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Earth & the Solar System
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No DM particle yetNo deviation from GR yet So far: NULL RESULT

Baudis & Profumo, PDG 2024
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Dark Matter

Plethora of particle DM models

Tim Tait’s Venn diagram

A simpler (cosmological) model emerges

<latexit sha1_base64="ThqaBQXIjGC172vTDOPIM63Ouag=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmYkJuYW9OJFiGAWSIbQ0+lJmnT3jN09Qgj5CS8eFPHq73jzb+wsguuDgsd7VVTVCxPOtPG8dyeztLyyupZdz21sbm3v5Hf3GjpOFaF1EvNYtUKsKWeS1g0znLYSRbEIOW2Gw4up37yjSrNY3phRQgOB+5JFjGBjpVZHM4GuEtLNFzy3Ujn1imX0m/iuN0MBFqh182+dXkxSQaUhHGvd9r3EBGOsDCOcTnKdVNMEkyHu07alEguqg/Hs3gk6skoPRbGyJQ2aqV8nxlhoPRKh7RTYDPRPbyr+5bVTE50FYyaT1FBJ5ouilCMTo+nzqMcUJYaPLMFEMXsrIgOsMDE2opwN4fNT9D9pnLh+yS1dFwvV80UcWTiAQzgGH8pQhUuoQR0IcLiHR3hybp0H59l5mbdmnMXMPnyD8/oBN+yQIA==</latexit>→ Mpc

<latexit sha1_base64="WgdoLykGscRaAQN8wtpSrjXDt+s=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmYkJuYW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqTi9fcOxK5dwplslv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qgwtvwqMk1RixxaIgFUTHZPY16XOJTIuxIZRJbm4lbEglZdpkkzMhfH5K/ifNM9st2aV6sVC9XMaRhSM4hlNwoQxVuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w8Qho0l</latexit>
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Cold Dark Matter: CDM

Particle-based

Wave-based

e.g. SUSY

e.g. ultralight axions



CDM: Superb fit on linear scales
<latexit sha1_base64="otWsLc2rxyAPGNkYbD1vMY554+o=">AAACa3icjZHNSgMxFIXT8a+Ov7U7dREsgqvSilSXolBciFhw2kpnkDuZVEOTzJBklDLMQ7jVJ/MhfAfT2oVTFLwQOJzvXHKTGyacadNofJSchcWl5ZXyqru2vrG5tV3Z6eo4VYR6JOax6oegKWeSeoYZTvuJoiBCTnvh6HLCe89UaRbLOzNOaCDgUbIhI2Cs1fOvbTSCh+1as96YFv5b1NCsbh8qpRs/ikkqqDSEg9aDZiMxQQbKMMJp7vqppgmQETzSgZUSBNVBNp03x4fWifAwVvZIg6fuz44MhNZjEdqkAPOk59nE/I0NUjM8CzImk9RQSb4vGqYcmxhPHo8jpigxfGwFEMXsrJg8gQJi7Be5ri/pC4mFABllfocAzzOcYd8K3MnzIr4v4Pt53C7g9jz2CtjL8/9toHtcb7bqrc5J7fxitosy2kMH6Ag10Sk6R1foFnmIoBF6RW/ovfTpVJ1dZ/876pRmPVVUKOfwC29Gu6Q=</latexit>

!

Particle/Wave DM CDM
<latexit sha1_base64="yrCdlrwHxn0FdJedxlt4L3di5rU=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCp2FGYmJuQS8eFCKYBZIh9HR6kibdM0N3jRBDvsSLB0W8+ine/Bs7i+D6oODxXhVV9YJEcA2u+25llpZXVtey67mNza3tvL2z29Bxqiir01jEqhUQzQSPWB04CNZKFCMyEKwZDM+nfvOWKc3j6AZGCfMl6Uc85JSAkbp2/hJ3+mB8iT18ldCuXXCdSuXELZbxb+I57gwFtECta791ejFNJYuACqJ123MT8MdEAaeCTXKdVLOE0CHps7ahEZFM++PZ4RN8aJQeDmNlKgI8U79OjInUeiQD0ykJDPRPbyr+5bVTCE/9MY+SFFhE54vCVGCI8TQF3OOKURAjQwhV3NyK6YAoQsFklTMhfH6K/yeNY8crOaXrYqF6togji/bRATpCHiqjKrpANVRHFKXoHj2iJ+vOerCerZd5a8ZazOyhb7BePwDiTpKh</latexit>

L ↭ 1Mpc
<latexit sha1_base64="0PMxfTOvQ53ZOSHfGG2F+HnU1Gk=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiItnZXdONCoYJ9QDuUTJppQ5PMkGSUUvspblwo4tYvceffmD4EnwcuHM65l3vvCRPOtEHo3cksLC4tr2RXc2vrG5tbbn67ruNUEVojMY9VM8SaciZpzTDDaTNRFIuQ00Y4OJv4jRuqNIvltRkmNBC4J1nECDZW6rj5C9juGesL6CMELxPScQvIK5eP0VEJ/ia+h6YogDmqHfet3Y1JKqg0hGOtWz5KTDDCyjDC6TjXTjVNMBngHm1ZKrGgOhhNTx/Dfat0YRQrW9LAqfp1YoSF1kMR2k6BTV//9CbiX14rNdFJMGIySQ2VZLYoSjk0MZzkALtMUWL40BJMFLO3QtLHChNj08rZED4/hf+T+qHnF73i1VGhcjqPIwt2wR44AD4ogQo4B1VQAwTcgnvwCJ6cO+fBeXZeZq0ZZz6zA77Bef0AxyuTFQ==</latexit>

L ↭ 100Mpc
Dust

<latexit sha1_base64="ETVwWAf0RSXdrVFiC3vW8fJKBJQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVw4zCjtbW7ohuXFewDOmPJpJk2NMkMSaZQhv6JGxeKuPVP3Pk3pg/B54ELh3Pu5d57woRRpV333cotLa+sruXXCxubW9s79u5eU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61weDX1WyMiFY3FrR4nJOCoL2hEMdJG6tq2Lwcx9BXlEN1lJ2eTrl10nWr13C1V4G/iOe4MRbBAvWu/+b0Yp5wIjRlSquO5iQ4yJDXFjEwKfqpIgvAQ9UnHUIE4UUE2u3wCj4zSg1EsTQkNZ+rXiQxxpcY8NJ0c6YH66U3Fv7xOqqOLIKMiSTUReL4oShnUMZzGAHtUEqzZ2BCEJTW3QjxAEmFtwiqYED4/hf+T5qnjlZ3yTalYu1zEkQcH4BAcAw9UQA1cgzpoAAxG4B48gicrsx6sZ+tl3pqzFjP74Bus1w8d7pNd</latexit>

ω → a→3

<latexit sha1_base64="4o/Ix9mNxcqZJQmI2iWx2OntMwA=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWAR3BiSUlu7K7pxWcE+oIllMpm0QyeTMDMRSsjGX3HjQhG3foY7/8bpQ/B54MLhnHu59x4/YVQq2343FhaXlldWC2vF9Y3NrW1zZ7ct41Rg0sIxi0XXR5IwyklLUcVINxEERT4jHX90MfE7t0RIGvNrNU6IF6EBpyHFSGmpb+67AWEKQVcMY+hKGkF0k52U875Zsq16/dSu1OBv4lj2FCUwR7NvvrlBjNOIcIUZkrLn2InyMiQUxYzkRTeVJEF4hAakpylHEZFeNn0gh0daCWAYC11cwan6dSJDkZTjyNedEVJD+dObiH95vVSFZ15GeZIqwvFsUZgyqGI4SQMGVBCs2FgThAXVt0I8RAJhpTMr6hA+P4X/k3bZcqpW9apSapzP4yiAA3AIjoEDaqABLkETtAAGObgHj+DJuDMejGfjZda6YMxn9sA3GK8fJHqWKA==</latexit>

ωε → a→2 (for pure dust)

Density

Density 
fluctuation

CDM



CDM
<latexit sha1_base64="otWsLc2rxyAPGNkYbD1vMY554+o=">AAACa3icjZHNSgMxFIXT8a+Ov7U7dREsgqvSilSXolBciFhw2kpnkDuZVEOTzJBklDLMQ7jVJ/MhfAfT2oVTFLwQOJzvXHKTGyacadNofJSchcWl5ZXyqru2vrG5tV3Z6eo4VYR6JOax6oegKWeSeoYZTvuJoiBCTnvh6HLCe89UaRbLOzNOaCDgUbIhI2Cs1fOvbTSCh+1as96YFv5b1NCsbh8qpRs/ikkqqDSEg9aDZiMxQQbKMMJp7vqppgmQETzSgZUSBNVBNp03x4fWifAwVvZIg6fuz44MhNZjEdqkAPOk59nE/I0NUjM8CzImk9RQSb4vGqYcmxhPHo8jpigxfGwFEMXsrJg8gQJi7Be5ri/pC4mFABllfocAzzOcYd8K3MnzIr4v4Pt53C7g9jz2CtjL8/9toHtcb7bqrc5J7fxitosy2kMH6Ag10Sk6R1foFnmIoBF6RW/ovfTpVJ1dZ/876pRmPVVUKOfwC29Gu6Q=</latexit>

!

Tim Tait’s DM Venn diagram

<latexit sha1_base64="0PMxfTOvQ53ZOSHfGG2F+HnU1Gk=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiItnZXdONCoYJ9QDuUTJppQ5PMkGSUUvspblwo4tYvceffmD4EnwcuHM65l3vvCRPOtEHo3cksLC4tr2RXc2vrG5tbbn67ruNUEVojMY9VM8SaciZpzTDDaTNRFIuQ00Y4OJv4jRuqNIvltRkmNBC4J1nECDZW6rj5C9juGesL6CMELxPScQvIK5eP0VEJ/ia+h6YogDmqHfet3Y1JKqg0hGOtWz5KTDDCyjDC6TjXTjVNMBngHm1ZKrGgOhhNTx/Dfat0YRQrW9LAqfp1YoSF1kMR2k6BTV//9CbiX14rNdFJMGIySQ2VZLYoSjk0MZzkALtMUWL40BJMFLO3QtLHChNj08rZED4/hf+T+qHnF73i1VGhcjqPIwt2wR44AD4ogQo4B1VQAwTcgnvwCJ6cO+fBeXZeZq0ZZz6zA77Bef0AxyuTFQ==</latexit>
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CDM
<latexit sha1_base64="otWsLc2rxyAPGNkYbD1vMY554+o=">AAACa3icjZHNSgMxFIXT8a+Ov7U7dREsgqvSilSXolBciFhw2kpnkDuZVEOTzJBklDLMQ7jVJ/MhfAfT2oVTFLwQOJzvXHKTGyacadNofJSchcWl5ZXyqru2vrG5tV3Z6eo4VYR6JOax6oegKWeSeoYZTvuJoiBCTnvh6HLCe89UaRbLOzNOaCDgUbIhI2Cs1fOvbTSCh+1as96YFv5b1NCsbh8qpRs/ikkqqDSEg9aDZiMxQQbKMMJp7vqppgmQETzSgZUSBNVBNp03x4fWifAwVvZIg6fuz44MhNZjEdqkAPOk59nE/I0NUjM8CzImk9RQSb4vGqYcmxhPHo8jpigxfGwFEMXsrJg8gQJi7Be5ri/pC4mFABllfocAzzOcYd8K3MnzIr4v4Pt53C7g9jz2CtjL8/9toHtcb7bqrc5J7fxitosy2kMH6Ag10Sk6R1foFnmIoBF6RW/ovfTpVJ1dZ/876pRmPVVUKOfwC29Gu6Q=</latexit>

!?
Tim Tait’s DM Venn diagram
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CDM
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!?
Tim Tait’s DM Venn diagram

GR extension

?
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L ↭ 100Mpc



Lovelock’s theorem

• local,  
• diffeomorphism invariant action,  
• which leads to 2nd order field equations  
• and which depends only on a metric

is a linear combination of the Einstein-Hilbert action with a cosmological constant up to a total derivative.

GR:

The only

S =
1

16⇡G

Z
d4x [R� 2⇤] + Sm[g, A]

GR extensions



Lovelock’s theorem

• local,  
• diffeomorphism invariant action,  
• which leads to 2nd order field equations  
• and which depends only on a metric

is a linear combination of the Einstein-Hilbert action with a cosmological constant up to a total derivative.

GR:

The only

S =
1

16⇡G

Z
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GR extensions

New degrees of freedom: New fields



corrections to GR

Lovelock’s theorem:
new (long-range) fields. 

-- Galileons
-- Horndeski
-- Gen. Proca
-- dRGT massive gravity
-- bi-gravity

-- Einstein-Aether

-- Ghost Condensates



New dof from extension of GR: FRLW background

<latexit sha1_base64="YlzoCaMX1MSXAPTgvFmZaBkj8u4="></latexit>

ds2 = →dt2 + a2dωx2

<latexit sha1_base64="F1BHsqnCe9+0LIQSg4luythYsiE="></latexit>

ωI(t)

RW metric

Additional dof

Generalized Friedman equation:
<latexit sha1_base64="HLhDv42bu9OamS8ofgtpW00XiBg="></latexit>

fvery complicated(a,H,ωI , ω̇I , εb, . . .) = 0

<latexit sha1_base64="tmA6fWdCTagJJFHRyaz++eEqg44=">AAACGnicjVDLSgMxFM34rPU16tJNsAiCUGaq1G6EogvrroJ9QGccMmmmDc1khiSjlKHf4cZfceNCEXfixr8x0xZRUfBAuCfn3Etyjx8zKpVlvRszs3PzC4u5pfzyyuraurmx2ZRRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWPzjN/NY1EZJG/FINY+KGqMdpQDFSWvJM+wDWrkrwGFacmMIz6Mgk9M6hI/qRLvufcnZPObkZQc8s2EVrDPg3KYAp6p756nQjnISEK8yQlB3bipWbIqEoZmSUdxJJYoQHqEc6mnIUEumm49VGcFcrXRhEQh+u4Fj9OpGiUMph6OvOEKm+/Oll4m9eJ1FBxU0pjxNFOJ48FCQMqghmOcEuFQQrNtQEYUH1XyHuI4Gw0mnm/xdCs1S0y8XyxWGhejKNIwe2wQ7YAzY4AlVQA3XQABjcgnvwCJ6MO+PBeDZeJq0zxnRmC3yD8fYB8C2dyg==</latexit>

3H2 = 8ωG
∑

I

εI + 8ωGεnew

<latexit sha1_base64="pN+yiP6zQMaLwKjtJFcgvVqNmAA=">AAACHHicjVDLSsNAFJ34rPUVdelmsAgVoSRWqhuh6KbLCvYBbQiT6aQdOpmEmYmlhHyIG3/FjQtF3LgQ/BsnbRYqCh64cDjnXu69x4sYlcqyPoyFxaXlldXCWnF9Y3Nr29zZbcswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG19lfueWCElDfqOmEXECNOTUpxgpLblmtT8IVdIXozB1E04mKTyGVdiAZVuTyVw6gpmf2xfQcs2SXbFmgH+TEsjRdM03vQXHAeEKMyRlz7Yi5SRIKIoZSYv9WJII4TEakp6mHAVEOsnsuRQeamUA/VDo4grO1K8TCQqknAae7gyQGsmfXib+5vVi5Z87CeVRrAjH80V+zKAKYZYUHFBBsGJTTRAWVN8K8QgJhJXOs/i/ENonFbtWqV2fluqXeRwFsA8OQBnY4AzUQQM0QQtgcAcewBN4Nu6NR+PFeJ23Lhj5zB74BuP9E6Shn9Y=</latexit>

ω̇new + 3H(1 + wnew)ωnew = 0consequence of Bianchi identity

see CS, PRD79, 123527 (2009) 

Fluctuations:
<latexit sha1_base64="VNY+FNSd4aRkTkkYdtW51tKqFIk="></latexit>

ωGµω = 8εGωT (known)
µω + 8εGωT (new)

µω
<latexit sha1_base64="8IsIEm8G0daJ67hh/8RH3imf/IY="></latexit>

ω
(
→µT

µ (new)
ω

)
= 0

Fluid with generic density, velocity, pressure, shear



Fairly general (but not unique)
FLRW: 

Linear Fluctuations: 

ALL MODELS including Extensions of GR

Most MODELS including many Extensions of GR

GDM - generalized dark matter
W. Hu, ApJ 506, 485 (1998)

D. Thomas, M. Kopp, C.S., S. Ilic, PRL 120, 221102 (2018 S. Ilic, M. Kopp, C.S., D. Thomas, PRD 104, 043520 (2021) 

CDM:
<latexit sha1_base64="g0y4TStkjH6WojtTKooHz6Qddls="></latexit>

w = 0 → ω ↑ a→3 <latexit sha1_base64="uWRmPlDasAqSHE7t8MhYwPbxcHE=">AAAB+nicdVDJSgNBEK2JW4zbRI9eGoPgaZhITMwhEPTiMYJZIBmGnk5P0qRnobsnEsZ8ihcPinj1S7z5N3YWwfVBweO9KqrqeTFnUtn2u5FZWV1b38hu5ra2d3b3zPx+S0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90eXMb4+pkCwKb9Qkpk6AByHzGcFKS66ZJ66sETcdMzlFNWQj5JoF26pWz+xSBf0mRcueowBLNFzzrdePSBLQUBGOpewW7Vg5KRaKEU6nuV4iaYzJCA9oV9MQB1Q66fz0KTrWSh/5kdAVKjRXv06kOJByEni6M8BqKH96M/Evr5so/9xJWRgnioZkschPOFIRmuWA+kxQovhEE0wE07ciMsQCE6XTyukQPj9F/5PWqVUsW+XrUqF+sYwjC4dwBCdQhArU4Qoa0AQCt3APj/Bk3BkPxrPxsmjNGMuZA/gG4/UD+EuTMQ==</latexit>

cs = cvis = 0
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cs = cvis = 0



Can (approximately) 

emerge on linear scales from new gravitational dof?

<latexit sha1_base64="otWsLc2rxyAPGNkYbD1vMY554+o=">AAACa3icjZHNSgMxFIXT8a+Ov7U7dREsgqvSilSXolBciFhw2kpnkDuZVEOTzJBklDLMQ7jVJ/MhfAfT2oVTFLwQOJzvXHKTGyacadNofJSchcWl5ZXyqru2vrG5tV3Z6eo4VYR6JOax6oegKWeSeoYZTvuJoiBCTnvh6HLCe89UaRbLOzNOaCDgUbIhI2Cs1fOvbTSCh+1as96YFv5b1NCsbh8qpRs/ikkqqDSEg9aDZiMxQQbKMMJp7vqppgmQETzSgZUSBNVBNp03x4fWifAwVvZIg6fuz44MhNZjEdqkAPOk59nE/I0NUjM8CzImk9RQSb4vGqYcmxhPHo8jpigxfGwFEMXsrJg8gQJi7Be5ri/pC4mFABllfocAzzOcYd8K3MnzIr4v4Pt53C7g9jz2CtjL8/9toHtcb7bqrc5J7fxitosy2kMH6Ag10Sk6R1foFnmIoBF6RW/ovfTpVJ1dZ/876pRmPVVUKOfwC29Gu6Q=</latexit>

!CDM



Can (approximately) 

emerge on linear scales from new gravitational dof?

<latexit sha1_base64="otWsLc2rxyAPGNkYbD1vMY554+o=">AAACa3icjZHNSgMxFIXT8a+Ov7U7dREsgqvSilSXolBciFhw2kpnkDuZVEOTzJBklDLMQ7jVJ/MhfAfT2oVTFLwQOJzvXHKTGyacadNofJSchcWl5ZXyqru2vrG5tV3Z6eo4VYR6JOax6oegKWeSeoYZTvuJoiBCTnvh6HLCe89UaRbLOzNOaCDgUbIhI2Cs1fOvbTSCh+1as96YFv5b1NCsbh8qpRs/ikkqqDSEg9aDZiMxQQbKMMJp7vqppgmQETzSgZUSBNVBNp03x4fWifAwVvZIg6fuz44MhNZjEdqkAPOk59nE/I0NUjM8CzImk9RQSb4vGqYcmxhPHo8jpigxfGwFEMXsrJg8gQJi7Be5ri/pC4mFABllfocAzzOcYd8K3MnzIr4v4Pt53C7g9jz2CtjL8/9toHtcb7bqrc5J7fxitosy2kMH6Ag10Sk6R1foFnmIoBF6RW/ovfTpVJ1dZ/876pRmPVVUKOfwC29Gu6Q=</latexit>

!

YES

CDM



CASE STUDY



CASE STUDY



CASE STUDY





Non-linear dynamics has not been studied



EBI not the only example

might have ghosts

(probably) will not fit smaller scales

Are there other models?



CDM
 Superb fit on scales 

modelCold dark matter + cosmological constant:



CDM
 Superb fit on scales 

modelCold dark matter + cosmological constant:

But Large-scale tensions

H0:

S8 tension

CMB lensing ‘tension’DESI: ‘evolving DE’?

Cred. V. Poulin



Small-scale ‘crisis’

• Missing satellites

• Too big to fail

• Diversity of spiral rotation curves

Same mass

Very di!erent mass distributions

Same flat rotation speed

Cred. S. McGaugh

Order of mag. Difference in surface brightness

CDM
 Superb fit on scales 

modelCold dark matter + cosmological constant:

But Large-scale tensions

H0:

S8 tension

CMB lensing ‘tension’DESI: ‘evolving DE’?

Cred. V. Poulin



RAR: Radial acceleration relation 
S. McGaugh, F. Lelli & J. Schombert, PRL 117, 201101 (2016) 

B Famaey & A. Durakovic, ArXiV: 2501.17006 

T. Mistele et al., JCAP 04, 020 (2024)



RAR: Radial acceleration relation 
S. McGaugh, F. Lelli & J. Schombert, PRL 117, 201101 (2016) 

B Famaey & A. Durakovic, ArXiV: 2501.17006 

T. Mistele et al., JCAP 04, 020 (2024)

Li et al., A&A 615, A3 (2018) 



R. Stiskalek & H. Desmond, MNRAS 525, 6130 (2023)

The RAR is a fundamental relation

• Residuals do not correlate significantly with any other quantity

• Strongest dynamical-to-baryonic relation

• Sufficient to explain all other correlations involving radial dynamics

• No other relation possesses these properties



R. Stiskalek & H. Desmond, MNRAS 525, 6130 (2023)

The RAR is a fundamental relation

• Residuals do not correlate significantly with any other quantity

• Strongest dynamical-to-baryonic relation

• Sufficient to explain all other correlations involving radial dynamics

• No other relation possesses these properties

Can we understand this in terms of:  

•Baryonic physics (e.g. feedback)

•DM physics (e.g. self-interaction, condensate)

•Deviations from GR

Navarro et al., MNRAS 471, 1841 (2017)  

Challenging view: Desmond, MNRAS 464, 4160 (2017)  
Paranjape & Sheth, MNRAS 507, 632 (2021)   

Ludlow et al., PRL 118, 161103 (2017)  

•Self-interacting DM



RAR: Radial 
acceleration relation 



RAR: Radial 
acceleration relation 

Dynamics 
follows 
baryons



<latexit sha1_base64="Wer2VRpemTeE9IPLbjJjbBUS1sU="></latexit>

ω→ ·
(
|ω→!|
a0

ω→!

)
= 4εGNϑMOND term

Derivable from an action

All models for which a MOND limit exists have this term built-in 
(either for the grav. potential or, more usually, for some other field)

<latexit sha1_base64="XFUuUIMCkBwY80heZkUL8/umsuU="></latexit>∫
d3x

(
1

4ωGN

2

3a0
|ε→!|3 + !ϑ

)

<latexit sha1_base64="cOL1hqH9eNf4RkCJs22eLte8pwA="></latexit>

|ω→!|3 =
(
|ω→!|2

)3/2
With



<latexit sha1_base64="WnrXF2VLMRFbrAmCbi5BkMapFkI="></latexit>

ω→ ·
(
f(x)ω→!

)
= 4εGNϑ

<latexit sha1_base64="tYbN2AXHVgkPwqU2Dm4lXsPxIwE="></latexit>

x → |ω↑!|
a0

Restoring Newton: 'interpolation function'

<latexit sha1_base64="TEk2hLbEtZxi1YMDmEyXnAU3nzA="></latexit>

ω→2! = 4εGNϑ

<latexit sha1_base64="Wer2VRpemTeE9IPLbjJjbBUS1sU="></latexit>

ω→ ·
(
|ω→!|
a0

ω→!

)
= 4εGNϑMOND

Newton (Poisson)

<latexit sha1_base64="6CptJ5UKreaUGwyUTOigEcPJkao=">AAACIHicjVDLSgNBEJyNrxhfiR69LAbBU0hEosegh3gKUYwJZEPone1NhszMLjOzkbDsH3jVD/BrvIlH/Ro3j4MRBQsaiqpuurvckDNtyuUPK7Oyura+kd3MbW3v7O7lC/v3OogUxRYNeKA6LmjkTGLLMMOxEyoE4XJsu6Orqd8eo9IskHdmEmJPwEAyn1EwqXTrJP18sVIqz2D/TYpkgWa/YGUdL6CRQGkoB627lXJoejEowyjHJOdEGkOgIxhgN6USBOpePDs1sY9TxbP9QKUljT1Tv0/EILSeCDftFGCG+qc3FX/zupHxL3oxk2FkUNL5Ij/itgns6d+2xxRSwycpAapYeqtNh6CAmjSdnCPxgQZCgPRip95I4nq/kSyrAwVeEjtjpLEjweWQ/DO7+9NSpVqq3pwVa5eLFLPkkByRE1Ih56RGrkmTtAglPnkkT+TZerFerTfrfd6asRYzB2QJ1ucXAWOjfw==</latexit>

}
<latexit sha1_base64="7/ITyAUDfV7jg0JnHxqBIRnn6TU=">AAACLHicjZDNSsNAFIUn/tb6r0s3g0VwVRoRdVl0UVdFwarQ1HIzuWkH5yfMTCol5D3c6gP4NG5E3PocprULFQUPDBy+cy9zOWEiuHW12os3NT0zOzdfWigvLi2vrK6tb1xanRqGLaaFNtchWBRcYctxJ/A6MQgyFHgV3p6M8qsBGsu1unDDBDsSeorHnIEr0E0cGN7rOzBG31G/u1bxq7Wx6N+mQiY66657pSDSLJWoHBNgbduvJa6TgXGcCczLQWoxAXYLPWwXVoFE28nGZ+d0pyARjbUpnnJ0TL9uZCCtHcqwmJTg+vZnNoK/Ze3UxUedjKskdajY50dxKqjTdNQBjbhB5sSwMMAML26lrA8GmCuaKgcK75iWElSUBY1mnjW6zfw77RmI8iwYIMsCBaGAPP9fd5d7Vf+genC+X6kfT1oskS2yTXaJTw5JnZySM9IijBhyTx7Io/fkPXuv3tvn6JQ32dkk3+S9fwCzS6h6</latexit>

f → 1
<latexit sha1_base64="8TG94SkC+2xHerlrXWq0l/3FCnY=">AAACJXicjVBNS8NAEN34Wetn9ehlsQieSiNSPRY91FNRsFZoQplsJnXp7ibsbtQS8iO86g/w13gTwZN/xbT2oKLgg4HHezPMzAsSwY2t19+cmdm5+YXF0lJ5eWV1bX2jsnlp4lQz7LBYxPoqAIOCK+xYbgVeJRpBBgK7wfBk7HdvUBseqws7StCXMFA84gxsIXXvqCcEdfsbVbdWn4D+TapkirN+xSl5YcxSicoyAcb03Hpi/Qy05UxgXvZSgwmwIQywV1AFEo2fTe7N6W6hhDSKdVHK0on6dSIDacxIBkWnBHttfnpj8Tevl9royM+4SlKLin0uilJBbUzHz9OQa2RWjAoCTPPiVsquQQOzRURlT+Eti6UEFWZeq51nrX47/64ONIR55t0gyzwFgYA8/192l/s1t1FrnB9Um8fTFEtkm+yQPeKSQ9Ikp+SMdAgjQ3JPHsij8+Q8Oy/O62frjDOd2SLf4Lx/APKSpPU=</latexit>

x → 1

<latexit sha1_base64="LMdB/CXiAwH4HevzpazXthaSLio=">AAACJXicjVDLSgNBEJz1GeMr6tHLYBA8haxI9Ch6iKegYB6QDaF3trMOmZldZmajYdmP8Kof4Nd4E8GTv+Im5qCiYEFDUdVNd5cfC25stfrmzM0vLC4tF1aKq2vrG5ulre2WiRLNsMkiEemODwYFV9i03ArsxBpB+gLb/vB84rdHqA2P1LUdx9iTECo+4AxsLrXvqBeG1O2Xym6lOgX9m5TJDJf9LafgBRFLJCrLBBjTdaux7aWgLWcCs6KXGIyBDSHEbk4VSDS9dHpvRvdzJaCDSOelLJ2qXydSkMaMpZ93SrA35qc3EX/zuokdnPRSruLEomKfiwaJoDaik+dpwDUyK8Y5AaZ5fitlN6CB2TyioqfwlkVSggpSr97I0nq/kX1XQw1BlnojZKmnwBeQZf/LrnVYcWuV2tVR+fRslmKB7JI9ckBcckxOyQW5JE3CyJDckwfy6Dw5z86L8/rZOufMZnbINzjvH+ErpOs=</latexit>

x → 1
<latexit sha1_base64="hFegJU3IPMp7awcsAzSqEo1I9G8=">AAACL3icjZDLSgNBEEV7fMb4SNSlm8YguAqJSHQputCVKJgoZEKo6alJGvsxdPdEwzBf4lY/wK8RN+LWv3DyWKgoeKHhcm4VXdwgFty6Wu3Vm5mdm19YLCwVl1dW10rl9Y2W1Ylh2GRaaHMTgEXBFTYddwJvYoMgA4HXwe3JKL8eoLFcqys3jLEjoad4xBm4HHXLpYj6hvf6DozRd/S+W67Uq7Wx6N+mQqa66K57BT/ULJGoHBNgbbtei10nBeM4E5gV/cRiDOwWetjOrQKJtpOOL8/oTk5CGmmTP+XomH7dSEFaO5RBPinB9e3PbAR/y9qJiw47KVdx4lCxyUdRIqjTdFQDDblB5sQwN8AMz2+lrA8GmMvLKvoK75iWElSY+qfnWXraPc++056BMEv9AbLUVxAIyLL/ddfaq9Yb1cblfuXoeNpigWyRbbJL6uSAHJEzckGahJGEPJBH8uQ9ey/em/c+GZ3xpjub5Ju8j08LP6kc</latexit>

f → x

<latexit sha1_base64="8o7ZaPDkBPCTcNHf3ka5wUY7y5E=">AAACIHicjVDLSgNBEJz1GeMr0aOXxSB4ColI9Bj0EE8hijFCNoTe2d44ODO7zMxGwrB/4FU/wK/xJh71a9w8DkYULGgoqrrp7vJjzrSpVD6chcWl5ZXV3Fp+fWNza7tQ3LnRUaIotmnEI3Xrg0bOJLYNMxxvY4UgfI4d//587HeGqDSL5LUZxdgTMJAsZBRMJl15tl8oVcuVCdy/SYnM0OoXnZwXRDQRKA3loHW3WolNz4IyjHJM816iMQZ6DwPsZlSCQN2zk1NT9yBTAjeMVFbSuBP1+4QFofVI+FmnAHOnf3pj8Tevm5jwtGeZjBODkk4XhQl3TeSO/3YDppAaPsoIUMWyW116BwqoydLJexIfaCQEyMB6jWZqG/1mOq8OFASp9YZIrSfB55Cm/8vu5qhcrZVrl8el+tksxRzZI/vkkFTJCamTC9IibUJJSB7JE3l2XpxX5815n7YuOLOZXTIH5/ML/d6jfQ==</latexit>

{
<latexit sha1_base64="50du8Naxkh3PcsEA3npai/E9ML4="></latexit>

f =
x

1 + x
e.g.



<latexit sha1_base64="WnrXF2VLMRFbrAmCbi5BkMapFkI="></latexit>

ω→ ·
(
f(x)ω→!

)
= 4εGNϑ

<latexit sha1_base64="tYbN2AXHVgkPwqU2Dm4lXsPxIwE="></latexit>

x → |ω↑!|
a0

Restoring Newton: 'interpolation function'

<latexit sha1_base64="TEk2hLbEtZxi1YMDmEyXnAU3nzA="></latexit>

ω→2! = 4εGNϑ

<latexit sha1_base64="Wer2VRpemTeE9IPLbjJjbBUS1sU="></latexit>

ω→ ·
(
|ω→!|
a0

ω→!

)
= 4εGNϑMOND

Newton (Poisson)

<latexit sha1_base64="6CptJ5UKreaUGwyUTOigEcPJkao=">AAACIHicjVDLSgNBEJyNrxhfiR69LAbBU0hEosegh3gKUYwJZEPone1NhszMLjOzkbDsH3jVD/BrvIlH/Ro3j4MRBQsaiqpuurvckDNtyuUPK7Oyura+kd3MbW3v7O7lC/v3OogUxRYNeKA6LmjkTGLLMMOxEyoE4XJsu6Orqd8eo9IskHdmEmJPwEAyn1EwqXTrJP18sVIqz2D/TYpkgWa/YGUdL6CRQGkoB627lXJoejEowyjHJOdEGkOgIxhgN6USBOpePDs1sY9TxbP9QKUljT1Tv0/EILSeCDftFGCG+qc3FX/zupHxL3oxk2FkUNL5Ij/itgns6d+2xxRSwycpAapYeqtNh6CAmjSdnCPxgQZCgPRip95I4nq/kSyrAwVeEjtjpLEjweWQ/DO7+9NSpVqq3pwVa5eLFLPkkByRE1Ih56RGrkmTtAglPnkkT+TZerFerTfrfd6asRYzB2QJ1ucXAWOjfw==</latexit>

}
<latexit sha1_base64="7/ITyAUDfV7jg0JnHxqBIRnn6TU=">AAACLHicjZDNSsNAFIUn/tb6r0s3g0VwVRoRdVl0UVdFwarQ1HIzuWkH5yfMTCol5D3c6gP4NG5E3PocprULFQUPDBy+cy9zOWEiuHW12os3NT0zOzdfWigvLi2vrK6tb1xanRqGLaaFNtchWBRcYctxJ/A6MQgyFHgV3p6M8qsBGsu1unDDBDsSeorHnIEr0E0cGN7rOzBG31G/u1bxq7Wx6N+mQiY66657pSDSLJWoHBNgbduvJa6TgXGcCczLQWoxAXYLPWwXVoFE28nGZ+d0pyARjbUpnnJ0TL9uZCCtHcqwmJTg+vZnNoK/Ze3UxUedjKskdajY50dxKqjTdNQBjbhB5sSwMMAML26lrA8GmCuaKgcK75iWElSUBY1mnjW6zfw77RmI8iwYIMsCBaGAPP9fd5d7Vf+genC+X6kfT1oskS2yTXaJTw5JnZySM9IijBhyTx7Io/fkPXuv3tvn6JQ32dkk3+S9fwCzS6h6</latexit>

f → 1
<latexit sha1_base64="8TG94SkC+2xHerlrXWq0l/3FCnY=">AAACJXicjVBNS8NAEN34Wetn9ehlsQieSiNSPRY91FNRsFZoQplsJnXp7ibsbtQS8iO86g/w13gTwZN/xbT2oKLgg4HHezPMzAsSwY2t19+cmdm5+YXF0lJ5eWV1bX2jsnlp4lQz7LBYxPoqAIOCK+xYbgVeJRpBBgK7wfBk7HdvUBseqws7StCXMFA84gxsIXXvqCcEdfsbVbdWn4D+TapkirN+xSl5YcxSicoyAcb03Hpi/Qy05UxgXvZSgwmwIQywV1AFEo2fTe7N6W6hhDSKdVHK0on6dSIDacxIBkWnBHttfnpj8Tevl9royM+4SlKLin0uilJBbUzHz9OQa2RWjAoCTPPiVsquQQOzRURlT+Eti6UEFWZeq51nrX47/64ONIR55t0gyzwFgYA8/192l/s1t1FrnB9Um8fTFEtkm+yQPeKSQ9Ikp+SMdAgjQ3JPHsij8+Q8Oy/O62frjDOd2SLf4Lx/APKSpPU=</latexit>

x → 1

<latexit sha1_base64="LMdB/CXiAwH4HevzpazXthaSLio=">AAACJXicjVDLSgNBEJz1GeMr6tHLYBA8haxI9Ch6iKegYB6QDaF3trMOmZldZmajYdmP8Kof4Nd4E8GTv+Im5qCiYEFDUdVNd5cfC25stfrmzM0vLC4tF1aKq2vrG5ulre2WiRLNsMkiEemODwYFV9i03ArsxBpB+gLb/vB84rdHqA2P1LUdx9iTECo+4AxsLrXvqBeG1O2Xym6lOgX9m5TJDJf9LafgBRFLJCrLBBjTdaux7aWgLWcCs6KXGIyBDSHEbk4VSDS9dHpvRvdzJaCDSOelLJ2qXydSkMaMpZ93SrA35qc3EX/zuokdnPRSruLEomKfiwaJoDaik+dpwDUyK8Y5AaZ5fitlN6CB2TyioqfwlkVSggpSr97I0nq/kX1XQw1BlnojZKmnwBeQZf/LrnVYcWuV2tVR+fRslmKB7JI9ckBcckxOyQW5JE3CyJDckwfy6Dw5z86L8/rZOufMZnbINzjvH+ErpOs=</latexit>

x → 1
<latexit sha1_base64="hFegJU3IPMp7awcsAzSqEo1I9G8=">AAACL3icjZDLSgNBEEV7fMb4SNSlm8YguAqJSHQputCVKJgoZEKo6alJGvsxdPdEwzBf4lY/wK8RN+LWv3DyWKgoeKHhcm4VXdwgFty6Wu3Vm5mdm19YLCwVl1dW10rl9Y2W1Ylh2GRaaHMTgEXBFTYddwJvYoMgA4HXwe3JKL8eoLFcqys3jLEjoad4xBm4HHXLpYj6hvf6DozRd/S+W67Uq7Wx6N+mQqa66K57BT/ULJGoHBNgbbtei10nBeM4E5gV/cRiDOwWetjOrQKJtpOOL8/oTk5CGmmTP+XomH7dSEFaO5RBPinB9e3PbAR/y9qJiw47KVdx4lCxyUdRIqjTdFQDDblB5sQwN8AMz2+lrA8GmMvLKvoK75iWElSY+qfnWXraPc++056BMEv9AbLUVxAIyLL/ddfaq9Yb1cblfuXoeNpigWyRbbJL6uSAHJEzckGahJGEPJBH8uQ9ey/em/c+GZ3xpjub5Ju8j08LP6kc</latexit>

f → x

<latexit sha1_base64="8o7ZaPDkBPCTcNHf3ka5wUY7y5E=">AAACIHicjVDLSgNBEJz1GeMr0aOXxSB4ColI9Bj0EE8hijFCNoTe2d44ODO7zMxGwrB/4FU/wK/xJh71a9w8DkYULGgoqrrp7vJjzrSpVD6chcWl5ZXV3Fp+fWNza7tQ3LnRUaIotmnEI3Xrg0bOJLYNMxxvY4UgfI4d//587HeGqDSL5LUZxdgTMJAsZBRMJl15tl8oVcuVCdy/SYnM0OoXnZwXRDQRKA3loHW3WolNz4IyjHJM816iMQZ6DwPsZlSCQN2zk1NT9yBTAjeMVFbSuBP1+4QFofVI+FmnAHOnf3pj8Tevm5jwtGeZjBODkk4XhQl3TeSO/3YDppAaPsoIUMWyW116BwqoydLJexIfaCQEyMB6jWZqG/1mOq8OFASp9YZIrSfB55Cm/8vu5qhcrZVrl8el+tksxRzZI/vkkFTJCamTC9IibUJJSB7JE3l2XpxX5815n7YuOLOZXTIH5/ML/d6jfQ==</latexit>

{
<latexit sha1_base64="50du8Naxkh3PcsEA3npai/E9ML4="></latexit>

f =
x

1 + x
e.g.

This can only be an effective description at best
We expect new dof to be there

Where is it coming from

Non-Fourier expandable
Non-analytic

<latexit sha1_base64="VBrhxMV/GqVhGLkjQyyoGCwQh/0=">AAACInicjVBNS8NAEN34Wetn9eglWAS9lFSkeix6qKdSwbZCE8pkM2kXdzdhd6OWkL/gVX+Av8abeBL8MaYfBxUFHww83pthZp4fc6aN47xbc/MLi0vLhZXi6tr6xuZWabujo0RRbNOIR+raB42cSWwbZjhexwpB+By7/s352O/eotIskldmFKMnYCBZyCiYsRQe3B/2t8rVijOB/Tcpkxla/ZJVcIOIJgKloRy07lWd2HgpKMMox6zoJhpjoDcwwF5OJQjUXjo5NrP3cyWww0jlJY09Ub9OpCC0Hgk/7xRghvqnNxZ/83qJCU+9lMk4MSjpdFGYcNtE9vhzO2AKqeGjnABVLL/VpkNQQE2eT9GVeEcjIUAGqdtoZmmj38y+qwMFQZa6t0hTV4LPIcv+l13nqFKtVWqXx+X62SzFAtkle+SAVMkJqZML0iJtQsmQPJBH8mQ9Wy/Wq/U2bZ2zZjM75Busj0/iD6Pp</latexit>

f(x)

not enough
<latexit sha1_base64="qqO7h8XzSHtoi7lhD1vmubmzshU=">AAACInicjVDLSgNBEJyNrxhfiR69LAbBU0hEosegh3gKEcwDsiH0znaSITOzy8xsJCz7C171A/wab+JJ8GPcTXIwomBBQ1HVTXeXG3CmTbn8YWXW1jc2t7LbuZ3dvf2DfOGwrf1QUWxRn/uq64JGziS2DDMcu4FCEC7Hjju5Sf3OFJVmvrw3swD7AkaSDRkFk0pOc8wG+WKlVJ7D/psUyRLNQcHKOp5PQ4HSUA5a9yrlwPQjUIZRjnHOCTUGQCcwwl5CJQjU/Wh+bGyfJopnD32VlDT2XP0+EYHQeibcpFOAGeufXir+5vVCM7zqR0wGoUFJF4uGIbeNb6ef2x5TSA2fJQSoYsmtNh2DAmqSfHKOxAfqCwHSi5x6I47qg0a8qo4UeHHkTJFGjgSXQxz/L7v2ealSLVXvLoq162WKWXJMTsgZqZBLUiO3pElahJIxeSRP5Nl6sV6tN+t90ZqxljNHZAXW5xdpOqQ3</latexit>

!

<latexit sha1_base64="cfKbeYDLHJs4H5QkCmqKFlj9CzM="></latexit>

|ω→!| ↑
√
|ω→!|2



New scalar 
<latexit sha1_base64="I6dWMQO+BOO2DM1s1lmlOFmSUQw="></latexit>

ω

<latexit sha1_base64="ho5anH29tsPwD9rhx0r+VuQ4gFc="></latexit>

ω→2!̃ = 4εGN
ϑs

1 + ϑs
ϖ

<latexit sha1_base64="6wIuBip2f8ePaQJNhHR66I0g/7k="></latexit>

ω→ ·
(
|ω→ε|
a0

ω→ε

)
= 4ϑGNϖ

<latexit sha1_base64="j9ncQU5QOf4YQYZ1R2afnfMSTNo="></latexit>

ω→! = ω→!̃+ ω→ε

Always Poisson

Matter follows

Always MOND

Suppose that

[Bekenstein & Milgrom 1984] -- generalized Brans-Dicke theory (subset of Horndeski)



New scalar 
<latexit sha1_base64="I6dWMQO+BOO2DM1s1lmlOFmSUQw="></latexit>

ω

<latexit sha1_base64="ho5anH29tsPwD9rhx0r+VuQ4gFc="></latexit>

ω→2!̃ = 4εGN
ϑs

1 + ϑs
ϖ

<latexit sha1_base64="6wIuBip2f8ePaQJNhHR66I0g/7k="></latexit>

ω→ ·
(
|ω→ε|
a0

ω→ε

)
= 4ϑGNϖ

<latexit sha1_base64="j9ncQU5QOf4YQYZ1R2afnfMSTNo="></latexit>

ω→! = ω→!̃+ ω→ε

Always Poisson

Matter follows

Always MOND

Spherical source: 

<latexit sha1_base64="ObFySkJ+WKNKPQqiCBzwwx/xmsY="></latexit>

|ω→!̃| = εs

1 + εs

GNM

r2

<latexit sha1_base64="8enQVuaszfCplNxlWf9TyPoRFRw="></latexit>

|ω→ε| =
↑
a0GNM

r

<latexit sha1_base64="zvMQUnGjTkC0yPMVNBHbaoZltrE="></latexit>

|ω→!| ↑ GNM

r2
+

↓
a0GNM

r
<latexit sha1_base64="9/Mm7igTfwmdzIgP7yPM5gBltv8="></latexit>

ωs → ↑

Suppose that

[Bekenstein & Milgrom 1984] -- generalized Brans-Dicke theory (subset of Horndeski)



New scalar 
<latexit sha1_base64="I6dWMQO+BOO2DM1s1lmlOFmSUQw="></latexit>

ω

<latexit sha1_base64="ho5anH29tsPwD9rhx0r+VuQ4gFc="></latexit>

ω→2!̃ = 4εGN
ϑs

1 + ϑs
ϖ

<latexit sha1_base64="6wIuBip2f8ePaQJNhHR66I0g/7k="></latexit>

ω→ ·
(
|ω→ε|
a0

ω→ε

)
= 4ϑGNϖ

<latexit sha1_base64="j9ncQU5QOf4YQYZ1R2afnfMSTNo="></latexit>

ω→! = ω→!̃+ ω→ε

Always Poisson

Matter follows

Always MOND

MOND returns to Newton trivially

Transition at the MOND radius:
<latexit sha1_base64="7hKc/R7NcGKWAVaZmnviJNnkT+A="></latexit>

rM =

√
GNM

a0

Spherical source: 

<latexit sha1_base64="ObFySkJ+WKNKPQqiCBzwwx/xmsY="></latexit>

|ω→!̃| = εs

1 + εs

GNM

r2

<latexit sha1_base64="8enQVuaszfCplNxlWf9TyPoRFRw="></latexit>

|ω→ε| =
↑
a0GNM

r

<latexit sha1_base64="zvMQUnGjTkC0yPMVNBHbaoZltrE="></latexit>

|ω→!| ↑ GNM

r2
+

↓
a0GNM

r
<latexit sha1_base64="9/Mm7igTfwmdzIgP7yPM5gBltv8="></latexit>

ωs → ↑

Suppose that

[Bekenstein & Milgrom 1984] -- generalized Brans-Dicke theory (subset of Horndeski)



New scalar 
<latexit sha1_base64="I6dWMQO+BOO2DM1s1lmlOFmSUQw="></latexit>

ω

<latexit sha1_base64="ho5anH29tsPwD9rhx0r+VuQ4gFc="></latexit>

ω→2!̃ = 4εGN
ϑs

1 + ϑs
ϖ

<latexit sha1_base64="6wIuBip2f8ePaQJNhHR66I0g/7k="></latexit>

ω→ ·
(
|ω→ε|
a0

ω→ε

)
= 4ϑGNϖ

<latexit sha1_base64="j9ncQU5QOf4YQYZ1R2afnfMSTNo="></latexit>

ω→! = ω→!̃+ ω→ε

Always Poisson

Matter follows

But this doesn't work: GR

Always MOND

MOND returns to Newton trivially

Transition at the MOND radius:
<latexit sha1_base64="7hKc/R7NcGKWAVaZmnviJNnkT+A="></latexit>

rM =

√
GNM

a0

Spherical source: 

<latexit sha1_base64="ObFySkJ+WKNKPQqiCBzwwx/xmsY="></latexit>

|ω→!̃| = εs

1 + εs

GNM

r2

<latexit sha1_base64="8enQVuaszfCplNxlWf9TyPoRFRw="></latexit>

|ω→ε| =
↑
a0GNM

r

<latexit sha1_base64="zvMQUnGjTkC0yPMVNBHbaoZltrE="></latexit>

|ω→!| ↑ GNM

r2
+

↓
a0GNM

r
<latexit sha1_base64="9/Mm7igTfwmdzIgP7yPM5gBltv8="></latexit>

ωs → ↑

Suppose that

[Bekenstein & Milgrom 1984] -- generalized Brans-Dicke theory (subset of Horndeski)



<latexit sha1_base64="e/K3JoKK390BkYA37yCu/OdV3VM="></latexit>

! = !̃+ ω



<latexit sha1_base64="e/K3JoKK390BkYA37yCu/OdV3VM="></latexit>

! = !̃+ ω



<latexit sha1_base64="e/K3JoKK390BkYA37yCu/OdV3VM="></latexit>

! = !̃+ ω



Lensing : GR extension

NR gravity
<latexit sha1_base64="gmWsBNGwUHivd4Vy6bFzCdwgQAQ="></latexit>

ω→ ·
[
f

(
|ω→!|
a0

)
ω→!

]
= 4εGNϑ

Assumption:
<latexit sha1_base64="aZQCOkfFMFOcd6E0r7i6/UUkEmM="></latexit>

! = ”

If consistent with dynamics 

this would give the right lensing 
as if DM is present

Then

doesn't work

Bekenstein-Milgrom 1984
<latexit sha1_base64="ajSBZUY/MSr5/eJnfqRHYdYg1Bc=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgxpBIbe1CKLpxGcE+oAllMp20QyeTMDMRSulvuHGhiFt/xp1/4/Qh+Dxw4XDOvdx7T5hyprTjvFu5peWV1bX8emFjc2t7p7i711RJJgltkIQnsh1iRTkTtKGZ5rSdSorjkNNWOLya+q07KhVLxK0epTSIcV+wiBGsjeT73oChC3Tie4p1iyXHrtXOnHIV/Sau7cxQggW8bvHN7yUki6nQhGOlOq6T6mCMpWaE00nBzxRNMRniPu0YKnBMVTCe3TxBR0bpoSiRpoRGM/XrxBjHSo3i0HTGWA/UT28q/uV1Mh2dB2Mm0kxTQeaLoowjnaBpAKjHJCWajwzBRDJzKyIDLDHRJqaCCeHzU/Q/aZ7absWu3JRL9ctFHHk4gEM4BheqUIdr8KABBFK4h0d4sjLrwXq2XuatOWsxsw/fYL1+AAdykRI=</latexit>

! = →”



Lensing : GR extension

NR gravity
<latexit sha1_base64="gmWsBNGwUHivd4Vy6bFzCdwgQAQ="></latexit>

ω→ ·
[
f

(
|ω→!|
a0

)
ω→!

]
= 4εGNϑ

Assumption:
<latexit sha1_base64="aZQCOkfFMFOcd6E0r7i6/UUkEmM="></latexit>

! = ”

If consistent with dynamics 

this would give the right lensing 
as if DM is present

Then

doesn't work

Bekenstein-Milgrom 1984
<latexit sha1_base64="ajSBZUY/MSr5/eJnfqRHYdYg1Bc=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgxpBIbe1CKLpxGcE+oAllMp20QyeTMDMRSulvuHGhiFt/xp1/4/Qh+Dxw4XDOvdx7T5hyprTjvFu5peWV1bX8emFjc2t7p7i711RJJgltkIQnsh1iRTkTtKGZ5rSdSorjkNNWOLya+q07KhVLxK0epTSIcV+wiBGsjeT73oChC3Tie4p1iyXHrtXOnHIV/Sau7cxQggW8bvHN7yUki6nQhGOlOq6T6mCMpWaE00nBzxRNMRniPu0YKnBMVTCe3TxBR0bpoSiRpoRGM/XrxBjHSo3i0HTGWA/UT28q/uV1Mh2dB2Mm0kxTQeaLoowjnaBpAKjHJCWajwzBRDJzKyIDLDHRJqaCCeHzU/Q/aZ7absWu3JRL9ctFHHk4gEM4BheqUIdr8KABBFK4h0d4sjLrwXq2XuatOWsxsw/fYL1+AAdykRI=</latexit>

! = →” few years & theories later



Lensing : GR extension

NR gravity
<latexit sha1_base64="gmWsBNGwUHivd4Vy6bFzCdwgQAQ="></latexit>

ω→ ·
[
f

(
|ω→!|
a0

)
ω→!

]
= 4εGNϑ

Assumption:
<latexit sha1_base64="aZQCOkfFMFOcd6E0r7i6/UUkEmM="></latexit>

! = ”

If consistent with dynamics 

this would give the right lensing 
as if DM is present

Then

doesn't work

Bekenstein-Milgrom 1984
<latexit sha1_base64="ajSBZUY/MSr5/eJnfqRHYdYg1Bc=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgxpBIbe1CKLpxGcE+oAllMp20QyeTMDMRSulvuHGhiFt/xp1/4/Qh+Dxw4XDOvdx7T5hyprTjvFu5peWV1bX8emFjc2t7p7i711RJJgltkIQnsh1iRTkTtKGZ5rSdSorjkNNWOLya+q07KhVLxK0epTSIcV+wiBGsjeT73oChC3Tie4p1iyXHrtXOnHIV/Sau7cxQggW8bvHN7yUki6nQhGOlOq6T6mCMpWaE00nBzxRNMRniPu0YKnBMVTCe3TxBR0bpoSiRpoRGM/XrxBjHSo3i0HTGWA/UT28q/uV1Mh2dB2Mm0kxTQeaLoowjnaBpAKjHJCWajwzBRDJzKyIDLDHRJqaCCeHzU/Q/aZ7absWu3JRL9ctFHHk4gEM4BheqUIdr8KABBFK4h0d4sjLrwXq2XuatOWsxsw/fYL1+AAdykRI=</latexit>

! = →” few years & theories later

(WMAP 7)Ruled out by CMB

LIGO + EM 
counterparts

Ruled out by GW

CS et al, PRL 96, 011301 (2006) 

CS & Zlonsik, PRD 96, 011301 (2006) 





C.S. & Zlosnik, PRL 127, 161302 (2021)

•Aether Scalar Tensor (AeST)

MOND CDM
<latexit sha1_base64="9pJfXwkH92FPtHFkyA5VBZaMo+8="></latexit>

!
On galactic scales On cosmological scales



<latexit sha1_base64="S8ctDv4IWxAIeJa3iCaX6W0grt4="></latexit>

S =

∫
d4x

→
↑g

16ωG̃

{
R↑ 2!↑ KB

2
FµωFµω + (2↑KB) (2J

µ↓µε↑ Y)↑ F(Y,Q)↑ ϑ(AµAµ + 1)

}
+ Sm[g]

C.S. & Zlosnik, PRL 127, 161302 (2021)

Shift symmetry:



<latexit sha1_base64="S8ctDv4IWxAIeJa3iCaX6W0grt4="></latexit>

S =

∫
d4x

→
↑g

16ωG̃

{
R↑ 2!↑ KB

2
FµωFµω + (2↑KB) (2J

µ↓µε↑ Y)↑ F(Y,Q)↑ ϑ(AµAµ + 1)

}
+ Sm[g]

C.S. & Zlosnik, PRL 127, 161302 (2021)

Tensor mode speed = 1

Shift symmetry:



<latexit sha1_base64="S8ctDv4IWxAIeJa3iCaX6W0grt4="></latexit>

S =

∫
d4x

→
↑g

16ωG̃

{
R↑ 2!↑ KB

2
FµωFµω + (2↑KB) (2J

µ↓µε↑ Y)↑ F(Y,Q)↑ ϑ(AµAµ + 1)

}
+ Sm[g]

C.S. & Zlosnik, PRL 127, 161302 (2021)

Tensor mode speed = 1

<latexit sha1_base64="l7vZpr5mjBbEorChuTUXpPcQeto="></latexit>

Fµω → ↑µAω ↓↑ωAµ
<latexit sha1_base64="11n+owyTI5pdJipbosOnotf5nyI="></latexit>

Jµ → Aω↑ωAµ

Shift symmetry:



<latexit sha1_base64="S8ctDv4IWxAIeJa3iCaX6W0grt4="></latexit>

S =

∫
d4x

→
↑g

16ωG̃

{
R↑ 2!↑ KB

2
FµωFµω + (2↑KB) (2J

µ↓µε↑ Y)↑ F(Y,Q)↑ ϑ(AµAµ + 1)

}
+ Sm[g]

C.S. & Zlosnik, PRL 127, 161302 (2021)

Tensor mode speed = 1

<latexit sha1_base64="l7vZpr5mjBbEorChuTUXpPcQeto="></latexit>

Fµω → ↑µAω ↓↑ωAµ
<latexit sha1_base64="11n+owyTI5pdJipbosOnotf5nyI="></latexit>

Jµ → Aω↑ωAµ

Matter couples only to 
<latexit sha1_base64="0QTwI24dgLUyWtNzXNhwnwx9T64="></latexit>

gµω (EEP but not SEP obeyed)

Shift symmetry:

<latexit sha1_base64="qhPh5Wvvxz3lFsvwAoBAClzYvyk=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEE3MLevEYxSyQDKGn05M06e4ZunuEMOQPvHhQxKt/5M2/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqd+644qzWJ5a8YJDQQeSBYxgo2VbrpZr1jy3Gr1zDutoN/Ed70ZSrBAvVd86/ZjkgoqDeFY647vJSbIsDKMcDopdFNNE0xGeEA7lkosqA6y2aUTdGSVPopiZUsaNFO/TmRYaD0Woe0U2Az1T28q/uV1UhOdBxmTSWqoJPNFUcqRidH0bdRnihLDx5Zgopi9FZEhVpgYG07BhvD5KfqfNE9cv+yWr09LtYtFHHk4gEM4Bh8qUIMrqEMDCERwD4/w5IycB+fZeZm35pzFzD58g/P6ATLxjdY=</latexit>

{



C.S. & Zlosnik, PRL 127, 161302 (2021)
AeST: FLRW cosmology

FLRW: no spatial gradients

Design 
<latexit sha1_base64="+qN4ZVFLjAMqVE8S8hg7rmam/AI=">AAACiXicjZHLagIxFIbj9Ga1F22X3YRKwW7EKcVKV1JBSt0o1BuOSCZGG0wyQ5JpkWFeo9v2tfo2jaOLUdrSA0l+/u8ccjjH9RlVulz+Slk7u3v7B+nDTPbo+OQ0lz/rKi+QmHSwxzzZd5EijArS0VQz0vclQdxlpOfO60veeyVSUU8864VPRhzNBJ1SjLSxHKeJESs6bXNfj3MFu1SOA/4uCmAdrXE+NXMmHg44ERozpNTQLvt6FCKpKWYkyjiBIj7CczQjQyMF4kSNwrjpCF4ZZwKnnjRHaBi7yYoQcaUW3DWZHOkXtc2W5k9sGOhpdRRS4QeaCLz6aBowqD24nACcUEmwZgsjEJbU9ArxC5IIazOnjCPIG/Y4R2ISxnOJQhg65oXtKNqkgyQdbNNGkja26dOftJmkzSj632q6NyW7Uqq0bwu1h/WS0uACXIIisMEdqIFH0AIdgIEP3sEH+LSylm1VrftVqpVa15yDjbDq31jgx5Y=</latexit>

K(Q) To give CDM
<latexit sha1_base64="otWsLc2rxyAPGNkYbD1vMY554+o=">AAACa3icjZHNSgMxFIXT8a+Ov7U7dREsgqvSilSXolBciFhw2kpnkDuZVEOTzJBklDLMQ7jVJ/MhfAfT2oVTFLwQOJzvXHKTGyacadNofJSchcWl5ZXyqru2vrG5tV3Z6eo4VYR6JOax6oegKWeSeoYZTvuJoiBCTnvh6HLCe89UaRbLOzNOaCDgUbIhI2Cs1fOvbTSCh+1as96YFv5b1NCsbh8qpRs/ikkqqDSEg9aDZiMxQQbKMMJp7vqppgmQETzSgZUSBNVBNp03x4fWifAwVvZIg6fuz44MhNZjEdqkAPOk59nE/I0NUjM8CzImk9RQSb4vGqYcmxhPHo8jpigxfGwFEMXsrJg8gQJi7Be5ri/pC4mFABllfocAzzOcYd8K3MnzIr4v4Pt53C7g9jz2CtjL8/9toHtcb7bqrc5J7fxitosy2kMH6Ag10Sk6R1foFnmIoBF6RW/ovfTpVJ1dZ/876pRmPVVUKOfwC29Gu6Q=</latexit>

! evolution for FLRW

<latexit sha1_base64="XuzF5Imy/hlLkOEDyKHamc7mqU0="></latexit>

F (Y,Q) → ↑2K(Q)

Shift-symmetric K-essence



The Scherrer model

<latexit sha1_base64="jBnb1/sGS6fEQav7S5ah/cKirRQ="></latexit>

X → gµω↑µω↑ωω ↓ ↔ω̇2

<latexit sha1_base64="MoRFlgknTbPAOIBiExWtKY6zxLQ="></latexit>

L → K2 (X +X0)
2 with

Dust solutions on FLRW



The Scherrer model

<latexit sha1_base64="jBnb1/sGS6fEQav7S5ah/cKirRQ="></latexit>

X → gµω↑µω↑ωω ↓ ↔ω̇2

<latexit sha1_base64="MoRFlgknTbPAOIBiExWtKY6zxLQ="></latexit>

L → K2 (X +X0)
2 with

Dust solutions on FLRW



The Scherrer model

Adapt to AeST setting:
<latexit sha1_base64="QBhu5iS53VFEEyfqoDbIw0Lgft0="></latexit>

X → Q = ω̇
<latexit sha1_base64="zRZEdTN36b/mz6/J6h66mFa/5LQ="></latexit>

K(Q) = K2 (Q→Q0)
2 + . . .

<latexit sha1_base64="jBnb1/sGS6fEQav7S5ah/cKirRQ="></latexit>

X → gµω↑µω↑ωω ↓ ↔ω̇2

<latexit sha1_base64="MoRFlgknTbPAOIBiExWtKY6zxLQ="></latexit>

L → K2 (X +X0)
2 with

Dust solutions on FLRW



FLRW in the Scherrer model

<latexit sha1_base64="5Nq7fp4I/YheuPC2S//+IT7Tfvg="></latexit>

dK
dQ = I0

Now Taylor expand:
<latexit sha1_base64="kkmNa1Doembp3Add9h167JdLkrM="></latexit>

dK
dQ = 2K2 (Q→Q0) + . . .

<latexit sha1_base64="o5CwrpvR58JQU2B0Z0TmbAeEdOQ="></latexit>

Q = ω̇ = Q0 +
I0/(2K2)

a3
+ . . .

Initial condition

At least two parameters:
One initial condition:

<latexit sha1_base64="FLDDdd0Y8kRMc3e+/RHc4FvNS7w="></latexit>

I0

<latexit sha1_base64="FUmDKBoD07tSnKGuYvwIZivJxVs="></latexit>

Q0
<latexit sha1_base64="QpPRFNHAo5qBO0mNhPxrUI8sSpo="></latexit>

K2



FLRW in the Scherrer model
<latexit sha1_base64="o5CwrpvR58JQU2B0Z0TmbAeEdOQ="></latexit>

Q = ω̇ = Q0 +
I0/(2K2)

a3
+ . . .

Now Taylor expand the stress-energy tensor:
<latexit sha1_base64="50kV8wy1j5bBun06/s4wwc3/Wmw="></latexit>

ω =
Q0I0
a3

+ . . .

Higgs phase: effective dust

Density

Equation of state

Adiabatic sound 
speed

<latexit sha1_base64="BUp3d5mXSiHGcx7F5dS9pxDCuGw="></latexit>

w =
w0

a3
+ . . .

<latexit sha1_base64="ETgFjWdICuwttamF3EPqX65yQzs="></latexit>

c2ad =
w0

a3
+ . . .

Late region: universal



FLRW in the Scherrer model
<latexit sha1_base64="o5CwrpvR58JQU2B0Z0TmbAeEdOQ="></latexit>

Q = ω̇ = Q0 +
I0/(2K2)

a3
+ . . .

Now Taylor expand the stress-energy tensor:
<latexit sha1_base64="50kV8wy1j5bBun06/s4wwc3/Wmw="></latexit>

ω =
Q0I0
a3

+ . . .

Higgs phase: effective dust

Density

Equation of state

Adiabatic sound 
speed

<latexit sha1_base64="BUp3d5mXSiHGcx7F5dS9pxDCuGw="></latexit>

w =
w0

a3
+ . . .

<latexit sha1_base64="ETgFjWdICuwttamF3EPqX65yQzs="></latexit>

c2ad =
w0

a3
+ . . .

Late region: universal

Early region: depends on form of 
<latexit sha1_base64="CLqM+hIwA9r9t5tmctSojIM2Z0U="></latexit>

K(Q)



Quasistatic weak-field limit

<latexit sha1_base64="HpPkHxvbJFrM1qOlglH+r4EJs/4="></latexit>

Ai = ω→iε+ (ω→↑ ϑ)i

suppressed 



Quasistatic weak-field limit

<latexit sha1_base64="HpPkHxvbJFrM1qOlglH+r4EJs/4="></latexit>

Ai = ω→iε+ (ω→↑ ϑ)i

suppressed 



Quasistatic weak-field limit
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linear fluctuations around FLRW
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C.S. & Blanchet, JCAP 11 (2024) 040
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gµω
Khronon model

Essentially a Scalar-Tensor theory

Low energy limit of Khronometric Horava-Lifshitz theory (with two functions inserted…)
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ω

Derived unit-timelike vector

Acceleration

Blanchet & Marsat (2012)

Quasistatic & Cosmological behaviour similarly to AeST
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ω

New RAR in preparation with Varasteanu, Jarvis, et al.  (Yasin, Desmond, private comm. ) 

Several bands in photometry, almost no scatter, consistent with SS & Wide binaries

Note of caution
Vărăşteanu et al, 
Mon.Not.Roy.Astron.Soc. 541, 2366 
(2025)

see also
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Hamiltonian formulation M. Bataki, C.S. & T. Zlosnik, PRD 110, 044015 (2024)

Linear Stability

Minkowski: C.S. & T. Zlosnik, PRD 106, 104041 (2022)

(Momenta of auxiliary fields + functional freedom)

6 dof (fully non-linear)4 First class constraints
4 Second class constraints

De Sitter: M. Bataki & C.S., in preparation : Cures Minkowski (linear) instability

GW modes
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Static, spherically symmetric vacuum solutions in AeST
C.S. & David Vokrouhlický, JCAP 03, 035 (2025)

Joins to cosmology

Joins to cosmology (Unphysical)

(Physical)

Strong-field regime

Two separate cases:

Lorentz transformations @ 

Reflection:

— PhD student —
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Charge Conserved current is 

Yang et al., arXiv: 2504.20144

All scalar combinations are regular at both horizons; soln can be extended through

Vector

Scalar

Reissner-Nordstrom soln (unique)

RN still unique soln,  A(r) same, Scalar charge:Simpler
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Branch I

L. Yang et al., arXiv: 2504.20144 (2025)
C.S. & D. Vokrouhlický, JCAP 03, 035 (2025)
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Branch IBranch II

Naked singularity

L. Yang et al., arXiv: 2504.20144 (2025)
C.S. & D. Vokrouhlický, JCAP 03, 035 (2025)
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Branch IBranch III:

Bad signature: - - + +

Branch II

Naked singularity

L. Yang et al., arXiv: 2504.20144 (2025)
C.S. & D. Vokrouhlický, JCAP 03, 035 (2025)
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Branch IBranch III:

Bad signature: - - + +

Branch II

Naked singularity

Branch IV:

L. Yang et al., arXiv: 2504.20144 (2025)
C.S. & D. Vokrouhlický, JCAP 03, 035 (2025)

New coordinate 



Branch IBranch III:

Bad signature: - - + +

Branch II

Naked singularity

Branch IV:

Nu
ll 

sin
gu

la
rit

y

Eling-Jacobson wormhole

Identify

C. Eling & T. Jacobson, Class.Quant.Grav. 23, 5625 (2006)

L. Yang et al., arXiv: 2504.20144 (2025)
C.S. & D. Vokrouhlický, JCAP 03, 035 (2025)

New coordinate 



Neutron stars Spherically symmetric
Slowly rotating

Reyes & Sakstein, PRD110, 084019 (2024) 

Reyes & Sakstein, arXiv: 2505.03527 

interesting to check I-Love-Q relations



N-body simulations (with O. Christiansen, C. Boehm & D. Mota)

In progress

Linear theory Milestone: 
matched lattice-based with Fourier-
mode transfer functions from 
Boltzman code 

Next stage: 

Include the 'MOND' non-linear terms



Theory Dependence on has issues

All models for which a MOND limit exists have this term built-in 
(either for the potential or, more usually, for some other field)

MOND term Non-Fourier expandable

Non-analytic

<latexit sha1_base64="iZdb5Uck2lQ5H2gfcPToAT/tLVM="></latexit>

J (Y) =

{

Function
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→ Y3/2
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→ Y
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Y → 1

<latexit sha1_base64="2Zk9TwzDXOtjfLCbLuh9PdzuIJo="></latexit>

Y → 1quasistatic:

Higgs phase incompatible with MOND
<latexit sha1_base64="IKVOpxe7UbbjpkQeo2M6OI2AVqk="></latexit>

K(Q)
Cosmology

Is there an EFT?Different field content but keep essential features



In progress

PPN parameters

Gravitational waves (additional polarisations)

De Sitter stability (to be submitted with M. Bataki)

Consistent phenomenological models for testing this paradigm further

Better model is necessary (and possible)

Should be done

Cosmological simulations (with Christiansen, Boehm & Mota)

AeST / Khronon

MOND (galaxies) ~CDM (linear cosmology)

Outlook
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Dark matter??
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<latexit sha1_base64="YgUNpVMydZ0Lagk52qUDZFgkW78="></latexit>

e.g.

hµ⌫

<latexit sha1_base64="nG1TBtahHn74IeMURniDTDzd2JA="></latexit>

'(I)

<latexit sha1_base64="qZzVf2hDdfcIV7khnyz0SoR67cg="></latexit>

↵(I)
µ

<latexit sha1_base64="Ew+kp8SQDCTnXYsao7wq8weUam4="></latexit>

Gravity

L ⇠ (@h)2 + (@')2 + (@h)(@')

<latexit sha1_base64="CjdyO2mTW8o+6evpEgVhVIO+bpY="></latexit>

e.g.

Transformations

New dof
'(I)

<latexit sha1_base64="qZzVf2hDdfcIV7khnyz0SoR67cg="></latexit>

↵(I)
µ

<latexit sha1_base64="Ew+kp8SQDCTnXYsao7wq8weUam4="></latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫

<latexit sha1_base64="vsS8VHvlE15h/YX7BvUjhoszm/I="></latexit>

Minkowski

Matterhµ⌫

<latexit sha1_base64="nG1TBtahHn74IeMURniDTDzd2JA="></latexit>

'(I)

<latexit sha1_base64="qZzVf2hDdfcIV7khnyz0SoR67cg="></latexit>

↵(I)
µ

<latexit sha1_base64="Ew+kp8SQDCTnXYsao7wq8weUam4="></latexit>

L ⇠ (@h)2 + (@')2

<latexit sha1_base64="YgUNpVMydZ0Lagk52qUDZFgkW78="></latexit>

e.g.

hµ⌫

<latexit sha1_base64="nG1TBtahHn74IeMURniDTDzd2JA="></latexit>

'(I)

<latexit sha1_base64="qZzVf2hDdfcIV7khnyz0SoR67cg="></latexit>

↵(I)
µ

<latexit sha1_base64="Ew+kp8SQDCTnXYsao7wq8weUam4="></latexit>

Gravity

L ⇠ (@h)2 + (@')2 + (@h)(@')

<latexit sha1_base64="CjdyO2mTW8o+6evpEgVhVIO+bpY="></latexit>

e.g.

Transformations



AeST: New d.o.f. Breaking of diff-invariance: preferred frame

Similar (but not identical to) for Khronon model. 
(C.S. & Blanchet )



AeST: New d.o.f. Breaking of diff-invariance: preferred frame

Mix metric perturbation with new fields 

Similar (but not identical to) for Khronon model. 
(C.S. & Blanchet )


