPEA==</latexit>

ms/H0

<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�

To appear with Bottaro, Castorina, 
Costa, Salvioni

CMB

+BAO

+EUCLID

+MegaMapper

PRELIMINARY

<latexit sha1_base64="r9FufIJ2yPC5CKcuixc7gQphLI8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM81MNqza27OdAq8QpSgwKtYfVrEMYkFVQawrHWfc9NjJ9hZRjhdFYZpJommEzwiPYtlVhQ7Wf5wjN0ZpUQRbGyTxqUq78nMiy0norAJgU2Y73szcX/vH5qoms/YzJJDZVk8VGUcmRiNL8ehUxRYvjUEkwUs7siMsYKE2M7qtgSvOWTV0nnou416o37y1rzpqijDCdwCufgwRU04Q5a0AYCAp7hFd4c5bw4787HIlpyiplj+APn8wfOaZBu</latexit>

�s

Mediator is a fraction of DM today

<latexit sha1_base64="taNKImkP7gih2UEiQVbtgVMBllM="></latexit>

s̄00 + 2Hs̄0 + a2m2
s s̄+ a2Gs⇢� = 0

The DM follows new geodesics accounting  
for the background evolution of the light scalar

massless behaviour

<latexit sha1_base64="QfATxx5apx9Sw1YJtHGZHMn6ZfU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/sJMEwpkPJB5xR66RmV6ghob1S2a/4c5BVEuSkDDnqvdJXt69YGqO0TFBjOoGf2DCj2nImcFrspgYTysZ0iB1HJY3RhNn82ik5d0qfDJR2JS2Zq78nMhobM4kj1xlTOzLL3kz8z+ukdnATZlwmqUXJFosGqSBWkdnrpM81MismjlCmubuVsBHVlFkXUNGFECy/vEqal5WgWqneX5Vrfh5HAU7hDC4ggGuowR3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBI/iOzg==</latexit>

log a

<latexit sha1_base64="q58LpCOEBLAnTG1OANrNkDUeImU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUqrHghePFewHtGvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTG8zv/tElWaRfDCzmPoCjyULGcEmkzz3sTYsV9yquwBaJ15OKpCjNSx/DUYRSQSVhnCsdd9zY+OnWBlGOJ2XBommMSZTPKZ9SyUWVPvp4tY5urDKCIWRsiUNWqi/J1IstJ6JwHYKbCZ61cvE/7x+YsIbP2UyTgyVZLkoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8ZRsCN7qy+ukU6t6jWrjvl5pXuVxFOEMzuESPLiGJtxBC9pAYALP8ApvjnBenHfnY9lacPKZU/gD5/MHCrKNiA==</latexit>

102

<latexit sha1_base64="cwxeMDHlSZGuzFVUp+3d6a8vJJY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5RdK9VjwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPphpTH2BR5KFjGCTSZ77WBuUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeGNnzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqx69Wr9/qrSuMjjKMIJnMI5eHANDbiDJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPDDaNiQ==</latexit>

103

<latexit sha1_base64="R+PGUfn+xLlbCcui8rmLQpi7/TE=">AAAB63icbVBNSwMxEJ2tX7V+tOrRS7AIHqTsSqkeC148VrAf0K4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sFhuXJ03NFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN5mfveJKs0i+WBmMfUFHksWMoJNJnnuY31Yqbo1dwG0TrycVCFHa1j5GowikggqDeFY677nxsZPsTKMcDovDRJNY0ymeEz7lkosqPbTxa1zdG6VEQojZUsatFB/T6RYaD0Tge0U2Ez0qpeJ/3n9xIQ3fspknBgqyXJRmHBkIpQ9jkZMUWL4zBJMFLO3IjLBChNj4ynZELzVl9dJ56rmNWqN+3q1eZnHUYRTOIML8OAamnAHLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuAPnM8fDbqNig==</latexit>

104

<latexit sha1_base64="VcKWpanUs7O2oD0Q9dk46Oaznag=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5RdqdVjwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPphpTH2BR5KFjGCTSZ77eDUoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVn16tX6fa3SuMjjKMIJnMI5eHANDbiDJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPDz6Niw==</latexit>

105

<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10

 mass  << DM source
<latexit sha1_base64="l9gcsAiMaaorgDhshcYJZMnDq8o=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvXisYNpCG8pmO2mXbjZhd6OU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlRwbVz321lZXVvf2CxsFbd3dvf2SweHDZ1kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbD24nffESleSIfzCjFIKZ9ySPOqLGS/9TV1163VHYr7hRkmXhzUoY56t3SV6eXsCxGaZigWrc9NzVBTpXhTOC42Mk0ppQNaR/blkoaow7y6bFjcmqVHokSZUsaMlV/T+Q01noUh7YzpmagF72J+J/Xzkx0FeRcpplByWaLokwQk5DJ56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGucVr1qp3l+UazfzOApwDCdwBh5cQg3uoA4+MODwDK/w5kjnxXl3PmatK8585gj+wPn8AWUsjm4=</latexit>

ws = 1
<latexit sha1_base64="5ci9IeGI1jqupCxMn+/E/UCUwI4=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokItWNUHTjsoK9QFPKZHrSDp1MwsxEqaH4Km5cKOLW93Dn2zhNs9DWHwY+/nMO58zvx5wp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKkokhQaNeCTbPlHAmYCGZppDO5ZAQp9Dyx9dT+ute5CKReJOj2PohmQgWMAo0cbq2QceJ2LAAT/0lCczvHR6dtmpOJnwIrg5lFGues/+8voRTUIQmnKiVMd1Yt1NidSMcpiUvERBTOiIDKBjUJAQVDfNrp/gY+P0cRBJ84TGmft7IiWhUuPQN50h0UM1X5ua/9U6iQ4uuikTcaJB0NmiIOFYR3gaBe4zCVTzsQFCJTO3YjokklBtAiuZENz5Ly9C87TiVivV27Ny7SqPo4gO0RE6QS46RzV0g+qogSh6RM/oFb1ZT9aL9W59zFoLVj6zj/7I+vwBCcSU+A==</latexit>

hwsi = 0

<latexit sha1_base64="lfTWR79u0kspAHPVXgs4o7oARko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0w+oyvRsUK64VXcBsk68nFQgR3NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh3Ri6sMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/yMyyQ1KNlyUZgKYmIy/50MuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSfuq6tWqtYfrSuM2j6MIZ3AOl+BBHRpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP5/xj8c=</latexit>

s̄

<latexit sha1_base64="LIxdwlVTzoPZzr9Y42b7+diYAnA=">AAAB9HicbVBNS8NAEN34WetX1aOXYBE8lUSkeix68VjBfkAbymY7aZduNunupFhCfocXD4p49cd489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR03dZQoBg0WiUi1fapBcAkN5CigHSugoS+g5Y/uZn5rAkrzSD7iNAYvpAPJA84oGsmjvbSL8IQpjLOsVyo7FWcOe5W4OSmTHPVe6avbj1gSgkQmqNYd14nRS6lCzgRkxW6iIaZsRAfQMVTSELSXzo/O7HOj9O0gUqYk2nP190RKQ62noW86Q4pDvezNxP+8ToLBjZdyGScIki0WBYmwMbJnCdh9roChmBpCmeLmVpsNqaIMTU5FE4K7/PIqaV5W3Gql+nBVrt3mcRTIKTkjF8Ql16RG7kmdNAgjY/JMXsmbNbFerHfrY9G6ZuUzJ+QPrM8foW2Srg==</latexit>aeq

mass  ~ DM source
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Main effect II

<latexit sha1_base64="X/SyZ7dgY5qKN4d+N0XgYL9bXm4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU92VUj0WvfRYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5H7ud5+o0iyWj2aaUF/gkWQRI9hYqSsCfdUM3KBccavuAmideDmpQI5WUP4aDGOSCioN4Vjrvucmxs+wMoxwOisNUk0TTCZ4RPuWSiyo9rPFuTN0YZUhimJlSxq0UH9PZFhoPRWh7RTYjPWqNxf/8/qpiW79jMkkNVSS5aIo5cjEaP47GjJFieFTSzBRzN6KyBgrTIxNqGRD8FZfXied66pXr9YfapXGXR5HEc7gHC7BgxtoQBNa0AYCE3iGV3hzEufFeXc+lq0FJ585hT9wPn8AieKPEA==</latexit>

ms/H0

<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�

To appear with Bottaro, Castorina, 
Costa, Salvioni

CMB

+BAO

+EUCLID

+MegaMapper

PRELIMINARY

<latexit sha1_base64="r9FufIJ2yPC5CKcuixc7gQphLI8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM81MNqza27OdAq8QpSgwKtYfVrEMYkFVQawrHWfc9NjJ9hZRjhdFYZpJommEzwiPYtlVhQ7Wf5wjN0ZpUQRbGyTxqUq78nMiy0norAJgU2Y73szcX/vH5qoms/YzJJDZVk8VGUcmRiNL8ehUxRYvjUEkwUs7siMsYKE2M7qtgSvOWTV0nnou416o37y1rzpqijDCdwCufgwRU04Q5a0AYCAp7hFd4c5bw4787HIlpyiplj+APn8wfOaZBu</latexit>

�s

Matter fluctuations are suppressed  
when s becomes part of the dark matter  

<latexit sha1_base64="kvgPPKvbOR7pgtMY85Y2ofgm/dk="></latexit>
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<latexit sha1_base64="Y62D4JipPf7LONu4qNdECGzQdOM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvXisYD+kDWGy3bZLdzdhdyOU0F/hxYMiXv053vw3btsctPpg4PHeDDPzooQzbTzvyymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnQg15UzSpmGG006iKIqI03Y0vpn57UeqNIvlvZkkNBA4lGzACBorPeAVhpkI9TQsV7yqN4f7l/g5qUCORlj+7PVjkgoqDeGoddf3EhNkqAwjnE5LvVTTBMkYh7RrqURBdZDND566J1bpu4NY2ZLGnas/JzIUWk9EZDsFmpFe9mbif143NYPLIGMySQ2VZLFokHLXxO7se7fPFCWGTyxBopi91SUjVEiMzahkQ/CXX/5LWmdVv1at3Z1X6td5HEU4gmM4BR8uoA630IAmEBDwBC/w6ijn2Xlz3hetBSefOYRfcD6+Adg0kHU=</latexit>

a > ams

<latexit sha1_base64="N1fzG9L07j4ApGKkYiF94ehtYK0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5EooVF0MYygvmQ5DjmNptkye7esbsnhCO/wsZCEVt/jp3/xk1yhUYfDDzem2FmXpRwpo3nfTmFldW19Y3iZmlre2d3r7x/0NJxqghtkpjHqhOhppxJ2jTMcNpJFEURcdqOxjczv/1IlWaxvDeThAYCh5INGEFjpQe8wjAToZ6G5YpX9eZw/xI/JxXI0QjLn71+TFJBpSEcte76XmKCDJVhhNNpqZdqmiAZ45B2LZUoqA6y+cFT98QqfXcQK1vSuHP150SGQuuJiGynQDPSy95M/M/rpmZwGWRMJqmhkiwWDVLumtidfe/2maLE8IklSBSzt7pkhAqJsRmVbAj+8st/Seus6teqtbvzSv06j6MIR3AMp+DDBdThFhrQBAICnuAFXh3lPDtvzvuiteDkM4fwC87HN9UekHM=</latexit>

a < amsMatter fluctuations are enhanced  
as long the mediator is massless

<latexit sha1_base64="gY7Nbhz+kTFfgXGYQKt8jXKTD3w="></latexit>
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<latexit sha1_base64="lINW+pGtZQgTRhHjOiV0FPDJQAs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2IQPIVdkegxGA9ehAjmAUkMs5PeZMjsg5leMSwL/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cbCa7Qtr+N3NLyyupafr2wsbm1vWPu7jVUGEsGdRaKULZcqkDwAOrIUUArkkB9V0DTHVUnfvMBpOJhcIfjCLo+HQTc44yilnrmQacPAmnPv086CI+YVK9u0rRnFu2SPYW1SJyMFEmGWs/86vRDFvsQIBNUqbZjR9hNqETOBKSFTqwgomxEB9DWNKA+qG4yPT+1jrXSt7xQ6grQmqq/JxLqKzX2Xd3pUxyqeW8i/ue1Y/QuugkPohghYLNFXiwsDK1JFlafS2AoxppQJrm+1WJDKilDnVhBh+DMv7xIGqclp1wq354VK5dZHHlySI7ICXHIOamQa1IjdcJIQp7JK3kznowX4934mLXmjGxmn/yB8fkDtlGV/Q==</latexit>

�CDM
m

The suppression dominates as long as 
<latexit sha1_base64="Lx/1jZBjas43Xt3Do9YpxE5TrOQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT1J0UuPFewHtMuSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL0w408Z1v53CxubW9k5xt7S3f3B4VD4+6eg4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu7nfveJKs1i+WimCfUFHkkWMYKNlboi0LfNwA3KFbfqLoDWiZeTCuRoBeWvwTAmqaDSEI617ntuYvwMK8MIp7PSINU0wWSCR7RvqcSCaj9bnDtDF1YZoihWtqRBC/X3RIaF1lMR2k6BzVivenPxP6+fmujGz5hMUkMlWS6KUo5MjOa/oyFTlBg+tQQTxeytiIyxwsTYhEo2BG/15XXSuap6tWrt4brSuMvjKMIZnMMleFCHBjShBW0gMIFneIU3J3FenHfnY9lacPKZU/gD5/MHoMuPHw==</latexit>

ms > H0

<latexit sha1_base64="fQ/odxJ/o3ZrCy5G+eOYsoAwYAE="></latexit>
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Mediator is a fraction of DM today



The power spectrum
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Feature at the jeans scale of the mediator

CMB
BAO

LSS



Massless vs Massive
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<latexit sha1_base64="BC04bvnGCJJ/0ySmRjzVBKiqpmM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe6qRC9C0EuOEcwDknWZncwmQ2Zml5lZISz5DS8eFPHqz3jzb5w8DppY0FBUddPdFSacaeO6305uZXVtfSO/Wdja3tndK+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKh3cTv/VElWaxfDCjhPoC9yWLGMHGSl0R6LNa4N547uNFUCy5ZXcKtEy8OSnBHPWg+NXtxSQVVBrCsdYdz02Mn2FlGOF0XOimmiaYDHGfdiyVWFDtZ9Obx+jEKj0UxcqWNGiq/p7IsNB6JELbKbAZ6EVvIv7ndVITXfsZk0lqqCSzRVHKkYnRJADUY4oSw0eWYKKYvRWRAVaYGBtTwYbgLb68TJrnZa9Srtxflqq38zjycATHcAoeXEEValCHBhBI4Ble4c1JnRfn3fmYteac+cwh/IHz+QMbrZBx</latexit>

ms/H0 = 103
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<latexit sha1_base64="YnIbplHgM5D+ueRDy7rh1FZClzU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpoUqW6EopsuK9gHtDFMppN26EwSZiZCDf0SNy4UceunuPNvnD4W2nrgwuGce7n3niDhTGnH+bZWVtfWNzZzW/ntnd29gr1/0FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLyd+K1HKhWLo3s9SqgncD9iISNYG8m3C8JX5zXfuXadh+ysPPbtolNypkDLxJ2TIsxR9+2vbi8mqaCRJhwr1XGdRHsZlpoRTsf5bqpogskQ92nH0AgLqrxsevgYnRilh8JYmoo0mqq/JzIslBqJwHQKrAdq0ZuI/3mdVIdXXsaiJNU0IrNFYcqRjtEkBdRjkhLNR4ZgIpm5FZEBlphok1XehOAuvrxMmuWSWylV7i6K1Zt5HDk4gmM4BRcuoQo1qEMDCKTwDK/wZj1ZL9a79TFrXbHmM4fwB9bnD8jEkeQ=</latexit>

ms/H0 = 10�2

Planck18
CMB  

suffers from matter-Hubble degeneracy
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<latexit sha1_base64="BC04bvnGCJJ/0ySmRjzVBKiqpmM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe6qRC9C0EuOEcwDknWZncwmQ2Zml5lZISz5DS8eFPHqz3jzb5w8DppY0FBUddPdFSacaeO6305uZXVtfSO/Wdja3tndK+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKh3cTv/VElWaxfDCjhPoC9yWLGMHGSl0R6LNa4N547uNFUCy5ZXcKtEy8OSnBHPWg+NXtxSQVVBrCsdYdz02Mn2FlGOF0XOimmiaYDHGfdiyVWFDtZ9Obx+jEKj0UxcqWNGiq/p7IsNB6JELbKbAZ6EVvIv7ndVITXfsZk0lqqCSzRVHKkYnRJADUY4oSw0eWYKKYvRWRAVaYGBtTwYbgLb68TJrnZa9Srtxflqq38zjycATHcAoeXEEValCHBhBI4Ble4c1JnRfn3fmYteac+cwh/IHz+QMbrZBx</latexit>
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<latexit sha1_base64="YnIbplHgM5D+ueRDy7rh1FZClzU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpoUqW6EopsuK9gHtDFMppN26EwSZiZCDf0SNy4UceunuPNvnD4W2nrgwuGce7n3niDhTGnH+bZWVtfWNzZzW/ntnd29gr1/0FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLyd+K1HKhWLo3s9SqgncD9iISNYG8m3C8JX5zXfuXadh+ysPPbtolNypkDLxJ2TIsxR9+2vbi8mqaCRJhwr1XGdRHsZlpoRTsf5bqpogskQ92nH0AgLqrxsevgYnRilh8JYmoo0mqq/JzIslBqJwHQKrAdq0ZuI/3mdVIdXXsaiJNU0IrNFYcqRjtEkBdRjkhLNR4ZgIpm5FZEBlphok1XehOAuvrxMmuWSWylV7i6K1Zt5HDk4gmM4BRcuoQo1qEMDCKTwDK/wZj1ZL9a79TFrXbHmM4fwB9bnD8jEkeQ=</latexit>

ms/H0 = 10�2

Planck18
CMB  

suffers from matter-Hubble degeneracy

Strength , Matter  
<latexit sha1_base64="dzVGZdhJ3GQ+KccO6z3QpP04CNc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHoseumxgrGFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWO7mZ+6wmV5ol8MOMUg5gOJI84o8ZK/gVp9NxeueJW3TnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRTTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV8nhZ9WrV2v1VpX6bx1GEEziFc/DgGurQgCb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AYKwjdo=</latexit>

, H0 Strength , Matter  
<latexit sha1_base64="dzVGZdhJ3GQ+KccO6z3QpP04CNc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHoseumxgrGFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWO7mZ+6wmV5ol8MOMUg5gOJI84o8ZK/gVp9NxeueJW3TnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRTTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV8nhZ9WrV2v1VpX6bx1GEEziFc/DgGurQgCb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AYKwjdo=</latexit>

, H0
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<latexit sha1_base64="BC04bvnGCJJ/0ySmRjzVBKiqpmM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe6qRC9C0EuOEcwDknWZncwmQ2Zml5lZISz5DS8eFPHqz3jzb5w8DppY0FBUddPdFSacaeO6305uZXVtfSO/Wdja3tndK+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKh3cTv/VElWaxfDCjhPoC9yWLGMHGSl0R6LNa4N547uNFUCy5ZXcKtEy8OSnBHPWg+NXtxSQVVBrCsdYdz02Mn2FlGOF0XOimmiaYDHGfdiyVWFDtZ9Obx+jEKj0UxcqWNGiq/p7IsNB6JELbKbAZ6EVvIv7ndVITXfsZk0lqqCSzRVHKkYnRJADUY4oSw0eWYKKYvRWRAVaYGBtTwYbgLb68TJrnZa9Srtxflqq38zjycATHcAoeXEEValCHBhBI4Ble4c1JnRfn3fmYteac+cwh/IHz+QMbrZBx</latexit>
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Ø

m¡/H0 = 0.01, Planck18 TT,TE,EE

+BAO

+Euclid
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+MegaMapper

<latexit sha1_base64="YnIbplHgM5D+ueRDy7rh1FZClzU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpoUqW6EopsuK9gHtDFMppN26EwSZiZCDf0SNy4UceunuPNvnD4W2nrgwuGce7n3niDhTGnH+bZWVtfWNzZzW/ntnd29gr1/0FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLyd+K1HKhWLo3s9SqgncD9iISNYG8m3C8JX5zXfuXadh+ysPPbtolNypkDLxJ2TIsxR9+2vbi8mqaCRJhwr1XGdRHsZlpoRTsf5bqpogskQ92nH0AgLqrxsevgYnRilh8JYmoo0mqq/JzIslBqJwHQKrAdq0ZuI/3mdVIdXXsaiJNU0IrNFYcqRjtEkBdRjkhLNR4ZgIpm5FZEBlphok1XehOAuvrxMmuWSWylV7i6K1Zt5HDk4gmM4BRcuoQo1qEMDCKTwDK/wZj1ZL9a79TFrXbHmM4fwB9bnD8jEkeQ=</latexit>

ms/H0 = 10�2

Planck18
CMB  

suffers from matter-Hubble degeneracy

Strength , Matter  
<latexit sha1_base64="dzVGZdhJ3GQ+KccO6z3QpP04CNc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHoseumxgrGFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWO7mZ+6wmV5ol8MOMUg5gOJI84o8ZK/gVp9NxeueJW3TnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRTTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV8nhZ9WrV2v1VpX6bx1GEEziFc/DgGurQgCb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AYKwjdo=</latexit>

, H0 Strength , Matter  
<latexit sha1_base64="dzVGZdhJ3GQ+KccO6z3QpP04CNc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHoseumxgrGFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWO7mZ+6wmV5ol8MOMUg5gOJI84o8ZK/gVp9NxeueJW3TnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRTTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV8nhZ9WrV2v1VpX6bx1GEEziFc/DgGurQgCb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AYKwjdo=</latexit>

, H0

BOSS BAO 
 breaks this degeneracy

Euclid  
will improve with a better 

determination of the linear bias 
(mostly in the masless case)



LSS for long range forces
For the range of masses considered the mediator is massless at the scales of interest 

<latexit sha1_base64="E49BED/wzb6dHH14TE3OdPVz7zA=">AAAB+3icbVDJSgNBEO1xjXEb49FLYxA8hRmR6DHoxWMEs0ASQk+nMmmmZ7G7RhKG+RUvHhTx6o9482/sLAdNfFDweK+KqnpeIoVGx/m21tY3Nre2CzvF3b39g0P7qNTUcao4NHgsY9X2mAYpImigQAntRAELPQktL7id+q0nUFrE0QNOEuiFzI/EUHCGRurbpaDr+zToZ12EMWbwmOd9u+xUnBnoKnEXpEwWqPftr+4g5mkIEXLJtO64ToK9jCkUXEJe7KYaEsYD5kPH0IiFoHvZ7PacnhllQIexMhUhnam/JzIWaj0JPdMZMhzpZW8q/ud1Uhxe9zIRJSlCxOeLhqmkGNNpEHQgFHCUE0MYV8LcSvmIKcbRxFU0IbjLL6+S5kXFrVaq95fl2s0ijgI5IafknLjkitTIHamTBuFkTJ7JK3mzcuvFerc+5q1r1mLmmPyB9fkDktWU0A==</latexit>

k � keq

2309.11496  
with Bottaro, Castorina, Costa, Salvioni 

Keeping only leading log-enhanced terms, the structure of nonlinear corrections is same as LCDM, with modified growth factor

<latexit sha1_base64="fnHWcMmLdNDejYRpznrsmRQxB7k="></latexit>
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LSS for long range forces
For the range of masses considered the mediator is massless at the scales of interest 

<latexit sha1_base64="E49BED/wzb6dHH14TE3OdPVz7zA=">AAAB+3icbVDJSgNBEO1xjXEb49FLYxA8hRmR6DHoxWMEs0ASQk+nMmmmZ7G7RhKG+RUvHhTx6o9482/sLAdNfFDweK+KqnpeIoVGx/m21tY3Nre2CzvF3b39g0P7qNTUcao4NHgsY9X2mAYpImigQAntRAELPQktL7id+q0nUFrE0QNOEuiFzI/EUHCGRurbpaDr+zToZ12EMWbwmOd9u+xUnBnoKnEXpEwWqPftr+4g5mkIEXLJtO64ToK9jCkUXEJe7KYaEsYD5kPH0IiFoHvZ7PacnhllQIexMhUhnam/JzIWaj0JPdMZMhzpZW8q/ud1Uhxe9zIRJSlCxOeLhqmkGNNpEHQgFHCUE0MYV8LcSvmIKcbRxFU0IbjLL6+S5kXFrVaq95fl2s0ijgI5IafknLjkitTIHamTBuFkTJ7JK3mzcuvFerc+5q1r1mLmmPyB9fkDktWU0A==</latexit>

k � keq

2309.11496  
with Bottaro, Castorina, Costa, Salvioni 

Keeping only leading log-enhanced terms, the structure of nonlinear corrections is same as LCDM, with modified growth factor

<latexit sha1_base64="fnHWcMmLdNDejYRpznrsmRQxB7k="></latexit>
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<latexit sha1_base64="SbNJkaoGPd/wsgTZ+g1hIYuQrQk="></latexit>
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LSS for long range forces
For the range of masses considered the mediator is massless at the scales of interest 

<latexit sha1_base64="E49BED/wzb6dHH14TE3OdPVz7zA=">AAAB+3icbVDJSgNBEO1xjXEb49FLYxA8hRmR6DHoxWMEs0ASQk+nMmmmZ7G7RhKG+RUvHhTx6o9482/sLAdNfFDweK+KqnpeIoVGx/m21tY3Nre2CzvF3b39g0P7qNTUcao4NHgsY9X2mAYpImigQAntRAELPQktL7id+q0nUFrE0QNOEuiFzI/EUHCGRurbpaDr+zToZ12EMWbwmOd9u+xUnBnoKnEXpEwWqPftr+4g5mkIEXLJtO64ToK9jCkUXEJe7KYaEsYD5kPH0IiFoHvZ7PacnhllQIexMhUhnam/JzIWaj0JPdMZMhzpZW8q/ud1Uhxe9zIRJSlCxOeLhqmkGNNpEHQgFHCUE0MYV8LcSvmIKcbRxFU0IbjLL6+S5kXFrVaq95fl2s0ijgI5IafknLjkitTIHamTBuFkTJ7JK3mzcuvFerc+5q1r1mLmmPyB9fkDktWU0A==</latexit>

k � keq

2309.11496  
with Bottaro, Castorina, Costa, Salvioni 

Keeping only leading log-enhanced terms, the structure of nonlinear corrections is same as LCDM, with modified growth factor

<latexit sha1_base64="fnHWcMmLdNDejYRpznrsmRQxB7k="></latexit>
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same non-linear kernels as in LCDM 

+[corrections not log-enhanced]
<latexit sha1_base64="SbNJkaoGPd/wsgTZ+g1hIYuQrQk="></latexit>
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LSS for long range forces
For the range of masses considered the mediator is massless at the scales of interest 

<latexit sha1_base64="E49BED/wzb6dHH14TE3OdPVz7zA=">AAAB+3icbVDJSgNBEO1xjXEb49FLYxA8hRmR6DHoxWMEs0ASQk+nMmmmZ7G7RhKG+RUvHhTx6o9482/sLAdNfFDweK+KqnpeIoVGx/m21tY3Nre2CzvF3b39g0P7qNTUcao4NHgsY9X2mAYpImigQAntRAELPQktL7id+q0nUFrE0QNOEuiFzI/EUHCGRurbpaDr+zToZ12EMWbwmOd9u+xUnBnoKnEXpEwWqPftr+4g5mkIEXLJtO64ToK9jCkUXEJe7KYaEsYD5kPH0IiFoHvZ7PacnhllQIexMhUhnam/JzIWaj0JPdMZMhzpZW8q/ud1Uhxe9zIRJSlCxOeLhqmkGNNpEHQgFHCUE0MYV8LcSvmIKcbRxFU0IbjLL6+S5kXFrVaq95fl2s0ijgI5IafknLjkitTIHamTBuFkTJ7JK3mzcuvFerc+5q1r1mLmmPyB9fkDktWU0A==</latexit>

k � keq

2309.11496  
with Bottaro, Castorina, Costa, Salvioni 

Keeping only leading log-enhanced terms, the structure of nonlinear corrections is same as LCDM, with modified growth factor

<latexit sha1_base64="fnHWcMmLdNDejYRpznrsmRQxB7k="></latexit>
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same non-linear kernels as in LCDM 

+[corrections not log-enhanced]
<latexit sha1_base64="SbNJkaoGPd/wsgTZ+g1hIYuQrQk="></latexit>
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<latexit sha1_base64="5W9VlZAcCXMOqX5Fp4JDdhVJb3s="></latexit>

Pg ' b21

✓
D1m

DCDM
1m

◆2

PCDM
m,L + b21

✓
D1m

DCDM
1m

◆4

PCDM
m,1 loopOne-loop galaxy power spectrum:



New physics vs bias
A fully consistent treatment of the EFT allow to disentangle NEW PHYSICS  

from the ASTROPHYSICS encoded in the biases



New physics vs bias
A fully consistent treatment of the EFT allow to disentangle NEW PHYSICS  

from the ASTROPHYSICS encoded in the biases

<latexit sha1_base64="HKeXfe+X4/pIj1HlEOYfE3EYWW0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe9EooVF0CZlBPMhyXHsbfaSJbt7x+6eEI78ChsLRWz9OXb+GzfJFRp9MPB4b4aZeWHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw78zuPVGkWy3szSagv8FCyiBFsrPQgAn3WCNxrLyhX3Ko7B/pLvJxUIEczKH/2BzFJBZWGcKx1z3MT42dYGUY4nZb6qaYJJmM8pD1LJRZU+9n84Ck6scoARbGyJQ2aqz8nMiy0nojQdgpsRnrZm4n/eb3URFd+xmSSGirJYlGUcmRiNPseDZiixPCJJZgoZm9FZIQVJsZmVLIheMsv/yXt86pXq9buLir1mzyOIhzBMZyCB5dQhwY0oQUEBDzBC7w6ynl23pz3RWvByWcO4Recj299zY+R</latexit>

ms/H0 < 1

EXAMPLE: massless mediator 

@ the linear level we can always reabsorb the 
increase of power in the linear bias

<latexit sha1_base64="tGuf4ABFY3Krzzg/8FU6HNB8qtw=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARhEKZKfWyLLpxWcFeoDOWTJppQ5PJkGSEMsxDuPFV3LhQxK0Ld76NaTsLbf0h8PGfczg5fxAzqrTjfFuFldW19Y3iZmlre2d3z94/aCuRSExaWDAhuwFShNGItDTVjHRjSRAPGOkE4+tpvfNApKIiutOTmPgcDSMaUoy0sfp2Jei79zVPUQ69UCKculnqVnKsZelZ5gVEI4+JYda3y07VmQkug5tDGeRq9u0vbyBwwkmkMUNK9Vwn1n6KpKaYkazkJYrECI/RkPQMRogT5aezozJ4YpwBDIU0L9Jw5v6eSBFXasID08mRHqnF2tT8r9ZLdHjppzSKE00iPF8UJgxqAacJwQGVBGs2MYCwpOavEI+QCUSbHEsmBHfx5GVo16ruebV+Wy83rvI4iuAIHINT4IIL0AA3oAlaAINH8AxewZv1ZL1Y79bHvLVg5TOH4I+szx/+Hp40</latexit>
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New physics vs bias

EXAMPLE: massless mediator 
<latexit sha1_base64="HKeXfe+X4/pIj1HlEOYfE3EYWW0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe9EooVF0CZlBPMhyXHsbfaSJbt7x+6eEI78ChsLRWz9OXb+GzfJFRp9MPB4b4aZeWHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw78zuPVGkWy3szSagv8FCyiBFsrPQgAn3WCNxrLyhX3Ko7B/pLvJxUIEczKH/2BzFJBZWGcKx1z3MT42dYGUY4nZb6qaYJJmM8pD1LJRZU+9n84Ck6scoARbGyJQ2aqz8nMiy0nojQdgpsRnrZm4n/eb3URFd+xmSSGirJYlGUcmRiNPseDZiixPCJJZgoZm9FZIQVJsZmVLIheMsv/yXt86pXq9buLir1mzyOIhzBMZyCB5dQhwY0oQUEBDzBC7w6ynl23pz3RWvByWcO4Recj299zY+R</latexit>

ms/H0 < 1

A fully consistent treatment of the EFT allow to disentangle NEW PHYSICS  
from the ASTROPHYSICS encoded in the biases

The signal will show up @ non-linear scales!

@ the linear level we can always reabsorb the 
increase of power in the linear bias

<latexit sha1_base64="tGuf4ABFY3Krzzg/8FU6HNB8qtw=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARhEKZKfWyLLpxWcFeoDOWTJppQ5PJkGSEMsxDuPFV3LhQxK0Ld76NaTsLbf0h8PGfczg5fxAzqrTjfFuFldW19Y3iZmlre2d3z94/aCuRSExaWDAhuwFShNGItDTVjHRjSRAPGOkE4+tpvfNApKIiutOTmPgcDSMaUoy0sfp2Jei79zVPUQ69UCKculnqVnKsZelZ5gVEI4+JYda3y07VmQkug5tDGeRq9u0vbyBwwkmkMUNK9Vwn1n6KpKaYkazkJYrECI/RkPQMRogT5aezozJ4YpwBDIU0L9Jw5v6eSBFXasID08mRHqnF2tT8r9ZLdHjppzSKE00iPF8UJgxqAacJwQGVBGs2MYCwpOavEI+QCUSbHEsmBHfx5GVo16ruebV+Wy83rvI4iuAIHINT4IIL0AA3oAlaAINH8AxewZv1ZL1Y79bHvLVg5TOH4I+szx/+Hp40</latexit>

b21 ⇠ 1

1 + 12
5 � log

<latexit sha1_base64="HKeXfe+X4/pIj1HlEOYfE3EYWW0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe9EooVF0CZlBPMhyXHsbfaSJbt7x+6eEI78ChsLRWz9OXb+GzfJFRp9MPB4b4aZeWHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw78zuPVGkWy3szSagv8FCyiBFsrPQgAn3WCNxrLyhX3Ko7B/pLvJxUIEczKH/2BzFJBZWGcKx1z3MT42dYGUY4nZb6qaYJJmM8pD1LJRZU+9n84Ck6scoARbGyJQ2aqz8nMiy0nojQdgpsRnrZm4n/eb3URFd+xmSSGirJYlGUcmRiNPseDZiixPCJJZgoZm9FZIQVJsZmVLIheMsv/yXt86pXq9buLir1mzyOIhzBMZyCB5dQhwY0oQUEBDzBC7w6ynl23pz3RWvByWcO4Recj299zY+R</latexit>

ms/H0 < 1



Relative perturbations/velocities
The dark force sources relative fluctuations between the DM and the baryons 

<latexit sha1_base64="ZiexE0lf9/U5FnBl1pjX8TgSz/w=">AAACCHicbZC7TsMwFIYdrqXcAowMRFRILFQJqoCxgoWxSPQiNVHkOCetVccJtlOpijqy8CosDCDEyiOw8Ta4bQZo+SVLn/9zjuzzBymjUtn2t7G0vLK6tl7aKG9ube/smnv7LZlkgkCTJCwRnQBLYJRDU1HFoJMKwHHAoB0Mbib19hCEpAm/V6MUvBj3OI0owUpbvnnkhsAU9oULDxkdFrf4rIDANyt21Z7KWgSngAoq1PDNLzdMSBYDV4RhKbuOnSovx0JRwmBcdjMJKSYD3IOuRo5jkF4+XWRsnWgntKJE6MOVNXV/T+Q4lnIUB7ozxqov52sT879aN1PRlZdTnmYKOJk9FGXMUok1ScUKqQCi2EgDJoLqv1qkjwUmSmdX1iE48ysvQuu86lxUa3e1Sv26iKOEDtExOkUOukR1dIsaqIkIekTP6BW9GU/Gi/FufMxal4xi5gD9kfH5A1QLmi0=</latexit>

�r ⌘ �m � �b

<latexit sha1_base64="R2oV6uLBWH2pPidl7qtV3mTbNPM=">AAACE3icbVC7SgNBFJ31GeMramkzGASxCLsaH40g2lgqGBPIhmV2cjcZMvtg5q4Qlv0HG3/FxkIRWxs7/8ZJ3EITDwwczjmXO/f4iRQabfvLmpmdm19YLC2Vl1dW19YrG5t3Ok4VhwaPZaxaPtMgRQQNFCihlShgoS+h6Q8uR37zHpQWcXSLwwQ6IetFIhCcoZG8yr7bBYnMU2duoBjPjvLsMHd9QEYDL3N5X+RFIvQqVbtmj0GniVOQKilw7VU+3W7M0xAi5JJp3XbsBDsZUyi4hLzsphoSxgesB21DIxaC7mTjm3K6a5QuDWJlXoR0rP6eyFio9TD0TTJk2NeT3kj8z2unGJx2MhElKULEfxYFqaQY01FBtCsUcJRDQxhXwvyV8j4z3aCpsWxKcCZPniZ3BzXnuFa/qVfPL4o6SmSb7JA94pATck6uyDVpEE4eyBN5Ia/Wo/VsvVnvP9EZq5jZIn9gfXwDtYuesw==</latexit>

�r =
5

3
�f��m

<latexit sha1_base64="Ra6g31vnyLHqrgdUV6+MfTZsd5M=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSwFTyWRoh6LXjxWsB/QhLDZTtqlm03Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhSlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTrkoySaFDE57IfkgUcCago5nm0E8lkDjk0Asnt3O/9whSsUQ86DwFPyYjwSJGiTZSYFejwKNj5nFQSrEYu45XD+ya03AWwOvELUgNFWgH9pc3TGgWg9CUE6UGrpNqf0qkZpTDrOJlClJCJ2QEA0MFiUH508XxM1w3yhBHiTQlNF6ovyemJFYqj0PTGRM9VqveXPzPG2Q6uvanTKSZBkGXi6KMY53geRJ4yCRQzXNDCJXM3IrpmEhCtcmrYkJwV19eJ92LhnvZaN43a62bIo4yOkVn6By56Aq10B1qow6iKEfP6BW9WU/Wi/VufSxbS1YxU0V/YH3+AK7ilCU=</latexit>

f� . 10%
relative densities dominate the signal 
for a massless mediator

PRELIMINARY

<latexit sha1_base64="HKeXfe+X4/pIj1HlEOYfE3EYWW0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe9EooVF0CZlBPMhyXHsbfaSJbt7x+6eEI78ChsLRWz9OXb+GzfJFRp9MPB4b4aZeWHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw78zuPVGkWy3szSagv8FCyiBFsrPQgAn3WCNxrLyhX3Ko7B/pLvJxUIEczKH/2BzFJBZWGcKx1z3MT42dYGUY4nZb6qaYJJmM8pD1LJRZU+9n84Ck6scoARbGyJQ2aqz8nMiy0nojQdgpsRnrZm4n/eb3URFd+xmSSGirJYlGUcmRiNPseDZiixPCJJZgoZm9FZIQVJsZmVLIheMsv/yXt86pXq9buLir1mzyOIhzBMZyCB5dQhwY0oQUEBDzBC7w6ynl23pz3RWvByWcO4Recj299zY+R</latexit>

ms/H0 < 1



Relative perturbations/velocities
The dark force sources relative fluctuations between the DM and the baryons 

<latexit sha1_base64="ZiexE0lf9/U5FnBl1pjX8TgSz/w=">AAACCHicbZC7TsMwFIYdrqXcAowMRFRILFQJqoCxgoWxSPQiNVHkOCetVccJtlOpijqy8CosDCDEyiOw8Ta4bQZo+SVLn/9zjuzzBymjUtn2t7G0vLK6tl7aKG9ube/smnv7LZlkgkCTJCwRnQBLYJRDU1HFoJMKwHHAoB0Mbib19hCEpAm/V6MUvBj3OI0owUpbvnnkhsAU9oULDxkdFrf4rIDANyt21Z7KWgSngAoq1PDNLzdMSBYDV4RhKbuOnSovx0JRwmBcdjMJKSYD3IOuRo5jkF4+XWRsnWgntKJE6MOVNXV/T+Q4lnIUB7ozxqov52sT879aN1PRlZdTnmYKOJk9FGXMUok1ScUKqQCi2EgDJoLqv1qkjwUmSmdX1iE48ysvQuu86lxUa3e1Sv26iKOEDtExOkUOukR1dIsaqIkIekTP6BW9GU/Gi/FufMxal4xi5gD9kfH5A1QLmi0=</latexit>

�r ⌘ �m � �b

<latexit sha1_base64="R2oV6uLBWH2pPidl7qtV3mTbNPM=">AAACE3icbVC7SgNBFJ31GeMramkzGASxCLsaH40g2lgqGBPIhmV2cjcZMvtg5q4Qlv0HG3/FxkIRWxs7/8ZJ3EITDwwczjmXO/f4iRQabfvLmpmdm19YLC2Vl1dW19YrG5t3Ok4VhwaPZaxaPtMgRQQNFCihlShgoS+h6Q8uR37zHpQWcXSLwwQ6IetFIhCcoZG8yr7bBYnMU2duoBjPjvLsMHd9QEYDL3N5X+RFIvQqVbtmj0GniVOQKilw7VU+3W7M0xAi5JJp3XbsBDsZUyi4hLzsphoSxgesB21DIxaC7mTjm3K6a5QuDWJlXoR0rP6eyFio9TD0TTJk2NeT3kj8z2unGJx2MhElKULEfxYFqaQY01FBtCsUcJRDQxhXwvyV8j4z3aCpsWxKcCZPniZ3BzXnuFa/qVfPL4o6SmSb7JA94pATck6uyDVpEE4eyBN5Ia/Wo/VsvVnvP9EZq5jZIn9gfXwDtYuesw==</latexit>

�r =
5

3
�f��m

<latexit sha1_base64="Ra6g31vnyLHqrgdUV6+MfTZsd5M=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSwFTyWRoh6LXjxWsB/QhLDZTtqlm03Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhSlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTrkoySaFDE57IfkgUcCago5nm0E8lkDjk0Asnt3O/9whSsUQ86DwFPyYjwSJGiTZSYFejwKNj5nFQSrEYu45XD+ya03AWwOvELUgNFWgH9pc3TGgWg9CUE6UGrpNqf0qkZpTDrOJlClJCJ2QEA0MFiUH508XxM1w3yhBHiTQlNF6ovyemJFYqj0PTGRM9VqveXPzPG2Q6uvanTKSZBkGXi6KMY53geRJ4yCRQzXNDCJXM3IrpmEhCtcmrYkJwV19eJ92LhnvZaN43a62bIo4yOkVn6By56Aq10B1qow6iKEfP6BW9WU/Wi/VufSxbS1YxU0V/YH3+AK7ilCU=</latexit>

f� . 10%
relative densities dominate the signal 
for a massless mediator

Log-enhanced effects go like ~
<latexit sha1_base64="e6uZBrcg7xriK9tVufzwkxNemPg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiSlqMuiG5cV7APSWCbTm3bo5MHMRAyh/oobF4q49UPc+TdO2iy09cCFwzn3cu89XsyZVJb1bZTW1jc2t8rblZ3dvf0D8/CoK6NEUOjQiEei7xEJnIXQUUxx6McCSOBx6HnT69zvPYCQLArvVBqDG5BxyHxGidLS0Kw6AwWPKvMFobkyc+8bQ7Nm1a058CqxC1JDBdpD82swimgSQKgoJ1I6thUrNyNCMcphVhkkEmJCp2QMjqYhCUC62fz4GT7Vygj7kdAVKjxXf09kJJAyDTzdGRA1kcteLv7nOYnyL92MhXGiIKSLRX7CsYpwngQeMQFU8VQTQgXTt2I6IXkOOq+KDsFefnmVdBt1+7zevG3WWldFHGV0jE7QGbLRBWqhG9RGHURRip7RK3oznowX4934WLSWjGKmiv7A+PwBPj+VKQ==</latexit>

[fraction]2
<latexit sha1_base64="3/lANGIIZcuC8aFZaUEgJFQaOSw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBKR6rHoxWMF+wFpKJvtpl262YTdjVpif4oXD4p49Zd489+4aXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvVw7aKk4loS0S81h2A6woZ4K2NNOcdhNJcRRw2gnG17nfuadSsVjc6UlC/QgPBQsZwdpIfbvi9TR91FkoMcmVqd+3q07NmQEtE7cgVSjQ7NtfvUFM0ogKTThWynOdRPsZlpoRTqflXqpogskYD6lnqMARVX42O32KTowyQGEsTQmNZurviQxHSk2iwHRGWI/UopeL/3leqsNLP2MiSTUVZL4oTDnSMcpzQAMmKdF8YggmkplbERnhPAWTVtmE4C6+vEzaZzW3XqvfnlcbV0UcJTiCYzgFFy6gATfQhBYQeIBneIU368l6sd6tj3nrilXMHMIfWJ8/C6CUhw==</latexit>

[fraction]

PRELIMINARY

<latexit sha1_base64="HKeXfe+X4/pIj1HlEOYfE3EYWW0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe9EooVF0CZlBPMhyXHsbfaSJbt7x+6eEI78ChsLRWz9OXb+GzfJFRp9MPB4b4aZeWHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw78zuPVGkWy3szSagv8FCyiBFsrPQgAn3WCNxrLyhX3Ko7B/pLvJxUIEczKH/2BzFJBZWGcKx1z3MT42dYGUY4nZb6qaYJJmM8pD1LJRZU+9n84Ck6scoARbGyJQ2aqz8nMiy0nojQdgpsRnrZm4n/eb3URFd+xmSSGirJYlGUcmRiNPseDZiixPCJJZgoZm9FZIQVJsZmVLIheMsv/yXt86pXq9buLir1mzyOIhzBMZyCB5dQhwY0oQUEBDzBC7w6ynl23pz3RWvByWcO4Recj299zY+R</latexit>

ms/H0 < 1



Relative perturbations/velocities
The dark force sources relative fluctuations between the DM and the baryons 

<latexit sha1_base64="ZiexE0lf9/U5FnBl1pjX8TgSz/w=">AAACCHicbZC7TsMwFIYdrqXcAowMRFRILFQJqoCxgoWxSPQiNVHkOCetVccJtlOpijqy8CosDCDEyiOw8Ta4bQZo+SVLn/9zjuzzBymjUtn2t7G0vLK6tl7aKG9ube/smnv7LZlkgkCTJCwRnQBLYJRDU1HFoJMKwHHAoB0Mbib19hCEpAm/V6MUvBj3OI0owUpbvnnkhsAU9oULDxkdFrf4rIDANyt21Z7KWgSngAoq1PDNLzdMSBYDV4RhKbuOnSovx0JRwmBcdjMJKSYD3IOuRo5jkF4+XWRsnWgntKJE6MOVNXV/T+Q4lnIUB7ozxqov52sT879aN1PRlZdTnmYKOJk9FGXMUok1ScUKqQCi2EgDJoLqv1qkjwUmSmdX1iE48ysvQuu86lxUa3e1Sv26iKOEDtExOkUOukR1dIsaqIkIekTP6BW9GU/Gi/FufMxal4xi5gD9kfH5A1QLmi0=</latexit>

�r ⌘ �m � �b

<latexit sha1_base64="R2oV6uLBWH2pPidl7qtV3mTbNPM=">AAACE3icbVC7SgNBFJ31GeMramkzGASxCLsaH40g2lgqGBPIhmV2cjcZMvtg5q4Qlv0HG3/FxkIRWxs7/8ZJ3EITDwwczjmXO/f4iRQabfvLmpmdm19YLC2Vl1dW19YrG5t3Ok4VhwaPZaxaPtMgRQQNFCihlShgoS+h6Q8uR37zHpQWcXSLwwQ6IetFIhCcoZG8yr7bBYnMU2duoBjPjvLsMHd9QEYDL3N5X+RFIvQqVbtmj0GniVOQKilw7VU+3W7M0xAi5JJp3XbsBDsZUyi4hLzsphoSxgesB21DIxaC7mTjm3K6a5QuDWJlXoR0rP6eyFio9TD0TTJk2NeT3kj8z2unGJx2MhElKULEfxYFqaQY01FBtCsUcJRDQxhXwvyV8j4z3aCpsWxKcCZPniZ3BzXnuFa/qVfPL4o6SmSb7JA94pATck6uyDVpEE4eyBN5Ia/Wo/VsvVnvP9EZq5jZIn9gfXwDtYuesw==</latexit>

�r =
5

3
�f��m

<latexit sha1_base64="Ra6g31vnyLHqrgdUV6+MfTZsd5M=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSwFTyWRoh6LXjxWsB/QhLDZTtqlm03Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhSlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTrkoySaFDE57IfkgUcCago5nm0E8lkDjk0Asnt3O/9whSsUQ86DwFPyYjwSJGiTZSYFejwKNj5nFQSrEYu45XD+ya03AWwOvELUgNFWgH9pc3TGgWg9CUE6UGrpNqf0qkZpTDrOJlClJCJ2QEA0MFiUH508XxM1w3yhBHiTQlNF6ovyemJFYqj0PTGRM9VqveXPzPG2Q6uvanTKSZBkGXi6KMY53geRJ4yCRQzXNDCJXM3IrpmEhCtcmrYkJwV19eJ92LhnvZaN43a62bIo4yOkVn6By56Aq10B1qow6iKEfP6BW9WU/Wi/VufSxbS1YxU0V/YH3+AK7ilCU=</latexit>

f� . 10%
relative densities dominate the signal 
for a massless mediator

Log-enhanced effects go like ~
<latexit sha1_base64="e6uZBrcg7xriK9tVufzwkxNemPg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiSlqMuiG5cV7APSWCbTm3bo5MHMRAyh/oobF4q49UPc+TdO2iy09cCFwzn3cu89XsyZVJb1bZTW1jc2t8rblZ3dvf0D8/CoK6NEUOjQiEei7xEJnIXQUUxx6McCSOBx6HnT69zvPYCQLArvVBqDG5BxyHxGidLS0Kw6AwWPKvMFobkyc+8bQ7Nm1a058CqxC1JDBdpD82swimgSQKgoJ1I6thUrNyNCMcphVhkkEmJCp2QMjqYhCUC62fz4GT7Vygj7kdAVKjxXf09kJJAyDTzdGRA1kcteLv7nOYnyL92MhXGiIKSLRX7CsYpwngQeMQFU8VQTQgXTt2I6IXkOOq+KDsFefnmVdBt1+7zevG3WWldFHGV0jE7QGbLRBWqhG9RGHURRip7RK3oznowX4934WLSWjGKmiv7A+PwBPj+VKQ==</latexit>

[fraction]2
<latexit sha1_base64="3/lANGIIZcuC8aFZaUEgJFQaOSw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBKR6rHoxWMF+wFpKJvtpl262YTdjVpif4oXD4p49Zd489+4aXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvVw7aKk4loS0S81h2A6woZ4K2NNOcdhNJcRRw2gnG17nfuadSsVjc6UlC/QgPBQsZwdpIfbvi9TR91FkoMcmVqd+3q07NmQEtE7cgVSjQ7NtfvUFM0ogKTThWynOdRPsZlpoRTqflXqpogskYD6lnqMARVX42O32KTowyQGEsTQmNZurviQxHSk2iwHRGWI/UopeL/3leqsNLP2MiSTUVZL4oTDnSMcpzQAMmKdF8YggmkplbERnhPAWTVtmE4C6+vEzaZzW3XqvfnlcbV0UcJTiCYzgFFy6gATfQhBYQeIBneIU368l6sd6tj3nrilXMHMIfWJ8/C6CUhw==</latexit>

[fraction]Relative density effects go like ~

PRELIMINARY

<latexit sha1_base64="HKeXfe+X4/pIj1HlEOYfE3EYWW0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe9EooVF0CZlBPMhyXHsbfaSJbt7x+6eEI78ChsLRWz9OXb+GzfJFRp9MPB4b4aZeWHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw78zuPVGkWy3szSagv8FCyiBFsrPQgAn3WCNxrLyhX3Ko7B/pLvJxUIEczKH/2BzFJBZWGcKx1z3MT42dYGUY4nZb6qaYJJmM8pD1LJRZU+9n84Ck6scoARbGyJQ2aqz8nMiy0nojQdgpsRnrZm4n/eb3URFd+xmSSGirJYlGUcmRiNPseDZiixPCJJZgoZm9FZIQVJsZmVLIheMsv/yXt86pXq9buLir1mzyOIhzBMZyCB5dQhwY0oQUEBDzBC7w6ynl23pz3RWvByWcO4Recj299zY+R</latexit>

ms/H0 < 1



LSS with relative perturbations 
Looking  at scales: 

<latexit sha1_base64="J+ExVwjdHMO1xpNjzW//hWysrKs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURddFN24rGIf0IYwmU7aoZMHMzdiDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvceLBVdgWd9GYWl5ZXWtuF7a2Nza3jF391oqSiRlTRqJSHY8opjgIWsCB8E6sWQk8ARre6Orid++Z1LxKLyDccycgAxC7nNKQEuueTDCt27aA/YA6ZCIKMtqNds1y1bFmgIvEjsnZZSj4ZpfvX5Ek4CFQAVRqmtbMTgpkcCpYFmplygWEzoiA9bVNCQBU046vT7Dx1rpYz+SukLAU/X3REoCpcaBpzsDAkM1703E/7xuAv6Fk/IwToCFdLbITwSGCE+iwH0uGQUx1oRQyfWtmA6JJBR0YCUdgj3/8iJpnVbss0r1plquX+ZxFNEhOkInyEbnqI6uUQM1EUWP6Bm9ojfjyXgx3o2PWWvByGf20R8Ynz85TpUW</latexit>

kRhalo << 1 the galaxy fluctuations should be mapped accounting for relative densities and velocities 

Relative perturbations will generate genuinely NEW SPATIAL FEATURES
<latexit sha1_base64="N0rdRhoUzVihEz6UPfjniwQA/Yo="></latexit>
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These generate  VIOLATION OF EQUIVALENCE PRINCIPLE & NEW SIGNALS! 

<latexit sha1_base64="gu2PKUwimPZcLSt4CtWrW8NYafs="></latexit>

�g = b1�m +
b2
2
�2m + bK2KijK

ij + . . .

<latexit sha1_base64="VFGKieFjGIluu5yNscQ1zSANQQc=">AAACCnicdVDLSgMxFM3UV62vqks30SJUKGXG1lZ3RUFcVrAPaIchk6ZtaCYzJJlCGbp246+4caGIW7/AnX9jpp2Cih4InJxz703ucQNGpTLNTyO1tLyyupZez2xsbm3vZHf3mtIPBSYN7DNftF0kCaOcNBRVjLQDQZDnMtJyR1ex3xoTIanP79QkILaHBpz2KUZKS0728NqJuJjmu2OCo9HUsQrdnq9kYXHnJ042ZxbLZtU8K0GzaM4Qk4tSuVKBVqLkQIK6k/3QI3DoEa4wQ1J2LDNQdoSEopiRaaYbShIgPEID0tGUI49IO5qtMoXHWunBvi/04QrO1O8dEfKknHiurvSQGsrfXiz+5XVC1T+3I8qDUBGO5w/1QwaVD+NcYI8KghWbaIKwoPqvEA+RQFjp9DI6hMWm8H/SPC1alWLltpyrXSZxpMEBOAJ5YIEqqIEbUAcNgME9eATP4MV4MJ6MV+NtXpoykp598APG+xdsSprC</latexit>

Fnr(~k1, . . . ,~kn)



LSS with relative perturbations 
Looking  at scales: 

<latexit sha1_base64="J+ExVwjdHMO1xpNjzW//hWysrKs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURddFN24rGIf0IYwmU7aoZMHMzdiDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvceLBVdgWd9GYWl5ZXWtuF7a2Nza3jF391oqSiRlTRqJSHY8opjgIWsCB8E6sWQk8ARre6Orid++Z1LxKLyDccycgAxC7nNKQEuueTDCt27aA/YA6ZCIKMtqNds1y1bFmgIvEjsnZZSj4ZpfvX5Ek4CFQAVRqmtbMTgpkcCpYFmplygWEzoiA9bVNCQBU046vT7Dx1rpYz+SukLAU/X3REoCpcaBpzsDAkM1703E/7xuAv6Fk/IwToCFdLbITwSGCE+iwH0uGQUx1oRQyfWtmA6JJBR0YCUdgj3/8iJpnVbss0r1plquX+ZxFNEhOkInyEbnqI6uUQM1EUWP6Bm9ojfjyXgx3o2PWWvByGf20R8Ynz85TpUW</latexit>

kRhalo << 1 the galaxy fluctuations should be mapped accounting for relative densities and velocities 

<latexit sha1_base64="E2OIw+us73nzuNy5whrmBkiiqts=">AAACB3icdVDJSgNBEO2JW4xb1KMgjUEQhGFiYqK3oBePEcwCSRh6OjVJk56F7hohhNy8+CtePCji1V/w5t/YWQQVfVDU470quut5sRQaHefDSi0sLi2vpFcza+sbm1vZ7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLid+4BaVFFN7gMIZOwHqh8AVnaCQ3u++5ira7IJG56thz29gHZHTWXOVmc45ddMrOaYE6tjPFhJwXiqUSzc+VHJmj6mbf292IJwGEyCXTupV3YuyMmELBJYwz7URDzPiA9aBlaMgC0J3R9I4xPTRKl/qRMhUinarfN0Ys0HoYeGYyYNjXv72J+JfXStA/64xEGCcIIZ895CeSYkQnodCuUMBRDg1hXAnzV8r7TDGOJrqMCeHrUvo/qZ/Y+ZJdvC7mKhfzONJkjxyQI5InZVIhV6RKaoSTO/JAnsizdW89Wi/W62w0Zc13dskPWG+f4QSZWg==</latexit>

br�r + b✓✓r

<latexit sha1_base64="+0qQ10cWM4QKOt1v+c/PzoipqTw=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0g1tnorevFYxX5AG8pmu2mXbjZhdyOU0H/gxYMiXv1H3vw3btoIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yVXmd+6pVCwSd3oaUy/EI8ECRrA20m0/HZQrju06defsFDm2M0dGLk7dWg1Vc6UCOZqD8nt/GJEkpEITjpXqVZ1YeymWmhFOZ6V+omiMyQSPaM9QgUOqvHR+6QwdGWWIgkiaEhrN1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHZx7KRNxoqkgi0VBwpGOUPY2GjJJieZTQzCRzNyKyBhLTLQJp2RC+PoU/U/aJ3a1Zrs3bqVxmcdRhAM4hGOoQh0acA1NaAGBAB7gCZ6tifVovVivi9aClc/sww9Yb5/iGo2d</latexit>

{

<latexit sha1_base64="+0qQ10cWM4QKOt1v+c/PzoipqTw=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0g1tnorevFYxX5AG8pmu2mXbjZhdyOU0H/gxYMiXv1H3vw3btoIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yVXmd+6pVCwSd3oaUy/EI8ECRrA20m0/HZQrju06defsFDm2M0dGLk7dWg1Vc6UCOZqD8nt/GJEkpEITjpXqVZ1YeymWmhFOZ6V+omiMyQSPaM9QgUOqvHR+6QwdGWWIgkiaEhrN1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHZx7KRNxoqkgi0VBwpGOUPY2GjJJieZTQzCRzNyKyBhLTLQJp2RC+PoU/U/aJ3a1Zrs3bqVxmcdRhAM4hGOoQh0acA1NaAGBAB7gCZ6tifVovVivi9aClc/sww9Yb5/iGo2d</latexit>

{
<latexit sha1_base64="ZwTPjvCvSk44+kbppcIeiFDbfME="></latexit>

bmr�m�r + b�✓�m✓r + br�ri�mvir + bKKijriv
j
r + bKrKij

rirj

r2
�r

Relative perturbations will generate genuinely NEW SPATIAL FEATURES
<latexit sha1_base64="N0rdRhoUzVihEz6UPfjniwQA/Yo="></latexit>
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These generate  VIOLATION OF EQUIVALENCE PRINCIPLE & NEW SIGNALS! 

<latexit sha1_base64="gu2PKUwimPZcLSt4CtWrW8NYafs="></latexit>

�g = b1�m +
b2
2
�2m + bK2KijK

ij + . . .

<latexit sha1_base64="VFGKieFjGIluu5yNscQ1zSANQQc=">AAACCnicdVDLSgMxFM3UV62vqks30SJUKGXG1lZ3RUFcVrAPaIchk6ZtaCYzJJlCGbp246+4caGIW7/AnX9jpp2Cih4InJxz703ucQNGpTLNTyO1tLyyupZez2xsbm3vZHf3mtIPBSYN7DNftF0kCaOcNBRVjLQDQZDnMtJyR1ex3xoTIanP79QkILaHBpz2KUZKS0728NqJuJjmu2OCo9HUsQrdnq9kYXHnJ042ZxbLZtU8K0GzaM4Qk4tSuVKBVqLkQIK6k/3QI3DoEa4wQ1J2LDNQdoSEopiRaaYbShIgPEID0tGUI49IO5qtMoXHWunBvi/04QrO1O8dEfKknHiurvSQGsrfXiz+5XVC1T+3I8qDUBGO5w/1QwaVD+NcYI8KghWbaIKwoPqvEA+RQFjp9DI6hMWm8H/SPC1alWLltpyrXSZxpMEBOAJ5YIEqqIEbUAcNgME9eATP4MV4MJ6MV+NtXpoykp598APG+xdsSprC</latexit>

Fnr(~k1, . . . ,~kn)



LSS with relative perturbations 
Looking  at scales: 

<latexit sha1_base64="J+ExVwjdHMO1xpNjzW//hWysrKs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURddFN24rGIf0IYwmU7aoZMHMzdiDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvceLBVdgWd9GYWl5ZXWtuF7a2Nza3jF391oqSiRlTRqJSHY8opjgIWsCB8E6sWQk8ARre6Orid++Z1LxKLyDccycgAxC7nNKQEuueTDCt27aA/YA6ZCIKMtqNds1y1bFmgIvEjsnZZSj4ZpfvX5Ek4CFQAVRqmtbMTgpkcCpYFmplygWEzoiA9bVNCQBU046vT7Dx1rpYz+SukLAU/X3REoCpcaBpzsDAkM1703E/7xuAv6Fk/IwToCFdLbITwSGCE+iwH0uGQUx1oRQyfWtmA6JJBR0YCUdgj3/8iJpnVbss0r1plquX+ZxFNEhOkInyEbnqI6uUQM1EUWP6Bm9ojfjyXgx3o2PWWvByGf20R8Ynz85TpUW</latexit>

kRhalo << 1 the galaxy fluctuations should be mapped accounting for relative densities and velocities 

<latexit sha1_base64="E2OIw+us73nzuNy5whrmBkiiqts=">AAACB3icdVDJSgNBEO2JW4xb1KMgjUEQhGFiYqK3oBePEcwCSRh6OjVJk56F7hohhNy8+CtePCji1V/w5t/YWQQVfVDU470quut5sRQaHefDSi0sLi2vpFcza+sbm1vZ7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLid+4BaVFFN7gMIZOwHqh8AVnaCQ3u++5ira7IJG56thz29gHZHTWXOVmc45ddMrOaYE6tjPFhJwXiqUSzc+VHJmj6mbf292IJwGEyCXTupV3YuyMmELBJYwz7URDzPiA9aBlaMgC0J3R9I4xPTRKl/qRMhUinarfN0Ys0HoYeGYyYNjXv72J+JfXStA/64xEGCcIIZ895CeSYkQnodCuUMBRDg1hXAnzV8r7TDGOJrqMCeHrUvo/qZ/Y+ZJdvC7mKhfzONJkjxyQI5InZVIhV6RKaoSTO/JAnsizdW89Wi/W62w0Zc13dskPWG+f4QSZWg==</latexit>

br�r + b✓✓r

<latexit sha1_base64="+0qQ10cWM4QKOt1v+c/PzoipqTw=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0g1tnorevFYxX5AG8pmu2mXbjZhdyOU0H/gxYMiXv1H3vw3btoIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yVXmd+6pVCwSd3oaUy/EI8ECRrA20m0/HZQrju06defsFDm2M0dGLk7dWg1Vc6UCOZqD8nt/GJEkpEITjpXqVZ1YeymWmhFOZ6V+omiMyQSPaM9QgUOqvHR+6QwdGWWIgkiaEhrN1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHZx7KRNxoqkgi0VBwpGOUPY2GjJJieZTQzCRzNyKyBhLTLQJp2RC+PoU/U/aJ3a1Zrs3bqVxmcdRhAM4hGOoQh0acA1NaAGBAB7gCZ6tifVovVivi9aClc/sww9Yb5/iGo2d</latexit>

{

<latexit sha1_base64="+0qQ10cWM4QKOt1v+c/PzoipqTw=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0g1tnorevFYxX5AG8pmu2mXbjZhdyOU0H/gxYMiXv1H3vw3btoIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yVXmd+6pVCwSd3oaUy/EI8ECRrA20m0/HZQrju06defsFDm2M0dGLk7dWg1Vc6UCOZqD8nt/GJEkpEITjpXqVZ1YeymWmhFOZ6V+omiMyQSPaM9QgUOqvHR+6QwdGWWIgkiaEhrN1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHZx7KRNxoqkgi0VBwpGOUPY2GjJJieZTQzCRzNyKyBhLTLQJp2RC+PoU/U/aJ3a1Zrs3bqVxmcdRhAM4hGOoQh0acA1NaAGBAB7gCZ6tifVovVivi9aClc/sww9Yb5/iGo2d</latexit>

{
<latexit sha1_base64="ZwTPjvCvSk44+kbppcIeiFDbfME="></latexit>

bmr�m�r + b�✓�m✓r + br�ri�mvir + bKKijriv
j
r + bKrKij

rirj

r2
�r

NEW compared to 
Schmidt 2016 

Relative perturbations will generate genuinely NEW SPATIAL FEATURES
<latexit sha1_base64="N0rdRhoUzVihEz6UPfjniwQA/Yo="></latexit>

�r(~k, a) = �f�

"
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⇣
~k �

nX

i=1

~ki
⌘
Fnr(~k1, . . . ,~kn)

#

These generate  VIOLATION OF EQUIVALENCE PRINCIPLE & NEW SIGNALS! 

<latexit sha1_base64="gu2PKUwimPZcLSt4CtWrW8NYafs="></latexit>

�g = b1�m +
b2
2
�2m + bK2KijK

ij + . . .

<latexit sha1_base64="VFGKieFjGIluu5yNscQ1zSANQQc=">AAACCnicdVDLSgMxFM3UV62vqks30SJUKGXG1lZ3RUFcVrAPaIchk6ZtaCYzJJlCGbp246+4caGIW7/AnX9jpp2Cih4InJxz703ucQNGpTLNTyO1tLyyupZez2xsbm3vZHf3mtIPBSYN7DNftF0kCaOcNBRVjLQDQZDnMtJyR1ex3xoTIanP79QkILaHBpz2KUZKS0728NqJuJjmu2OCo9HUsQrdnq9kYXHnJ042ZxbLZtU8K0GzaM4Qk4tSuVKBVqLkQIK6k/3QI3DoEa4wQ1J2LDNQdoSEopiRaaYbShIgPEID0tGUI49IO5qtMoXHWunBvi/04QrO1O8dEfKknHiurvSQGsrfXiz+5XVC1T+3I8qDUBGO5w/1QwaVD+NcYI8KghWbaIKwoPqvEA+RQFjp9DI6hMWm8H/SPC1alWLltpyrXSZxpMEBOAJ5YIEqqIEbUAcNgME9eATP4MV4MJ6MV+NtXpoykp598APG+xdsSprC</latexit>

Fnr(~k1, . . . ,~kn)



LSS with relative perturbations 
Looking  at scales: 

<latexit sha1_base64="J+ExVwjdHMO1xpNjzW//hWysrKs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIURddFN24rGIf0IYwmU7aoZMHMzdiDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvceLBVdgWd9GYWl5ZXWtuF7a2Nza3jF391oqSiRlTRqJSHY8opjgIWsCB8E6sWQk8ARre6Orid++Z1LxKLyDccycgAxC7nNKQEuueTDCt27aA/YA6ZCIKMtqNds1y1bFmgIvEjsnZZSj4ZpfvX5Ek4CFQAVRqmtbMTgpkcCpYFmplygWEzoiA9bVNCQBU046vT7Dx1rpYz+SukLAU/X3REoCpcaBpzsDAkM1703E/7xuAv6Fk/IwToCFdLbITwSGCE+iwH0uGQUx1oRQyfWtmA6JJBR0YCUdgj3/8iJpnVbss0r1plquX+ZxFNEhOkInyEbnqI6uUQM1EUWP6Bm9ojfjyXgx3o2PWWvByGf20R8Ynz85TpUW</latexit>

kRhalo << 1 the galaxy fluctuations should be mapped accounting for relative densities and velocities 

<latexit sha1_base64="E2OIw+us73nzuNy5whrmBkiiqts=">AAACB3icdVDJSgNBEO2JW4xb1KMgjUEQhGFiYqK3oBePEcwCSRh6OjVJk56F7hohhNy8+CtePCji1V/w5t/YWQQVfVDU470quut5sRQaHefDSi0sLi2vpFcza+sbm1vZ7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLid+4BaVFFN7gMIZOwHqh8AVnaCQ3u++5ira7IJG56thz29gHZHTWXOVmc45ddMrOaYE6tjPFhJwXiqUSzc+VHJmj6mbf292IJwGEyCXTupV3YuyMmELBJYwz7URDzPiA9aBlaMgC0J3R9I4xPTRKl/qRMhUinarfN0Ys0HoYeGYyYNjXv72J+JfXStA/64xEGCcIIZ895CeSYkQnodCuUMBRDg1hXAnzV8r7TDGOJrqMCeHrUvo/qZ/Y+ZJdvC7mKhfzONJkjxyQI5InZVIhV6RKaoSTO/JAnsizdW89Wi/W62w0Zc13dskPWG+f4QSZWg==</latexit>

br�r + b✓✓r

<latexit sha1_base64="+0qQ10cWM4QKOt1v+c/PzoipqTw=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0g1tnorevFYxX5AG8pmu2mXbjZhdyOU0H/gxYMiXv1H3vw3btoIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yVXmd+6pVCwSd3oaUy/EI8ECRrA20m0/HZQrju06defsFDm2M0dGLk7dWg1Vc6UCOZqD8nt/GJEkpEITjpXqVZ1YeymWmhFOZ6V+omiMyQSPaM9QgUOqvHR+6QwdGWWIgkiaEhrN1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHZx7KRNxoqkgi0VBwpGOUPY2GjJJieZTQzCRzNyKyBhLTLQJp2RC+PoU/U/aJ3a1Zrs3bqVxmcdRhAM4hGOoQh0acA1NaAGBAB7gCZ6tifVovVivi9aClc/sww9Yb5/iGo2d</latexit>

{

<latexit sha1_base64="+0qQ10cWM4QKOt1v+c/PzoipqTw=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0g1tnorevFYxX5AG8pmu2mXbjZhdyOU0H/gxYMiXv1H3vw3btoIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yVXmd+6pVCwSd3oaUy/EI8ECRrA20m0/HZQrju06defsFDm2M0dGLk7dWg1Vc6UCOZqD8nt/GJEkpEITjpXqVZ1YeymWmhFOZ6V+omiMyQSPaM9QgUOqvHR+6QwdGWWIgkiaEhrN1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHZx7KRNxoqkgi0VBwpGOUPY2GjJJieZTQzCRzNyKyBhLTLQJp2RC+PoU/U/aJ3a1Zrs3bqVxmcdRhAM4hGOoQh0acA1NaAGBAB7gCZ6tifVovVivi9aClc/sww9Yb5/iGo2d</latexit>

{
<latexit sha1_base64="ZwTPjvCvSk44+kbppcIeiFDbfME="></latexit>

bmr�m�r + b�✓�m✓r + br�ri�mvir + bKKijriv
j
r + bKrKij

rirj

r2
�r

NEW compared to 
Schmidt 2016 

Relative perturbations will generate genuinely NEW SPATIAL FEATURES
<latexit sha1_base64="N0rdRhoUzVihEz6UPfjniwQA/Yo="></latexit>

�r(~k, a) = �f�

"
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1m (a)�0(~k) +
X

n=2

DCDM
1m (a)n

Z nY

i=1

d3ki�0(~ki)

(2⇡)3
(2⇡)3�(3)

⇣
~k �

nX

i=1

~ki
⌘
Fnr(~k1, . . . ,~kn)

#

These generate  VIOLATION OF EQUIVALENCE PRINCIPLE & NEW SIGNALS! 

<latexit sha1_base64="gu2PKUwimPZcLSt4CtWrW8NYafs="></latexit>

�g = b1�m +
b2
2
�2m + bK2KijK

ij + . . .

<latexit sha1_base64="VFGKieFjGIluu5yNscQ1zSANQQc=">AAACCnicdVDLSgMxFM3UV62vqks30SJUKGXG1lZ3RUFcVrAPaIchk6ZtaCYzJJlCGbp246+4caGIW7/AnX9jpp2Cih4InJxz703ucQNGpTLNTyO1tLyyupZez2xsbm3vZHf3mtIPBSYN7DNftF0kCaOcNBRVjLQDQZDnMtJyR1ex3xoTIanP79QkILaHBpz2KUZKS0728NqJuJjmu2OCo9HUsQrdnq9kYXHnJ042ZxbLZtU8K0GzaM4Qk4tSuVKBVqLkQIK6k/3QI3DoEa4wQ1J2LDNQdoSEopiRaaYbShIgPEID0tGUI49IO5qtMoXHWunBvi/04QrO1O8dEfKknHiurvSQGsrfXiz+5XVC1T+3I8qDUBGO5w/1QwaVD+NcYI8KghWbaIKwoPqvEA+RQFjp9DI6hMWm8H/SPC1alWLltpyrXSZxpMEBOAJ5YIEqqIEbUAcNgME9eATP4MV4MJ6MV+NtXpoykp598APG+xdsSprC</latexit>

Fnr(~k1, . . . ,~kn)

2309.11496  
with Bottaro, Castorina, Costa, Salvioni 

NEW non-linear kernels 



Summary and to do list

10°2 10°1 1 10 102 103 104 105

m¡/H0

10°4

10°3

10°2

Ø

0.11101e+021e+031e+041e+05
∏s [Mpc]

<latexit sha1_base64="X/SyZ7dgY5qKN4d+N0XgYL9bXm4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU92VUj0WvfRYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5H7ud5+o0iyWj2aaUF/gkWQRI9hYqSsCfdUM3KBccavuAmideDmpQI5WUP4aDGOSCioN4Vjrvucmxs+wMoxwOisNUk0TTCZ4RPuWSiyo9rPFuTN0YZUhimJlSxq0UH9PZFhoPRWh7RTYjPWqNxf/8/qpiW79jMkkNVSS5aIo5cjEaP47GjJFieFTSzBRzN6KyBgrTIxNqGRD8FZfXied66pXr9YfapXGXR5HEc7gHC7BgxtoQBNa0AYCE3iGV3hzEufFeXc+lq0FJ585hT9wPn8AieKPEA==</latexit>

ms/H0

<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�

To appear with Bottaro, Castorina, 
Costa, Salvioni

CMB

+BAO

+EUCLID

+MegaMapper

PRELIMINARY

<latexit sha1_base64="r9FufIJ2yPC5CKcuixc7gQphLI8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM81MNqza27OdAq8QpSgwKtYfVrEMYkFVQawrHWfc9NjJ9hZRjhdFYZpJommEzwiPYtlVhQ7Wf5wjN0ZpUQRbGyTxqUq78nMiy0norAJgU2Y73szcX/vH5qoms/YzJJDZVk8VGUcmRiNL8ehUxRYvjUEkwUs7siMsYKE2M7qtgSvOWTV0nnou416o37y1rzpqijDCdwCufgwRU04Q5a0AYCAp7hFd4c5bw4787HIlpyiplj+APn8wfOaZBu</latexit>

�s

Mediator is a fraction of DM today • Full analysis with relative fluctuations  

• Extending the EFT of LSS for massive mediators 

will allow to probe other 4-5 orders of magnitude in  

mass (till                    )
<latexit sha1_base64="q9oARo1XMGiKHVhKUIsm7ysgZl0=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi1ZUU3YiIVLAPaEOYTCft0MmDmRu1xHyKGxeKuPVL3Pk3TtsstHrgwuGce7n3Hi8WXIFlfRmFhcWl5ZXiamltfWNzyyxvt1SUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2RucTv33HpOJReAvjmDkBGYTc55SAllyzPHIvT0du2gP2AOn1VZa5ZsWqWlPgv8TOSQXlaLjmZ68f0SRgIVBBlOraVgxOSiRwKlhW6iWKxYSOyIB1NQ1JwJSTTk/P8L5W+tiPpK4Q8FT9OZGSQKlx4OnOgMBQzXsT8T+vm4B/4qQ8jBNgIZ0t8hOBIcKTHHCfS0ZBjDUhVHJ9K6ZDIgkFnVZJh2DPv/yXtA6rdq1auzmq1M/yOIpoF+2hA2SjY1RHF6iBmoiie/SEXtCr8Wg8G2/G+6y1YOQzO+gXjI9vdWWUJw==</latexit>

kJ > kNL

This plan will give a clear picture of self-interaction  
of dark matter (or a fraction) well beyond the present  

extrapolated bounds from the bullet cluster
Bogorad, Graham, Ramani 2023 

In progress…

In progress…



Backup 



New Smoking guns

<latexit sha1_base64="WVy+iSAT0mFAkNuSe4cW6KY+43Q="></latexit>

�B(q, k, k0) ⇠ �f2
� log aeqB⇤CDM(q, k, k0) + f���B(q, k, k0)

<latexit sha1_base64="yqA0mKDqbhvQOXV91t/dbghLgWI="></latexit>

�P (k) ⇠ �f2
� log aeqP⇤CDM(k) + f���P (k)



New Smoking guns

<latexit sha1_base64="WVy+iSAT0mFAkNuSe4cW6KY+43Q="></latexit>

�B(q, k, k0) ⇠ �f2
� log aeqB⇤CDM(q, k, k0) + f���B(q, k, k0)

<latexit sha1_base64="yqA0mKDqbhvQOXV91t/dbghLgWI="></latexit>

�P (k) ⇠ �f2
� log aeqP⇤CDM(k) + f���P (k) Enhanced growth



New Smoking guns

<latexit sha1_base64="WVy+iSAT0mFAkNuSe4cW6KY+43Q="></latexit>

�B(q, k, k0) ⇠ �f2
� log aeqB⇤CDM(q, k, k0) + f���B(q, k, k0)

<latexit sha1_base64="yqA0mKDqbhvQOXV91t/dbghLgWI="></latexit>

�P (k) ⇠ �f2
� log aeqP⇤CDM(k) + f���P (k)

Relative densities and velocities induce       NEW SPATIAL FEATURES
+ VIOLATION OF CONSISTENCY RELATIONS

(violation of the EP)
Peloso et al 2013,  

Creminelli et al. 2013

Enhanced growth



Diego Redigolo, Light Dark World 2023 

The double tracer bispectrum

<latexit sha1_base64="zyYwoLzH5T5BHJxE528gM3qjNEE=">AAACBnicdVDLSsNAFJ34rPVVdSnCYBFchcTGVndtdeGygn1AH2EynbRDJw9mJkIJWbnxV9y4UMSt3+DOv3HSRlDRAxcO59zLvfc4IaNCGsaHtrC4tLyymlvLr29sbm0XdnZbIog4Jk0csIB3HCQIoz5pSioZ6YScIM9hpO1MLlK/fUu4oIF/I6ch6Xto5FOXYiSVZBcOei5HOK4kcTlxbHNQ610SJhF0BnGtntiFoqFbRsU4LUFDN2ZIyXnJKpehmSlFkKFhF957wwBHHvElZkiIrmmEsh8jLilmJMn3IkFChCdoRLqK+sgjoh/P3kjgkVKG0A24Kl/Cmfp9IkaeEFPPUZ0ekmPx20vFv7xuJN2zfkz9MJLEx/NFbsSgDGCaCRxSTrBkU0UQ5lTdCvEYqVykSi6vQvj6FP5PWie6Wdata6tYrWdx5MA+OATHwAQVUAVXoAGaAIM78ACewLN2rz1qL9rrvHVBy2b2wA9ob5+JApiM</latexit>

7

6
bA1 �bAB

<latexit sha1_base64="+0qQ10cWM4QKOt1v+c/PzoipqTw=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0g1tnorevFYxX5AG8pmu2mXbjZhdyOU0H/gxYMiXv1H3vw3btoIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yVXmd+6pVCwSd3oaUy/EI8ECRrA20m0/HZQrju06defsFDm2M0dGLk7dWg1Vc6UCOZqD8nt/GJEkpEITjpXqVZ1YeymWmhFOZ6V+omiMyQSPaM9QgUOqvHR+6QwdGWWIgkiaEhrN1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHZx7KRNxoqkgi0VBwpGOUPY2GjJJieZTQzCRzNyKyBhLTLQJp2RC+PoU/U/aJ3a1Zrs3bqVxmcdRhAM4hGOoQh0acA1NaAGBAB7gCZ6tifVovVivi9aClc/sww9Yb5/iGo2d</latexit>

{

The bispectrum has a pole which is zero in 
<latexit sha1_base64="d2dN8RVx8OjsXhw1zf0MuBK2ua4=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkVwVRIRdVmsCxcKFewDmlAmk0k7dDIJMzdqif0UNy4UceuXuPNvnLZZaOuBgcM553LvHD/hTIFtfxuFpeWV1bXiemljc2t7xyzvtlScSkKbJOax7PhYUc4EbQIDTjuJpDjyOW37w/rEb99TqVgs7mCUUC/CfcFCRjBoqWeW3WsdDrAL9BGy+uXNuGdW7Ko9hbVInJxUUI5Gz/xyg5ikERVAOFaq69gJeBmWwAin45KbKppgMsR92tVU4IgqL5uePrYOtRJYYSz1E2BN1d8TGY6UGkW+TkYYBmrem4j/ed0UwnMvYyJJgQoyWxSm3ILYmvRgBUxSAnykCSaS6VstMsASE9BtlXQJzvyXF0nruOqcVk9uTyq1i7yOItpHB+gIOegM1dAVaqAmIugBPaNX9GY8GS/Gu/ExixaMfGYP/YHx+QMYS5Po</latexit>

⇤CDM

Two different tracers are required 
<latexit sha1_base64="JHin4C6m143wKvezbbNjzzxRA4Y="></latexit>

�bAB ⌘ bA1 b̄
B
r � bB1 b̄

A
r

<latexit sha1_base64="SaHAY9RBnTCkNpRG186EMFrYNWE=">AAAB+3icdZDLSgMxFIYz9VbrbaxLN8EiuCoztdV2Uah147KCvUCnlEyaaUMzF5Iz0jL0Vdy4UMStL+LOtzG9CCr6Q+DnO+dwTn43ElyBZX0YqbX1jc2t9HZmZ3dv/8A8zLZUGEvKmjQUoey4RDHBA9YEDoJ1IsmI7wrWdsfX83r7nknFw+AOphHr+WQYcI9TAhr1zWzVcrADbAIJ92YOvqrW+2bOypfKlfJ5BVt5ayFt7EKpoom9Ijm0UqNvvjuDkMY+C4AKolTXtiLoJUQCp4LNMk6sWETomAxZV9uA+Ez1ksXtM3yqyQB7odQvALyg3ycS4is19V3d6RMYqd+1Ofyr1o3BK/cSHkQxsIAuF3mxwBDieRB4wCWjIKbaECq5vhXTEZGEgo4ro0P4+in+37QKefsiX7wt5mr1VRxpdIxO0Bmy0SWqoRvUQE1E0QQ9oCf0bMyMR+PFeF22pozVzBH6IePtE+aVk7w=</latexit>

= 0 if A = B

This is a test of EP: We see two different objects falling differently in the rest frame of the long-mode

A
B

A B
Creminelli et al. 2013 + many others



The BAO shift
Density and velocity perturbations can shift the BAO scale Sherwin & Zaldarriaga 2012 

<latexit sha1_base64="ZrRdK/v2agtmbnjeK4KKPEwCuFQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0Jahm0sTOCeUA2hNnJ3WTI7IOZu2JY9gNs/BUbC0Vs/QA7/8bJo9DEAwOHc85l7j1eLIVG2/62lpZXVtfWcxv5za3tnd3C3n5DR4niUOeRjFTLYxqkCKGOAiW0YgUs8CQ0veHV2G/eg9IiCu9wFEMnYP1Q+IIzNFK3UHQRHjDVA+Fj5moRuAHDAWcyvclKrgfITqhJ2WV7ArpInBkpkhlq3cKX24t4EkCIXDKt244dYydlCgWXkOXdREPM+JD1oW1oyALQnXRyTEaPjdKjfqTMC5FO1N8TKQu0HgWeSY5X1fPeWPzPayfoX3RSEcYJQsinH/mJpBjRcTO0JxRwlCNDGFfC7Er5gCnG0fSXNyU48ycvksZp2TkrV24rxerlrI4cOSRHpEQcck6q5JrUSJ1w8kieySt5s56sF+vd+phGl6zZzAH5A+vzB2xtm9Q=</latexit>

shift ⇠ O(�) Present bounds could allow a detection with future data!

However we find that 

<latexit sha1_base64="dDzKXIp/weLz1w9Y3Alx5EuJo9Y=">AAACDnicbVA9SwNBEN3zM8avqKXNYhC0CXcS1DJoY2cE8wG5GPY2c8mSvQ9258Rw5BfY+FdsLBSxtbbz37hJrtDEBwOP92aYmefFUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDU9pkGKEGooUEIzVsACT0LDG1yO/cY9KC2i8BaHMbQD1guFLzhDI3UKhy7CA6a6L3wcuVoEbsCwz5lMr0dHrgfI7k6OaadQtEv2BHSeOBkpkgzVTuHL7UY8CSBELpnWLceOsZ0yhYJLGOXdREPM+ID1oGVoyALQ7XTyzogeGqVL/UiZCpFO1N8TKQu0Hgae6Rwfq2e9sfif10rQP2+nIowThJBPF/mJpBjRcTa0KxRwlENDGFfC3Ep5nynG0SSYNyE4sy/Pk/pJyTktlW/KxcpFFkeO7JMDckQcckYq5IpUSY1w8kieySt5s56sF+vd+pi2LljZzB75A+vzB628nHg=</latexit>

shift ⇠ O(�2)

<latexit sha1_base64="8DsX8lgHBznEGyRrEMwFolAIj7M="></latexit>

Pmr =
1

2
(P� � Pb) +O(�2)

For every single fluid we can remove the gravitational force by going to the free-falling frame

NOT DETECTABLE! :(



Euclid will be competitive even without CMB!



Euclid will be competitive even without CMB!



The role of the bispectrum with k~0.1 is to fix the non-linear bias 



Can we see the pole?

1) The log-enhancement covers the pole 

2)The prominence of the pole depend on the relative BIAS 

3) Depending on the relative sign signal  is suppressed/enhanced 

An extra experimental difficulty  
is to have two very different tracers in spectroscopic surveys 



Isocurvature constraints

Hp: constant alpha


