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Why Cold DM? 
Why DM? 
•  Many observations (varied scales): 
     CMB 
     expansion history 
     lensing 
     bullet cluster 
     rotation curves… 
•  No good alternative  
(hard to do all of the above at once) 
 

Why CDM? 
•  Seems to fit most observations 
•  WIMPs are CDM 
 
 



Why not Cold DM? 

•  Gravitational evidence only 

•  Particle not found: 
     Is there a preferred candidate? 
 

•  Small scale problems 

•  There are well motivated non- 
     CDM: WDM, FDM, EFTofLSS1 
 

•  Null test/being agnostic: 
     what do the data say? 
 

•  Do all observations require  
     same DM properties? 
 
1: breakdown of CDM paradigm on its own terms 
 



Introducing Generalised DM 

•  Background: density, pressure 
•  Perturbations: density, velocity, pressure, shear 

•  Closure equations needed for  
 
•  Introduce 3 new parameters 
    CDM recovered when all 3 are zero 
 

•  Captures WDM, FDM, EFTofLSS… and many others 

TCDM
µ⌫ = ⇢uµu⌫
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TGDM
µ⌫ = ⇢uµu⌫ + P (gµ⌫ + uµu⌫) + ⌃µ⌫
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<latexit sha1_base64="EAkXUg0WkXyr1JNnQg/KVvFxHxg=">AAAB8HicbZC7SgNBFIbPeo3xFrW0WQyCVdi10UYM2lhGMBdJljA7O5sMmZldZs4KYQn4DjYWitj6IvZ2vo2TS6GJPwx8/P85zDknTAU36HnfztLyyuraemGjuLm1vbNb2ttvmCTTlNVpIhLdColhgitWR46CtVLNiAwFa4aD63HefGDa8ETd4TBlgSQ9xWNOCVrrvhMxgSSvjbqlslfxJnIXwZ9B+fKzePEIALVu6asTJTSTTCEVxJi276UY5EQjp4KNip3MsJTQAemxtkVFJDNBPhl45B5bJ3LjRNun0J24vztyIo0ZytBWSoJ9M5+Nzf+ydobxeZBzlWbIFJ1+FGfCxcQdb+9GXDOKYmiBUM3trC7tE00o2hsV7RH8+ZUXoXFa8b2Kf+uVq1cwVQEO4QhOwIczqMIN1KAOFCQ8wQu8Otp5dt6c92npkjPrOYA/cj5+AGgZkks=</latexit><latexit sha1_base64="8j+FnPwA+8mRbR2/nAcz+MlsiNQ=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi25cVrAXaYeSyWTa0CQzJGeEMvQp3LhQRNz5Iu7diG9jello6w+Bj/8/h5xzwlRwA5737RSWlldW14rr7sbm1vZOaXevYZJMU1aniUh0KySGCa5YHTgI1ko1IzIUrBkOrsZ5855pwxN1C8OUBZL0FI85JWCtu07EBJC8NuqWyl7Fmwgvgj+D8sWHe56+fbm1bumzEyU0k0wBFcSYtu+lEOREA6eCjdxOZlhK6ID0WNuiIpKZIJ8MPMJH1olwnGj7FOCJ+7sjJ9KYoQxtpSTQN/PZ2Pwva2cQnwU5V2kGTNHpR3EmMCR4vD2OuGYUxNACoZrbWTHtE00o2Bu59gj+/MqL0Dip+F7Fv/HK1Us0VREdoEN0jHx0iqroGtVQHVEk0QN6Qs+Odh6dF+d1WlpwZj376I+c9x9ZqJO/</latexit><latexit sha1_base64="8j+FnPwA+8mRbR2/nAcz+MlsiNQ=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi25cVrAXaYeSyWTa0CQzJGeEMvQp3LhQRNz5Iu7diG9jello6w+Bj/8/h5xzwlRwA5737RSWlldW14rr7sbm1vZOaXevYZJMU1aniUh0KySGCa5YHTgI1ko1IzIUrBkOrsZ5855pwxN1C8OUBZL0FI85JWCtu07EBJC8NuqWyl7Fmwgvgj+D8sWHe56+fbm1bumzEyU0k0wBFcSYtu+lEOREA6eCjdxOZlhK6ID0WNuiIpKZIJ8MPMJH1olwnGj7FOCJ+7sjJ9KYoQxtpSTQN/PZ2Pwva2cQnwU5V2kGTNHpR3EmMCR4vD2OuGYUxNACoZrbWTHtE00o2Bu59gj+/MqL0Dip+F7Fv/HK1Us0VREdoEN0jHx0iqroGtVQHVEk0QN6Qs+Odh6dF+d1WlpwZj376I+c9x9ZqJO/</latexit><latexit sha1_base64="Pg1mxSMWc7NKQRAIoqfLqh0hmko=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2WhJtLDER0MCF7O0NsGF377K7Z0Iu/AobC42x9efY+W9c4AoFXzLJy3szmZkXpYIb6/vfXmltfWNzq7xd2dnd2z+oHh61TZJphi2WiEQ/RNSg4ApblluBD6lGKiOBnWh8M/M7T6gNT9S9naQYSjpUfMAZtU567MUoLM2b03615tf9OcgqCQpSgwLNfvWrFycsk6gsE9SYbuCnNsyptpwJnFZ6mcGUsjEdYtdRRSWaMJ8fPCVnTonJINGulCVz9fdETqUxExm5TkntyCx7M/E/r5vZwVWYc5VmFhVbLBpkgtiEzL4nMdfIrJg4Qpnm7lbCRlRTZl1GFRdCsPzyKmlf1AO/Htz5tcZ1EUcZTuAUziGAS2jALTShBQwkPMMrvHnae/HevY9Fa8krZo7hD7zPH/jSkH4=</latexit> ⌃

<latexit sha1_base64="vrRUjjX/ivtT3IBNQXaTlwueme0=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lRHOBZAmzk9lkzFyWmVkhhICPYGOhiK2PYm/n2zi5FJr4w8DH/5/DnHPilDNjg+Dbyy0tr6yu5df9jc2t7Z3C7l7NqEwTWiWKK92IsaGcSVq1zHLaSDXFIua0Hvevxnn9gWrDlLyzg5RGAnclSxjB1lm11i3rCtwuFINSMBFahHAGxYtP//wRACrtwlero0gmqLSEY2OaYZDaaIi1ZYTTkd/KDE0x6eMubTqUWFATDSfTjtCRczooUdo9adHE/d0xxMKYgYhdpcC2Z+azsflf1sxschYNmUwzSyWZfpRkHFmFxqujDtOUWD5wgIlmblZEelhjYt2BfHeEcH7lRaidlMKgFN4ExfIlTJWHAziEYwjhFMpwDRWoAoF7eIIXePWU9+y9ee/T0pw369mHP/I+fgDZV5DM</latexit><latexit sha1_base64="qNHXMkkXPK/y/uyR48bX6bhVuh8=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lRHOBZAmzk9lkzFyWmVkhhLyDjYUiNhY+ir2N+DZOEgtN/GHg4//PYc45ccqZsUHw5eUWFpeWV/Kr/tr6xuZWYXunZlSmCa0SxZVuxNhQziStWmY5baSaYhFzWo/7F+O8fke1YUre2EFKI4G7kiWMYOusWuuadQVuF4pBKZgIzUP4A8Wzd/80ff30K+3CR6ujSCaotIRjY5phkNpoiLVlhNOR38oMTTHp4y5tOpRYUBMNJ9OO0IFzOihR2j1p0cT93THEwpiBiF2lwLZnZrOx+V/WzGxyEg2ZTDNLJZl+lGQcWYXGq6MO05RYPnCAiWZuVkR6WGNi3YF8d4RwduV5qB2VwqAUXgXF8jlMlYc92IdDCOEYynAJFagCgVu4h0d48pT34D17L9PSnPfTswt/5L19A8rmkkA=</latexit><latexit sha1_base64="qNHXMkkXPK/y/uyR48bX6bhVuh8=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lRHOBZAmzk9lkzFyWmVkhhLyDjYUiNhY+ir2N+DZOEgtN/GHg4//PYc45ccqZsUHw5eUWFpeWV/Kr/tr6xuZWYXunZlSmCa0SxZVuxNhQziStWmY5baSaYhFzWo/7F+O8fke1YUre2EFKI4G7kiWMYOusWuuadQVuF4pBKZgIzUP4A8Wzd/80ff30K+3CR6ujSCaotIRjY5phkNpoiLVlhNOR38oMTTHp4y5tOpRYUBMNJ9OO0IFzOihR2j1p0cT93THEwpiBiF2lwLZnZrOx+V/WzGxyEg2ZTDNLJZl+lGQcWYXGq6MO05RYPnCAiWZuVkR6WGNi3YF8d4RwduV5qB2VwqAUXgXF8jlMlYc92IdDCOEYynAJFagCgVu4h0d48pT34D17L9PSnPfTswt/5L19A8rmkkA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="TZWxfIYvHvVOgRgJaGLie1XDiJ0=">AAAB4nicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy4r2ge0Q8mkd9rYPIYkI5Sh/8GNC0X8Ue78N6aPhbYeCHyck5B7T5IJbl0Yfgcbm1vbO7ulvfJ+5eDwqHpcaVmdG4ZNpoU2nYRaFFxh03EnsJMZpDIR2E7Gt7O8/YzGcq0e3STDWNKh4iln1Hmr1XvgQ0n71VpYD+ci6xAtoQZLNfrVr95As1yickxQa7tRmLm4oMZxJnBa7uUWM8rGdIhdj4pKtHExn3ZKzr0zIKk2/ihH5u7vFwWV1k5k4m9K6kZ2NZuZ/2Xd3KXXccFVljtUbPFRmgviNJmtTgbcIHNi4oEyw/2shI2oocz5gsq+hGh15XVoXdajsB7dh1CCUziDC4jgCm7gDhrQBAZP8AJv8B7o4DX4WNS1ESx7O4E/Cj5/AEFSjas=</latexit><latexit sha1_base64="TZWxfIYvHvVOgRgJaGLie1XDiJ0=">AAAB4nicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy4r2ge0Q8mkd9rYPIYkI5Sh/8GNC0X8Ue78N6aPhbYeCHyck5B7T5IJbl0Yfgcbm1vbO7ulvfJ+5eDwqHpcaVmdG4ZNpoU2nYRaFFxh03EnsJMZpDIR2E7Gt7O8/YzGcq0e3STDWNKh4iln1Hmr1XvgQ0n71VpYD+ci6xAtoQZLNfrVr95As1yickxQa7tRmLm4oMZxJnBa7uUWM8rGdIhdj4pKtHExn3ZKzr0zIKk2/ihH5u7vFwWV1k5k4m9K6kZ2NZuZ/2Xd3KXXccFVljtUbPFRmgviNJmtTgbcIHNi4oEyw/2shI2oocz5gsq+hGh15XVoXdajsB7dh1CCUziDC4jgCm7gDhrQBAZP8AJv8B7o4DX4WNS1ESx7O4E/Cj5/AEFSjas=</latexit><latexit sha1_base64="lvYY+ORhScWnVjItk/6ejA8PjY0=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9j1osegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuurvilDNjg+DbK62tb2xulbcrO7t7+wf+4VHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9vZn77iWrDlHywk5RGAg8lSxjB1kmt3j0bCtz3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHIV5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvgmr9uoijDCdwCucQwiXU4RYa0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8Aah+O/w==</latexit><latexit sha1_base64="lvYY+ORhScWnVjItk/6ejA8PjY0=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9j1osegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuurvilDNjg+DbK62tb2xulbcrO7t7+wf+4VHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9vZn77iWrDlHywk5RGAg8lSxjB1kmt3j0bCtz3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHIV5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvgmr9uoijDCdwCucQwiXU4RYa0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8Aah+O/w==</latexit><latexit sha1_base64="qNHXMkkXPK/y/uyR48bX6bhVuh8=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lRHOBZAmzk9lkzFyWmVkhhLyDjYUiNhY+ir2N+DZOEgtN/GHg4//PYc45ccqZsUHw5eUWFpeWV/Kr/tr6xuZWYXunZlSmCa0SxZVuxNhQziStWmY5baSaYhFzWo/7F+O8fke1YUre2EFKI4G7kiWMYOusWuuadQVuF4pBKZgIzUP4A8Wzd/80ff30K+3CR6ujSCaotIRjY5phkNpoiLVlhNOR38oMTTHp4y5tOpRYUBMNJ9OO0IFzOihR2j1p0cT93THEwpiBiF2lwLZnZrOx+V/WzGxyEg2ZTDNLJZl+lGQcWYXGq6MO05RYPnCAiWZuVkR6WGNi3YF8d4RwduV5qB2VwqAUXgXF8jlMlYc92IdDCOEYynAJFagCgVu4h0d48pT34D17L9PSnPfTswt/5L19A8rmkkA=</latexit><latexit sha1_base64="qNHXMkkXPK/y/uyR48bX6bhVuh8=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lRHOBZAmzk9lkzFyWmVkhhLyDjYUiNhY+ir2N+DZOEgtN/GHg4//PYc45ccqZsUHw5eUWFpeWV/Kr/tr6xuZWYXunZlSmCa0SxZVuxNhQziStWmY5baSaYhFzWo/7F+O8fke1YUre2EFKI4G7kiWMYOusWuuadQVuF4pBKZgIzUP4A8Wzd/80ff30K+3CR6ujSCaotIRjY5phkNpoiLVlhNOR38oMTTHp4y5tOpRYUBMNJ9OO0IFzOihR2j1p0cT93THEwpiBiF2lwLZnZrOx+V/WzGxyEg2ZTDNLJZl+lGQcWYXGq6MO05RYPnCAiWZuVkR6WGNi3YF8d4RwduV5qB2VwqAUXgXF8jlMlYc92IdDCOEYynAJFagCgVu4h0d48pT34D17L9PSnPfTswt/5L19A8rmkkA=</latexit><latexit sha1_base64="qNHXMkkXPK/y/uyR48bX6bhVuh8=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lRHOBZAmzk9lkzFyWmVkhhLyDjYUiNhY+ir2N+DZOEgtN/GHg4//PYc45ccqZsUHw5eUWFpeWV/Kr/tr6xuZWYXunZlSmCa0SxZVuxNhQziStWmY5baSaYhFzWo/7F+O8fke1YUre2EFKI4G7kiWMYOusWuuadQVuF4pBKZgIzUP4A8Wzd/80ff30K+3CR6ujSCaotIRjY5phkNpoiLVlhNOR38oMTTHp4y5tOpRYUBMNJ9OO0IFzOihR2j1p0cT93THEwpiBiF2lwLZnZrOx+V/WzGxyEg2ZTDNLJZl+lGQcWYXGq6MO05RYPnCAiWZuVkR6WGNi3YF8d4RwduV5qB2VwqAUXgXF8jlMlYc92IdDCOEYynAJFagCgVu4h0d48pT34D17L9PSnPfTswt/5L19A8rmkkA=</latexit><latexit sha1_base64="qNHXMkkXPK/y/uyR48bX6bhVuh8=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lRHOBZAmzk9lkzFyWmVkhhLyDjYUiNhY+ir2N+DZOEgtN/GHg4//PYc45ccqZsUHw5eUWFpeWV/Kr/tr6xuZWYXunZlSmCa0SxZVuxNhQziStWmY5baSaYhFzWo/7F+O8fke1YUre2EFKI4G7kiWMYOusWuuadQVuF4pBKZgIzUP4A8Wzd/80ff30K+3CR6ujSCaotIRjY5phkNpoiLVlhNOR38oMTTHp4y5tOpRYUBMNJ9OO0IFzOihR2j1p0cT93THEwpiBiF2lwLZnZrOx+V/WzGxyEg2ZTDNLJZl+lGQcWYXGq6MO05RYPnCAiWZuVkR6WGNi3YF8d4RwduV5qB2VwqAUXgXF8jlMlYc92IdDCOEYynAJFagCgVu4h0d48pT34D17L9PSnPfTswt/5L19A8rmkkA=</latexit><latexit sha1_base64="lvYY+ORhScWnVjItk/6ejA8PjY0=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9j1osegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuurvilDNjg+DbK62tb2xulbcrO7t7+wf+4VHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9vZn77iWrDlHywk5RGAg8lSxjB1kmt3j0bCtz3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHIV5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvgmr9uoijDCdwCucQwiXU4RYa0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8Aah+O/w==</latexit>

c2vis
<latexit sha1_base64="lIlGyhPZdK57DApqVdaxQi0IYXA=">AAAB9XicbVC5TgMxEJ3lDOEKUNJYREipot00UEaioQyIHFIueR1vYsXrXdmzgWiV/6ChACFa/oUOKj4F5ygg4UkjPb03o5l5fiyFQdf9dNbWNza3tjM72d29/YPD3NFxzUSJZrzKIhnphk8Nl0LxKgqUvBFrTkNf8ro/vJr69RHXRkTqDscxb4e0r0QgGEUrdVin1G0hf8B0JMykm8u7RXcGskq8BcmXS4WvbwCodHMfrV7EkpArZJIa0/TcGNsp1SiY5JNsKzE8pmxI+7xpqaIhN+10dvWEnFulR4JI21JIZurviZSGxoxD33aGFAdm2ZuK/3nNBIPLdipUnCBXbL4oSCTBiEwjID2hOUM5toQyLeythA2opgxtUFkbgrf88iqplYqeW/RubBq3MEcGTuEMCuDBBZThGipQBQYaHuEZXpx758l5dd7mrWvOYuYE/sB5/wENkJUj</latexit><latexit sha1_base64="a8+ary8JZSK94+LYBugWtgV6Tkw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eFoOQU9jNRY8BLx6jmAckmzA76SRDZmeXmd5oWPIfXjwo4tWfED/Am14Fv8PJ46CJBQ1FVTfdXX4kuEbH+bBSK6tr6xvpzczW9s7uXnb/oKrDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATV/cD7xa0NQmofyGkcReAHtSd7ljKKRWqxVbDcRbjEZcj1uZ3NOwZnCXibunORKxfzn1/frW7mdfW92QhYHIJEJqnXDdSL0EqqQMwHjTDPWEFE2oD1oGCppANpLpleP7ROjdOxuqExJtKfq74mEBlqPAt90BhT7etGbiP95jRi7Z17CZRQjSDZb1I2FjaE9icDucAUMxcgQyhQ3t9qsTxVlaILKmBDcxZeXSbVYcJ2Ce2nSuCIzpMkROSZ54pJTUiIXpEwqhBFF7sgDebRurHvryXqetaas+cwh+QPr5QdThZeW</latexit><latexit sha1_base64="a8+ary8JZSK94+LYBugWtgV6Tkw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eFoOQU9jNRY8BLx6jmAckmzA76SRDZmeXmd5oWPIfXjwo4tWfED/Am14Fv8PJ46CJBQ1FVTfdXX4kuEbH+bBSK6tr6xvpzczW9s7uXnb/oKrDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATV/cD7xa0NQmofyGkcReAHtSd7ljKKRWqxVbDcRbjEZcj1uZ3NOwZnCXibunORKxfzn1/frW7mdfW92QhYHIJEJqnXDdSL0EqqQMwHjTDPWEFE2oD1oGCppANpLpleP7ROjdOxuqExJtKfq74mEBlqPAt90BhT7etGbiP95jRi7Z17CZRQjSDZb1I2FjaE9icDucAUMxcgQyhQ3t9qsTxVlaILKmBDcxZeXSbVYcJ2Ce2nSuCIzpMkROSZ54pJTUiIXpEwqhBFF7sgDebRurHvryXqetaas+cwh+QPr5QdThZeW</latexit><latexit sha1_base64="WZS+q7ArqShBwCgE2x58JHO7Ht8=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrLTQBmJhjIg8pDy0vmyTk45n627dSCy8h80FCBEy7/Q8TdcEheQMNJKo5ld7e74sRQGXffbyW1sbm3v5HcLe/sHh0fF45OGiRLNoc4jGemWzwxIoaCOAiW0Yg0s9CU0/fHN3G9OQBsRqQecxtAN2VCJQHCGVurxXqXfQXjCdCLMrF8suWV3AbpOvIyUSIZav/jVGUQ8CUEhl8yYtufG2E2ZRsElzAqdxEDM+JgNoW2pYiGYbrq4ekYvrDKgQaRtKaQL9fdEykJjpqFvO0OGI7PqzcX/vHaCwXU3FSpOEBRfLgoSSTGi8wjoQGjgKKeWMK6FvZXyEdOMow2qYEPwVl9eJ41K2XPL3p1bqt5nceTJGTknl8QjV6RKbkmN1AknmjyTV/LmPDovzrvzsWzNOdnMKfkD5/MH6bSSzw==</latexit>

c2s
<latexit sha1_base64="g8qa4BK22gpm4p+av3skIXA62ds=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoOQKtylMWXAxjKK+YDkDHubuWTJ3t6xuyeEIz/CxkIRW3+PnVb+FDcfhSY+GHi8N8PMvCARXBvX/XRyG5tb2zv53cLe/sHhUfH4pKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMbz+g0jyWd2aSoB/RoeQhZ9RYqc3uq/1MT/vFkltx5yDrxFuSUr1a/voGgEa/+NEbxCyNUBomqNZdz02Mn1FlOBM4LfRSjQllYzrErqWSRqj9bH7ulFxYZUDCWNmShszV3xMZjbSeRIHtjKgZ6VVvJv7ndVMT1vyMyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2BC81ZfXSata8dyKd2PTuIUF8nAG51AGDy6hDtfQgCYwGMMjPMOLkzhPzqvztmjNOcuZU/gD5/0HY2GR3Q==</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="NqiZwp3cO9FOhMmr2mSI1YfohO4=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9EjixSMaCyRQyXbZwobtttmdmpCGH+HFg8Z49fd489+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxn2WyER3Q2q4FIr7KFDybqo5jUPJO+HkZu53nrg2IlEPOE15ENOREpFgFK3UYY+NQW5mg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBfnzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swug5yodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81ZfXSbtR99y6d+fWmvdFHGU4g3O4BA+uoAm30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AT+Uj4k=</latexit>

w
<latexit sha1_base64="jy7Qj19WGXeu0T7EHNi02ZXKbEE=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2FgmYh6QhLC3mUvW7O0du3tKOAL2NhaK2Pon2Yj/jZtHoYkfLPz4vhl2ZoJEcG0879tZWl5ZXVvPbbibW9s7u/m9/ZqOU8WwymIRq0ZANQousWq4EdhIFNIoEFgPBlfjvH6PSvNY3pphgu2I9iQPOaPGWpWHTr7gFb2JyCL4MyhcfrkXjwBQ7uQ/W92YpRFKwwTVuul7iWlnVBnOBI7cVqoxoWxAe9i0KGmEup1NBh2RY+t0SRgr+6QhE/d3R0YjrYdRYCsjavp6Phub/2XN1ITn7YzLJDUo2fSjMBXExGS8NelyhcyIoQXKFLezEtanijJjb+PaI/jzKy9C7bToe0W/4hVKNzBVDg7hCE7AhzMowTWUoQoMEJ7gBV6dO+fZeXPep6VLzqznAP7I+fgBbTyO5A==</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="R24YjQwTHCDIvht4KKSuwJwTni4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UpLYWIKRjwQuZG+Zg5W9vcvunoZc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+W9mSboR3QkecgZNVZqPg3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/WabqV+l8dRhDM4h0vw4BrqcAsNaAEDhGd4hTfnwXlx3p2PZWvByWdO4Q+czx/oRY0H</latexit>

Simple, model-independent, covers lots of alternatives 
 

Hu 1998 
 

 



Phenomenology of w
<latexit sha1_base64="jy7Qj19WGXeu0T7EHNi02ZXKbEE=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2FgmYh6QhLC3mUvW7O0du3tKOAL2NhaK2Pon2Yj/jZtHoYkfLPz4vhl2ZoJEcG0879tZWl5ZXVvPbbibW9s7u/m9/ZqOU8WwymIRq0ZANQousWq4EdhIFNIoEFgPBlfjvH6PSvNY3pphgu2I9iQPOaPGWpWHTr7gFb2JyCL4MyhcfrkXjwBQ7uQ/W92YpRFKwwTVuul7iWlnVBnOBI7cVqoxoWxAe9i0KGmEup1NBh2RY+t0SRgr+6QhE/d3R0YjrYdRYCsjavp6Phub/2XN1ITn7YzLJDUo2fSjMBXExGS8NelyhcyIoQXKFLezEtanijJjb+PaI/jzKy9C7bToe0W/4hVKNzBVDg7hCE7AhzMowTWUoQoMEJ7gBV6dO+fZeXPep6VLzqznAP7I+fgBbTyO5A==</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="R24YjQwTHCDIvht4KKSuwJwTni4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UpLYWIKRjwQuZG+Zg5W9vcvunoZc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+W9mSboR3QkecgZNVZqPg3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/WabqV+l8dRhDM4h0vw4BrqcAsNaAEDhGd4hTfnwXlx3p2PZWvByWdO4Q+czx/oRY0H</latexit>
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Changes evolution of background DM density 
•  Distance to last-scattering->peak location; degeneracy with  
•  Matter-radiation equality-> peak heights; degeneracy with  

H0
<latexit sha1_base64="YbDDoCqj0v7MK0b+kwi1o/NgCbo=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7Gy2DNikTNB+QHHFvs5cs2ds7dueEcOQn2FgoYusvsrPxt7j5KDTxwcDjvRlm5gWJFAZd98vJra1vbG7ltws7u3v7B8XDo6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ79VuPXBsRq3scJ9yP6ECJUDCKVrqr9txeseSW3RnIKvEWpFQ5qX8/AECtV/zs9mOWRlwhk9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns1Ak5t0qfhLG2pZDM1N8TGY2MGUeB7YwoDs2yNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06BRuCt/zyKmlelj237NVtGjcwRx5O4QwuwIMrqEAVatAABgN4ghd4daTz7Lw57/PWnLOYOYY/cD5+AE5kj1A=</latexit><latexit sha1_base64="gGr/W1FlkB6yc2J6FXNOj+IhPQs=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZYhNikTNA9IljA7mSRDZmeXmbtCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4JYCoOu++Vk1tY3Nrey27md3b39g/zhUcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s17ro2I1B2OY+6HdKBEXzCKVrqtdN1uvuAW3RnIKvEWpFA6qX2L9/JHtZv/7PQiloRcIZPUmLbnxuinVKNgkk9yncTwmLIRHfC2pYqG3Pjp7NQJObdKj/QjbUshmam/J1IaGjMOA9sZUhyaZW8q/ue1E+xf+6lQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo08nZELzll1dJ47LouUWvZtMowxxZOIUzuAAPrqAEFahCHRgM4AGe4NmRzqPz4rzOWzPOYuYY/sB5+wGfpZEM</latexit><latexit sha1_base64="gGr/W1FlkB6yc2J6FXNOj+IhPQs=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZYhNikTNA9IljA7mSRDZmeXmbtCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4JYCoOu++Vk1tY3Nrey27md3b39g/zhUcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s17ro2I1B2OY+6HdKBEXzCKVrqtdN1uvuAW3RnIKvEWpFA6qX2L9/JHtZv/7PQiloRcIZPUmLbnxuinVKNgkk9yncTwmLIRHfC2pYqG3Pjp7NQJObdKj/QjbUshmam/J1IaGjMOA9sZUhyaZW8q/ue1E+xf+6lQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo08nZELzll1dJ47LouUWvZtMowxxZOIUzuAAPrqAEFahCHRgM4AGe4NmRzqPz4rzOWzPOYuYY/sB5+wGfpZEM</latexit><latexit sha1_base64="YElW8VAnLuIy7jKhQWQj4/+h3XE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZstAzapIxoPiA5wt5mkizZ2zt294Rw5CfYWChi6y+y89+4Sa7QxAcDj/dmmJkXJlIYS+m3V9jY3NreKe6W9vYPDo/KxyctE6eaY5PHMtadkBmUQmHTCiuxk2hkUSixHU7u5n77CbURsXq00wSDiI2UGArOrJMe6n3aL1dolS5A1omfkwrkaPTLX71BzNMIleWSGdP1aWKDjGkruMRZqZcaTBifsBF2HVUsQhNki1Nn5MIpAzKMtStlyUL9PZGxyJhpFLrOiNmxWfXm4n9eN7XDmyATKkktKr5cNEwlsTGZ/00GQiO3cuoI41q4WwkfM824demUXAj+6svrpHVV9WnVv6eV2m0eRxHO4BwuwYdrqEEdGtAEDiN4hld486T34r17H8vWgpfPnMIfeJ8/v72Naw==</latexit>

⌦DM
<latexit sha1_base64="10Mn7IcJP9Lz6dStX94fqYt11YE=">AAAB+XicbVC7SgNREJ2Nrxhfq4KNzWIQrMKujZZBLWzEBMwDkhDv3kySS+4+uHc2GJb8iY2FIrb+iZ2N3+JNYqGJBwYO58wwM8ePpdDkup9WZml5ZXUtu57b2Nza3rF396o6ShTHCo9kpOo+0yhFiBUSJLEeK2SBL7HmDy4nfm2ISosovKNRjK2A9ULRFZyRkdq23bwNsMfaTcIHSq9uxm077xbcKZxF4v2QfPGg/HUPAKW2/dHsRDwJMCQumdYNz42plTJFgksc55qJxpjxAethw9CQBahb6fTysXNslI7TjZSpkJyp+nsiZYHWo8A3nQGjvp73JuJ/XiOh7nkrFWGcEIZ8tqibSIciZxKD0xEKOcmRIYwrYW51eJ8pxsmElTMhePMvL5LqacFzC17ZpHEBM2ThEI7gBDw4gyJcQwkqwGEIj/AML1ZqPVmv1tusNWP9zOzDH1jv3x0PlXo=</latexit><latexit sha1_base64="0rJTkACiYQCxD07El07gWLu2NZQ=">AAAB+XicbVDJSgNBEO1xjXEbFbx4GQyCpzDjRY8hevAiJmAWSIahp1OTNOlZ6K4JhiF/4sWDIoInf8Ev8ObFb7GzHDTxQcHjvSqq6vmJ4Apt+8tYWl5ZXVvPbeQ3t7Z3ds29/bqKU8mgxmIRy6ZPFQgeQQ05CmgmEmjoC2j4/cux3xiAVDyO7nCYgBvSbsQDzihqyTPN9m0IXeq1Ee4xu7oZeWbBLtoTWIvEmZFC6bD6zd/KHxXP/Gx3YpaGECETVKmWYyfoZlQiZwJG+XaqIKGsT7vQ0jSiISg3m1w+sk600rGCWOqK0JqovycyGio1DH3dGVLsqXlvLP7ntVIMLtyMR0mKELHpoiAVFsbWOAarwyUwFENNKJNc32qxHpWUoQ4rr0Nw5l9eJPWzomMXnapOo0ymyJEjckxOiUPOSYlckwqpEUYG5IE8kWcjMx6NF+N12rpkzGYOyB8Y7z9uUJc2</latexit><latexit sha1_base64="0rJTkACiYQCxD07El07gWLu2NZQ=">AAAB+XicbVDJSgNBEO1xjXEbFbx4GQyCpzDjRY8hevAiJmAWSIahp1OTNOlZ6K4JhiF/4sWDIoInf8Ev8ObFb7GzHDTxQcHjvSqq6vmJ4Apt+8tYWl5ZXVvPbeQ3t7Z3ds29/bqKU8mgxmIRy6ZPFQgeQQ05CmgmEmjoC2j4/cux3xiAVDyO7nCYgBvSbsQDzihqyTPN9m0IXeq1Ee4xu7oZeWbBLtoTWIvEmZFC6bD6zd/KHxXP/Gx3YpaGECETVKmWYyfoZlQiZwJG+XaqIKGsT7vQ0jSiISg3m1w+sk600rGCWOqK0JqovycyGio1DH3dGVLsqXlvLP7ntVIMLtyMR0mKELHpoiAVFsbWOAarwyUwFENNKJNc32qxHpWUoQ4rr0Nw5l9eJPWzomMXnapOo0ymyJEjckxOiUPOSYlckwqpEUYG5IE8kWcjMx6NF+N12rpkzGYOyB8Y7z9uUJc2</latexit><latexit sha1_base64="pSxAh9cXMrDgfWNFtN84H2eJ9uA=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lcSLHot68CJWsB/QhLDZTtulm03YnRRL6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzolRwja77ba2srq1vbJa2yts7u3v79sFhUyeZYtBgiUhUO6IaBJfQQI4C2qkCGkcCWtHweuq3RqA0T+QjjlMIYtqXvMcZRSOFtu3fx9CnoY/whPnN3SS0K27VncFZJl5BKqRAPbS//G7CshgkMkG17nhuikFOFXImYFL2Mw0pZUPah46hksagg3x2+cQ5NUrX6SXKlERnpv6eyGms9TiOTGdMcaAXvan4n9fJsHcZ5FymGYJk80W9TDiYONMYnC5XwFCMDaFMcXOrwwZUUYYmrLIJwVt8eZk0z6ueW/Ue3ErtqoijRI7JCTkjHrkgNXJL6qRBGBmRZ/JK3qzcerHerY9564pVzByRP7A+fwCOaJOV</latexit>

Left: standard parameters not varied 
Right: standard parameters varied to compensate w
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Evolution of density 
perturbations modified 
 

This affects gravitational 
potentials 
 

         Affects CMB lensing 
 
           

c2vis
<latexit sha1_base64="lIlGyhPZdK57DApqVdaxQi0IYXA=">AAAB9XicbVC5TgMxEJ3lDOEKUNJYREipot00UEaioQyIHFIueR1vYsXrXdmzgWiV/6ChACFa/oUOKj4F5ygg4UkjPb03o5l5fiyFQdf9dNbWNza3tjM72d29/YPD3NFxzUSJZrzKIhnphk8Nl0LxKgqUvBFrTkNf8ro/vJr69RHXRkTqDscxb4e0r0QgGEUrdVin1G0hf8B0JMykm8u7RXcGskq8BcmXS4WvbwCodHMfrV7EkpArZJIa0/TcGNsp1SiY5JNsKzE8pmxI+7xpqaIhN+10dvWEnFulR4JI21JIZurviZSGxoxD33aGFAdm2ZuK/3nNBIPLdipUnCBXbL4oSCTBiEwjID2hOUM5toQyLeythA2opgxtUFkbgrf88iqplYqeW/RubBq3MEcGTuEMCuDBBZThGipQBQYaHuEZXpx758l5dd7mrWvOYuYE/sB5/wENkJUj</latexit><latexit sha1_base64="a8+ary8JZSK94+LYBugWtgV6Tkw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eFoOQU9jNRY8BLx6jmAckmzA76SRDZmeXmd5oWPIfXjwo4tWfED/Am14Fv8PJ46CJBQ1FVTfdXX4kuEbH+bBSK6tr6xvpzczW9s7uXnb/oKrDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATV/cD7xa0NQmofyGkcReAHtSd7ljKKRWqxVbDcRbjEZcj1uZ3NOwZnCXibunORKxfzn1/frW7mdfW92QhYHIJEJqnXDdSL0EqqQMwHjTDPWEFE2oD1oGCppANpLpleP7ROjdOxuqExJtKfq74mEBlqPAt90BhT7etGbiP95jRi7Z17CZRQjSDZb1I2FjaE9icDucAUMxcgQyhQ3t9qsTxVlaILKmBDcxZeXSbVYcJ2Ce2nSuCIzpMkROSZ54pJTUiIXpEwqhBFF7sgDebRurHvryXqetaas+cwh+QPr5QdThZeW</latexit><latexit sha1_base64="a8+ary8JZSK94+LYBugWtgV6Tkw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eFoOQU9jNRY8BLx6jmAckmzA76SRDZmeXmd5oWPIfXjwo4tWfED/Am14Fv8PJ46CJBQ1FVTfdXX4kuEbH+bBSK6tr6xvpzczW9s7uXnb/oKrDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATV/cD7xa0NQmofyGkcReAHtSd7ljKKRWqxVbDcRbjEZcj1uZ3NOwZnCXibunORKxfzn1/frW7mdfW92QhYHIJEJqnXDdSL0EqqQMwHjTDPWEFE2oD1oGCppANpLpleP7ROjdOxuqExJtKfq74mEBlqPAt90BhT7etGbiP95jRi7Z17CZRQjSDZb1I2FjaE9icDucAUMxcgQyhQ3t9qsTxVlaILKmBDcxZeXSbVYcJ2Ce2nSuCIzpMkROSZ54pJTUiIXpEwqhBFF7sgDebRurHvryXqetaas+cwh+QPr5QdThZeW</latexit><latexit sha1_base64="WZS+q7ArqShBwCgE2x58JHO7Ht8=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrLTQBmJhjIg8pDy0vmyTk45n627dSCy8h80FCBEy7/Q8TdcEheQMNJKo5ld7e74sRQGXffbyW1sbm3v5HcLe/sHh0fF45OGiRLNoc4jGemWzwxIoaCOAiW0Yg0s9CU0/fHN3G9OQBsRqQecxtAN2VCJQHCGVurxXqXfQXjCdCLMrF8suWV3AbpOvIyUSIZav/jVGUQ8CUEhl8yYtufG2E2ZRsElzAqdxEDM+JgNoW2pYiGYbrq4ekYvrDKgQaRtKaQL9fdEykJjpqFvO0OGI7PqzcX/vHaCwXU3FSpOEBRfLgoSSTGi8wjoQGjgKKeWMK6FvZXyEdOMow2qYEPwVl9eJ41K2XPL3p1bqt5nceTJGTknl8QjV6RKbkmN1AknmjyTV/LmPDovzrvzsWzNOdnMKfkD5/MH6bSSzw==</latexit>

c2s
<latexit sha1_base64="g8qa4BK22gpm4p+av3skIXA62ds=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoOQKtylMWXAxjKK+YDkDHubuWTJ3t6xuyeEIz/CxkIRW3+PnVb+FDcfhSY+GHi8N8PMvCARXBvX/XRyG5tb2zv53cLe/sHhUfH4pKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMbz+g0jyWd2aSoB/RoeQhZ9RYqc3uq/1MT/vFkltx5yDrxFuSUr1a/voGgEa/+NEbxCyNUBomqNZdz02Mn1FlOBM4LfRSjQllYzrErqWSRqj9bH7ulFxYZUDCWNmShszV3xMZjbSeRIHtjKgZ6VVvJv7ndVMT1vyMyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2BC81ZfXSata8dyKd2PTuIUF8nAG51AGDy6hDtfQgCYwGMMjPMOLkzhPzqvztmjNOcuZU/gD5/0HY2GR3Q==</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="NqiZwp3cO9FOhMmr2mSI1YfohO4=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9EjixSMaCyRQyXbZwobtttmdmpCGH+HFg8Z49fd489+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxn2WyER3Q2q4FIr7KFDybqo5jUPJO+HkZu53nrg2IlEPOE15ENOREpFgFK3UYY+NQW5mg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBfnzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swug5yodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81ZfXSbtR99y6d+fWmvdFHGU4g3O4BA+uoAm30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AT+Uj4k=</latexit>

Both parameters reduce 
perturbations below            

 degeneracy 

 

      causes oscillations below 
Jeans scale 
c2s

<latexit sha1_base64="g8qa4BK22gpm4p+av3skIXA62ds=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoOQKtylMWXAxjKK+YDkDHubuWTJ3t6xuyeEIz/CxkIRW3+PnVb+FDcfhSY+GHi8N8PMvCARXBvX/XRyG5tb2zv53cLe/sHhUfH4pKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMbz+g0jyWd2aSoB/RoeQhZ9RYqc3uq/1MT/vFkltx5yDrxFuSUr1a/voGgEa/+NEbxCyNUBomqNZdz02Mn1FlOBM4LfRSjQllYzrErqWSRqj9bH7ulFxYZUDCWNmShszV3xMZjbSeRIHtjKgZ6VVvJv7ndVMT1vyMyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2BC81ZfXSata8dyKd2PTuIUF8nAG51AGDy6hDtfQgCYwGMMjPMOLkzhPzqvztmjNOcuZU/gD5/0HY2GR3Q==</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="NqiZwp3cO9FOhMmr2mSI1YfohO4=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9EjixSMaCyRQyXbZwobtttmdmpCGH+HFg8Z49fd489+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxn2WyER3Q2q4FIr7KFDybqo5jUPJO+HkZu53nrg2IlEPOE15ENOREpFgFK3UYY+NQW5mg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBfnzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swug5yodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81ZfXSbtR99y6d+fWmvdFHGU4g3O4BA+uoAm30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AT+Uj4k=</latexit>

kJ
<latexit sha1_base64="+Q1mG/J7U/zRhHPbRWtFn/guRNU=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7Gy2DNmKVoPmA5Ih7m7lkyd7esbsnhCM/wcZCEVt/kZ2Nv8XNR6GJDwYe780wMy9IBNfGdb+c3Mrq2vpGfrOwtb2zu1fcP2joOFUM6ywWsWoFVKPgEuuGG4GtRCGNAoHNYHg98ZuPqDSP5b0ZJehHtC95yBk1Vrobdm+7xZJbdqcgy8Sbk1LlqPb9AADVbvGz04tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n01DE5tUqPhLGyJQ2Zqr8nMhppPYoC2xlRM9CL3kT8z2unJrz0My6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp2BD8BZfXiaN87Lnlr2aTeMKZsjDMZzAGXhwARW4gSrUgUEfnuAFXh3hPDtvzvusNefMZw7hD5yPH6sej40=</latexit><latexit sha1_base64="wfDXbj6jxGIgtT4Hj+0ky0yeE5Y=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZYhNmKVoHlAEsLs5G4yZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjul9OZmV1bX0ju5nb2t7Z3cvvH9R1lCiGNRaJSDV9qlFwiTXDjcBmrJCGvsCGP7ya+I17VJpH8s6MYuyEtC95wBk1Vroddm+6+YJbdKcgy8Sbk0LpqPrN38sflW7+s92LWBKiNExQrVueG5tOSpXhTOA41040xpQNaR9blkoaou6k01PH5NQqPRJEypY0ZKr+nkhpqPUo9G1nSM1AL3oT8T+vlZjgspNyGScGJZstChJBTEQmf5MeV8iMGFlCmeL2VsIGVFFmbDo5G4K3+PIyqZ8XPbfoVW0aZZghC8dwAmfgwQWU4BoqUAMGfXiAJ3h2hPPovDivs9aMM585hD9w3n4A/F+RSQ==</latexit><latexit sha1_base64="wfDXbj6jxGIgtT4Hj+0ky0yeE5Y=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZYhNmKVoHlAEsLs5G4yZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjul9OZmV1bX0ju5nb2t7Z3cvvH9R1lCiGNRaJSDV9qlFwiTXDjcBmrJCGvsCGP7ya+I17VJpH8s6MYuyEtC95wBk1Vroddm+6+YJbdKcgy8Sbk0LpqPrN38sflW7+s92LWBKiNExQrVueG5tOSpXhTOA41040xpQNaR9blkoaou6k01PH5NQqPRJEypY0ZKr+nkhpqPUo9G1nSM1AL3oT8T+vlZjgspNyGScGJZstChJBTEQmf5MeV8iMGFlCmeL2VsIGVFFmbDo5G4K3+PIyqZ8XPbfoVW0aZZghC8dwAmfgwQWU4BoqUAMGfXiAJ3h2hPPovDivs9aMM585hD9w3n4A/F+RSQ==</latexit><latexit sha1_base64="KezaJmBjoEuVDCzoZuu0gWjf4xs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0m86LHoRTxVtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737ZTW1jc2t8rblZ3dvf0D9/CopZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPxzcxvP6HSPJGPZpJiENOh5BFn1FjpYdy/67tVr+bNQVaJX5AqFGj03a/eIGFZjNIwQbXu+l5qgpwqw5nAaaWXaUwpG9Mhdi2VNEYd5PNTp+TMKgMSJcqWNGSu/p7Iaaz1JA5tZ0zNSC97M/E/r5uZ6CrIuUwzg5ItFkWZICYhs7/JgCtkRkwsoUxxeythI6ooMzadig3BX355lbQuar5X8++9av26iKMMJ3AK5+DDJdThFhrQBAZDeIZXeHOE8+K8Ox+L1pJTzBzDHzifPxyGjag=</latexit>

k�1
dec = ⌧

r
c2s +

8

15
c2vis

<latexit sha1_base64="yN6rpEybN06YZXgngrmdjzjEdlY="></latexit><latexit sha1_base64="dpUHw+7ZQzvsTsn62X+H7pWtcbE="></latexit><latexit sha1_base64="dpUHw+7ZQzvsTsn62X+H7pWtcbE="></latexit><latexit sha1_base64="jZGToYo2+Qs8C/LspORJMu3R82w="></latexit>



Planck T+P+lens, BAO, HST, MPS 
 •  Upper bound on         

•  Expansion history (BAO, HST) important 
•  Degeneracies with  
•  Constraints 50% worse if neutrino mass varied 
•  Robust to non-linear modeling 
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•  Upper bound  
•  CMB lensing important 
•  Expected         degeneracy 
•  Robust to non-linear 

modelling & neutrino mass 
•  WiggleZ conservative cut:  
     3x improvement  
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<latexit sha1_base64="ntAzTQbCOvkkVK/P8EC47W60uGk=">AAACBXicbVC7SgNBFL0bXzG+opZaDAYhFoZdLbQM2KQzAfOAbAyzk9lkyOyDmbtCWNLY+Cs2ForY+g92/o2TR6GJBy4czrmXe+/xYik02va3lVlZXVvfyG7mtrZ3dvfy+wcNHSWK8TqLZKRaHtVcipDXUaDkrVhxGniSN73hzcRvPnClRRTe4SjmnYD2Q+ELRtFI3fxx6jIqye3YldzHomPfp+eXY1eJ/gDPuvmCXbKnIMvEmZNC2cnVCABUu/kvtxexJOAhMkm1bjt2jJ2UKhRM8nHOTTSPKRvSPm8bGtKA6046/WJMTo3SI36kTIVIpurviZQGWo8Cz3QGFAd60ZuI/3ntBP3rTirCOEEestkiP5EEIzKJhPSE4gzlyBDKlDC3EjagijI0weVMCM7iy8ukcVFy7JJTM2lUYIYsHMEJFMGBKyhDBapQBwaP8Ayv8GY9WS/Wu/Uxa81Y85lD+APr8wdJrJiN</latexit><latexit sha1_base64="KOC1PAhf7MYd2oabMat8Jfw27gc=">AAACBXicbVC7SgNBFJ2Nj8T1tWolWgwGIRaGXS20DNikMwHzgOwaZiezyeDsg5m7QljS2PgrNhaK2PoHFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej5yJe8P4KRrFe2yPQFeJM6MFCuOWd//zHdrXevL7cU0DVkEVBClOo6dgJcRCZwKNjLdVLGE0DvSZx1NIxIy5WWTL0b4WCs9HMRSVwR4ov6eyEio1DD0dWdIYKDmvbH4n9dJIbj0Mh4lKbCIThcFqcAQ43EkuMcloyCGmhAqub4V0wGRhIIOztQhOPMvL5LmWdmxy05dp1FFUxTQATpCJeSgC1RBVVRDDUTRA3pCL+jVeDSejTfjfdqaM2Yze+gPjI8f3DqZug==</latexit><latexit sha1_base64="KOC1PAhf7MYd2oabMat8Jfw27gc=">AAACBXicbVC7SgNBFJ2Nj8T1tWolWgwGIRaGXS20DNikMwHzgOwaZiezyeDsg5m7QljS2PgrNhaK2PoHFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej5yJe8P4KRrFe2yPQFeJM6MFCuOWd//zHdrXevL7cU0DVkEVBClOo6dgJcRCZwKNjLdVLGE0DvSZx1NIxIy5WWTL0b4WCs9HMRSVwR4ov6eyEio1DD0dWdIYKDmvbH4n9dJIbj0Mh4lKbCIThcFqcAQ43EkuMcloyCGmhAqub4V0wGRhIIOztQhOPMvL5LmWdmxy05dp1FFUxTQATpCJeSgC1RBVVRDDUTRA3pCL+jVeDSejTfjfdqaM2Yze+gPjI8f3DqZug==</latexit><latexit sha1_base64="mHFOltGLDD7PJsxC/L57jpj/nyE=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhFoZZLbQM2KQzgnlAdg2zk9lkyOyDmbtCWLax8VdsLBSx9R/s/Bsnj0KjBy4czrmXe+/xEyk0EPJlFZaWV1bXiuuljc2t7R17d6+l41Qx3mSxjFXHp5pLEfEmCJC8kyhOQ1/ytj+6mvjte660iKNbGCfcC+kgEoFgFIzUsw8zl1GJr3NX8gAqDrnLTs9zV4nBEE56dplUyRT4L3HmpIzmaPTsT7cfszTkETBJte46JAEvowoEkzwvuanmCWUjOuBdQyMacu1l0y9yfGyUPg5iZSoCPFV/TmQ01Hoc+qYzpDDUi95E/M/rphBcepmIkhR4xGaLglRiiPEkEtwXijOQY0MoU8LcitmQKsrABFcyITiLL/8lrbOqQ6rODSnX6vM4iugAHaEKctAFqqE6aqAmYugBPaEX9Go9Ws/Wm/U+ay1Y85l99AvWxzcKhZeh</latexit>

O
�
10�6

�
<latexit sha1_base64="eXQ6SJwYzbhBbCnPGahPsextQPk=">AAACBXicbVC7SgNBFL0bXzG+opZaDAYhFoZdC7UM2KQzAfOAbAyzk9lkyOyDmbtCWNLY+Cs2ForY+g92/o2TR6GJBy4czrmXe+/xYik02va3lVlZXVvfyG7mtrZ3dvfy+wcNHSWK8TqLZKRaHtVcipDXUaDkrVhxGniSN73hzcRvPnClRRTe4SjmnYD2Q+ELRtFI3fxx6jIqye3YldzHomPfp+eXY1eJ/gDPuvmCXbKnIMvEmZNC2cnVCABUu/kvtxexJOAhMkm1bjt2jJ2UKhRM8nHOTTSPKRvSPm8bGtKA6046/WJMTo3SI36kTIVIpurviZQGWo8Cz3QGFAd60ZuI/3ntBP3rTirCOEEestkiP5EEIzKJhPSE4gzlyBDKlDC3EjagijI0weVMCM7iy8ukcVFy7JJTM2lUYIYsHMEJFMGBKyhDBapQBwaP8Ayv8GY9WS/Wu/Uxa81Y85lD+APr8wdOUJiQ</latexit><latexit sha1_base64="kgWbUN+rYxk9tfj+6ktUHSdD3ZY=">AAACBXicbVC7SgNBFJ2Nj8T1tWolWgwGIRaGXQu1DNikMwHzgOwaZiezyeDsg5m7QljS2PgrNhaK2PoHFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej5yJe8P4KRrFe2yPQFeJM6MFCuOWd//zHdrXevL7cU0DVkEVBClOo6dgJcRCZwKNjLdVLGE0DvSZx1NIxIy5WWTL0b4WCs9HMRSVwR4ov6eyEio1DD0dWdIYKDmvbH4n9dJIbj0Mh4lKbCIThcFqcAQ43EkuMcloyCGmhAqub4V0wGRhIIOztQhOPMvL5LmWdmxy05dp1FFUxTQATpCJeSgC1RBVVRDDUTRA3pCL+jVeDSejTfjfdqaM2Yze+gPjI8f4N6ZvQ==</latexit><latexit sha1_base64="kgWbUN+rYxk9tfj+6ktUHSdD3ZY=">AAACBXicbVC7SgNBFJ2Nj8T1tWolWgwGIRaGXQu1DNikMwHzgOwaZiezyeDsg5m7QljS2PgrNhaK2PoHFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej5yJe8P4KRrFe2yPQFeJM6MFCuOWd//zHdrXevL7cU0DVkEVBClOo6dgJcRCZwKNjLdVLGE0DvSZx1NIxIy5WWTL0b4WCs9HMRSVwR4ov6eyEio1DD0dWdIYKDmvbH4n9dJIbj0Mh4lKbCIThcFqcAQ43EkuMcloyCGmhAqub4V0wGRhIIOztQhOPMvL5LmWdmxy05dp1FFUxTQATpCJeSgC1RBVVRDDUTRA3pCL+jVeDSejTfjfdqaM2Yze+gPjI8f4N6ZvQ==</latexit><latexit sha1_base64="B9Hksc9iQo3byGdTRzzPN503Ofg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhFoZZC7UM2KQzgnlAdg2zk9lkyOyDmbtCWLax8VdsLBSx9R/s/Bsnj0KjBy4czrmXe+/xEyk0EPJlFZaWV1bXiuuljc2t7R17d6+l41Qx3mSxjFXHp5pLEfEmCJC8kyhOQ1/ytj+6mvjte660iKNbGCfcC+kgEoFgFIzUsw8zl1GJr3NX8gAqDrnLTs9zV4nBEE56dplUyRT4L3HmpIzmaPTsT7cfszTkETBJte46JAEvowoEkzwvuanmCWUjOuBdQyMacu1l0y9yfGyUPg5iZSoCPFV/TmQ01Hoc+qYzpDDUi95E/M/rphBcepmIkhR4xGaLglRiiPEkEtwXijOQY0MoU8LcitmQKsrABFcyITiLL/8lrbOqQ6rODSnX6vM4iugAHaEKctAFqqE6aqAmYugBPaEX9Go9Ws/Wm/U+ay1Y85l99AvWxzcPKZek</latexit>

c2vis
<latexit sha1_base64="lIlGyhPZdK57DApqVdaxQi0IYXA=">AAAB9XicbVC5TgMxEJ3lDOEKUNJYREipot00UEaioQyIHFIueR1vYsXrXdmzgWiV/6ChACFa/oUOKj4F5ygg4UkjPb03o5l5fiyFQdf9dNbWNza3tjM72d29/YPD3NFxzUSJZrzKIhnphk8Nl0LxKgqUvBFrTkNf8ro/vJr69RHXRkTqDscxb4e0r0QgGEUrdVin1G0hf8B0JMykm8u7RXcGskq8BcmXS4WvbwCodHMfrV7EkpArZJIa0/TcGNsp1SiY5JNsKzE8pmxI+7xpqaIhN+10dvWEnFulR4JI21JIZurviZSGxoxD33aGFAdm2ZuK/3nNBIPLdipUnCBXbL4oSCTBiEwjID2hOUM5toQyLeythA2opgxtUFkbgrf88iqplYqeW/RubBq3MEcGTuEMCuDBBZThGipQBQYaHuEZXpx758l5dd7mrWvOYuYE/sB5/wENkJUj</latexit><latexit sha1_base64="a8+ary8JZSK94+LYBugWtgV6Tkw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eFoOQU9jNRY8BLx6jmAckmzA76SRDZmeXmd5oWPIfXjwo4tWfED/Am14Fv8PJ46CJBQ1FVTfdXX4kuEbH+bBSK6tr6xvpzczW9s7uXnb/oKrDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATV/cD7xa0NQmofyGkcReAHtSd7ljKKRWqxVbDcRbjEZcj1uZ3NOwZnCXibunORKxfzn1/frW7mdfW92QhYHIJEJqnXDdSL0EqqQMwHjTDPWEFE2oD1oGCppANpLpleP7ROjdOxuqExJtKfq74mEBlqPAt90BhT7etGbiP95jRi7Z17CZRQjSDZb1I2FjaE9icDucAUMxcgQyhQ3t9qsTxVlaILKmBDcxZeXSbVYcJ2Ce2nSuCIzpMkROSZ54pJTUiIXpEwqhBFF7sgDebRurHvryXqetaas+cwh+QPr5QdThZeW</latexit><latexit sha1_base64="a8+ary8JZSK94+LYBugWtgV6Tkw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eFoOQU9jNRY8BLx6jmAckmzA76SRDZmeXmd5oWPIfXjwo4tWfED/Am14Fv8PJ46CJBQ1FVTfdXX4kuEbH+bBSK6tr6xvpzczW9s7uXnb/oKrDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATV/cD7xa0NQmofyGkcReAHtSd7ljKKRWqxVbDcRbjEZcj1uZ3NOwZnCXibunORKxfzn1/frW7mdfW92QhYHIJEJqnXDdSL0EqqQMwHjTDPWEFE2oD1oGCppANpLpleP7ROjdOxuqExJtKfq74mEBlqPAt90BhT7etGbiP95jRi7Z17CZRQjSDZb1I2FjaE9icDucAUMxcgQyhQ3t9qsTxVlaILKmBDcxZeXSbVYcJ2Ce2nSuCIzpMkROSZ54pJTUiIXpEwqhBFF7sgDebRurHvryXqetaas+cwh+QPr5QdThZeW</latexit><latexit sha1_base64="WZS+q7ArqShBwCgE2x58JHO7Ht8=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrLTQBmJhjIg8pDy0vmyTk45n627dSCy8h80FCBEy7/Q8TdcEheQMNJKo5ld7e74sRQGXffbyW1sbm3v5HcLe/sHh0fF45OGiRLNoc4jGemWzwxIoaCOAiW0Yg0s9CU0/fHN3G9OQBsRqQecxtAN2VCJQHCGVurxXqXfQXjCdCLMrF8suWV3AbpOvIyUSIZav/jVGUQ8CUEhl8yYtufG2E2ZRsElzAqdxEDM+JgNoW2pYiGYbrq4ekYvrDKgQaRtKaQL9fdEykJjpqFvO0OGI7PqzcX/vHaCwXU3FSpOEBRfLgoSSTGi8wjoQGjgKKeWMK6FvZXyEdOMow2qYEPwVl9eJ41K2XPL3p1bqt5nceTJGTknl8QjV6RKbkmN1AknmjyTV/LmPDovzrvzsWzNOdnMKfkD5/MH6bSSzw==</latexit>

c2s
<latexit sha1_base64="g8qa4BK22gpm4p+av3skIXA62ds=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoOQKtylMWXAxjKK+YDkDHubuWTJ3t6xuyeEIz/CxkIRW3+PnVb+FDcfhSY+GHi8N8PMvCARXBvX/XRyG5tb2zv53cLe/sHhUfH4pKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMbz+g0jyWd2aSoB/RoeQhZ9RYqc3uq/1MT/vFkltx5yDrxFuSUr1a/voGgEa/+NEbxCyNUBomqNZdz02Mn1FlOBM4LfRSjQllYzrErqWSRqj9bH7ulFxYZUDCWNmShszV3xMZjbSeRIHtjKgZ6VVvJv7ndVMT1vyMyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2BC81ZfXSata8dyKd2PTuIUF8nAG51AGDy6hDtfQgCYwGMMjPMOLkzhPzqvztmjNOcuZU/gD5/0HY2GR3Q==</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="NqiZwp3cO9FOhMmr2mSI1YfohO4=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9EjixSMaCyRQyXbZwobtttmdmpCGH+HFg8Z49fd489+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxn2WyER3Q2q4FIr7KFDybqo5jUPJO+HkZu53nrg2IlEPOE15ENOREpFgFK3UYY+NQW5mg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBfnzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swug5yodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81ZfXSbtR99y6d+fWmvdFHGU4g3O4BA+uoAm30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AT+Uj4k=</latexit>

w
<latexit sha1_base64="jy7Qj19WGXeu0T7EHNi02ZXKbEE=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2FgmYh6QhLC3mUvW7O0du3tKOAL2NhaK2Pon2Yj/jZtHoYkfLPz4vhl2ZoJEcG0879tZWl5ZXVvPbbibW9s7u/m9/ZqOU8WwymIRq0ZANQousWq4EdhIFNIoEFgPBlfjvH6PSvNY3pphgu2I9iQPOaPGWpWHTr7gFb2JyCL4MyhcfrkXjwBQ7uQ/W92YpRFKwwTVuul7iWlnVBnOBI7cVqoxoWxAe9i0KGmEup1NBh2RY+t0SRgr+6QhE/d3R0YjrYdRYCsjavp6Phub/2XN1ITn7YzLJDUo2fSjMBXExGS8NelyhcyIoQXKFLezEtanijJjb+PaI/jzKy9C7bToe0W/4hVKNzBVDg7hCE7AhzMowTWUoQoMEJ7gBV6dO+fZeXPep6VLzqznAP7I+fgBbTyO5A==</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="R24YjQwTHCDIvht4KKSuwJwTni4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UpLYWIKRjwQuZG+Zg5W9vcvunoZc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+W9mSboR3QkecgZNVZqPg3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/WabqV+l8dRhDM4h0vw4BrqcAsNaAEDhGd4hTfnwXlx3p2PZWvByWdO4Q+czx/oRY0H</latexit>

kdec
<latexit sha1_base64="1xNUm/fTMQ2nvgxhaSOUSGYpkn4=">AAAB83icbVDJSgNBEK1xjXGLehRhMAiewowXPQa85BjBLJAJsaenJmnSs9BdI8Yhv+HFgyJe/Qk/wZt/Y2c5aOKDgsd7VVTV81MpNDnOt7Wyura+sVnYKm7v7O7tlw4OmzrJFMcGT2Si2j7TKEWMDRIksZ0qZJEvseUPryd+6x6VFkl8S6MUuxHrxyIUnJGRvGHPI3ygPEA+7pXKTsWZwl4m7pyUqyefj3cAUO+Vvrwg4VmEMXHJtO64TkrdnCkSXOK46GUaU8aHrI8dQ2MWoe7m05vH9plRAjtMlKmY7Kn6eyJnkdajyDedEaOBXvQm4n9eJ6PwqpuLOM0IYz5bFGbSpsSeBGAHQiEnOTKEcSXMrTYfMMU4mZiKJgR38eVl0ryouE7FvTFp1GCGAhzDKZyDC5dQhRrUoQEcUniCF3i1MuvZerPeZ60r1nzmCP7A+vgBN8WT/A==</latexit><latexit sha1_base64="Zse0oGFm3ZwKs+nlxrdOqSesnuU=">AAAB83icbVDLSgNBEJz1GeMr6lGEwSB4Crte9BjwkmME84BsCLOzvcmQ2dllpleMS37DiwdFvPoTfoI3T/6Kk8dBEwsaiqpuuruCVAqDrvvlrKyurW9sFraK2zu7e/ulg8OmSTLNocETmeh2wAxIoaCBAiW0Uw0sDiS0guH1xG/dgTYiUbc4SqEbs74SkeAMreQPez7CPeYh8HGvVHYr7hR0mXhzUq6efDxwI7/rvdKnHyY8i0Ehl8yYjuem2M2ZRsEljIt+ZiBlfMj60LFUsRhMN5/ePKZnVglplGhbCulU/T2Rs9iYURzYzpjhwCx6E/E/r5NhdNXNhUozBMVni6JMUkzoJAAaCg0c5cgSxrWwt1I+YJpxtDEVbQje4svLpHlR8dyKd2PTqJEZCuSYnJJz4pFLUiU1UicNwklKHskzeXEy58l5dd5mrSvOfOaI/IHz/gOPU5W9</latexit><latexit sha1_base64="Zse0oGFm3ZwKs+nlxrdOqSesnuU=">AAAB83icbVDLSgNBEJz1GeMr6lGEwSB4Crte9BjwkmME84BsCLOzvcmQ2dllpleMS37DiwdFvPoTfoI3T/6Kk8dBEwsaiqpuuruCVAqDrvvlrKyurW9sFraK2zu7e/ulg8OmSTLNocETmeh2wAxIoaCBAiW0Uw0sDiS0guH1xG/dgTYiUbc4SqEbs74SkeAMreQPez7CPeYh8HGvVHYr7hR0mXhzUq6efDxwI7/rvdKnHyY8i0Ehl8yYjuem2M2ZRsEljIt+ZiBlfMj60LFUsRhMN5/ePKZnVglplGhbCulU/T2Rs9iYURzYzpjhwCx6E/E/r5NhdNXNhUozBMVni6JMUkzoJAAaCg0c5cgSxrWwt1I+YJpxtDEVbQje4svLpHlR8dyKd2PTqJEZCuSYnJJz4pFLUiU1UicNwklKHskzeXEy58l5dd5mrSvOfOaI/IHz/gOPU5W9</latexit><latexit sha1_base64="m/6E+Ax+Q84e40VDpSiu1VsReYs=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KokXPRa89FjBfkATymYzaZduNmF3IpbQv+HFgyJe/TPe/Ddu2xy09cHA470ZZuaFmRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddk+aaQ4enMtX9kBmQQkEHBUroZxpYEkrohZO7ud97BG1Eqh5wmkGQsJESseAMreRPhj7CExYR8NmwVncb7gJ0nXglqZMS7WHty49SniegkEtmzMBzMwwKplFwCbOqnxvIGJ+wEQwsVSwBExSLm2f00ioRjVNtSyFdqL8nCpYYM01C25kwHJtVby7+5w1yjG+DQqgsR1B8uSjOJcWUzgOgkdDAUU4tYVwLeyvlY6YZRxtT1Ybgrb68TrrXDc9tePduvdkq46iQc3JBrohHbkiTtEibdAgnGXkmr+TNyZ0X5935WLZuOOXMGfkD5/MHjauSAw==</latexit>

&

H0
<latexit sha1_base64="78my/EUiJP5mBj+v2515lHkNCz4=">AAAB6nicbVDLSgNBEOyNrxhfUY8iDAbBU9j1Eo8BLzlGNA9Iljg76U2GzM4uM7NCXPIJXjwo4tUv8RO8+TdOHgdNLGgoqrrp7goSwbVx3W8nt7a+sbmV3y7s7O7tHxQPj5o6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGF1P/dYDKs1jeWfGCfoRHUgeckaNlW5rPbdXLLlldwaySrwFKVVPPx/vAaDeK351+zFLI5SGCap1x3MT42dUGc4ETgrdVGNC2YgOsGOppBFqP5udOiHnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrZm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6R5Wfbcsndj06jBHHk4gTO4AA8qUIUa1KEBDAbwBC/w6gjn2Xlz3uetOWcxcwx/4Hz8AGulj2o=</latexit><latexit sha1_base64="sdJGZiQ948wSaknmBuWiOYLj5oY=">AAAB6nicbVDLSgNBEOyNrxhfUY8iDAbBU9j1Eo8BLzlGNA9IljA76U2GzM4uM7NCXPIJXjwo4tUv8RO8efJXnDwOmljQUFR1090VJIJr47pfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivd1npur1hyy+4MZJV4C1Kqnn48MC2+673iZ7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2akTcm6VPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU145WdcJqlByeaLwlQQE5Pp36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmpdlzy17NzaNGsyRhxM4gwvwoAJVqEEdGsBgAI/wDC+OcJ6cV+dt3ppzFjPH8AfO+w/DM5Er</latexit><latexit sha1_base64="sdJGZiQ948wSaknmBuWiOYLj5oY=">AAAB6nicbVDLSgNBEOyNrxhfUY8iDAbBU9j1Eo8BLzlGNA9IljA76U2GzM4uM7NCXPIJXjwo4tUv8RO8efJXnDwOmljQUFR1090VJIJr47pfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivd1npur1hyy+4MZJV4C1Kqnn48MC2+673iZ7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2akTcm6VPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU145WdcJqlByeaLwlQQE5Pp36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmpdlzy17NzaNGsyRhxM4gwvwoAJVqEEdGsBgAI/wDC+OcJ6cV+dt3ppzFjPH8AfO+w/DM5Er</latexit><latexit sha1_base64="na62/B9o/X7fd+eaX+RhY9pvQYE=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswp6NlgGblBHNByRH2NvsJUv29o7dOSEc+Qk2ForY+ovs/Ddukis08cHA470ZZuaFqZIWKf32Nja3tnd2S3vl/YPDo+PKyWnbJpnhosUTlZhuyKxQUosWSlSimxrB4lCJTji5m/udJ2GsTPQjTlMRxGykZSQ5Qyc9NAZ0UKnSGl2ArBO/IFUo0BxUvvrDhGex0MgVs7bn0xSDnBmUXIlZuZ9ZkTI+YSPRc1SzWNggX5w6I5dOGZIoMa40koX6eyJnsbXTOHSdMcOxXfXm4n9eL8PoNsilTjMUmi8XRZkimJD532QojeCopo4wbqS7lfAxM4yjS6fsQvBXX14n7euaT2v+Pa3WG0UcJTiHC7gCH26gDg1oQgs4jOAZXuHNU96L9+59LFs3vGLmDP7A+/wBwYuNcQ==</latexit>

!m
<latexit sha1_base64="3oko3Fl+sUis1hi8JjZDegsYCKE=">AAAB73icbVDLSgNBEOz1GeMr6lGEwSB4Crte9BjwkmME84BkibOTTjJkZmedmRXikp/w4kERr/6Gn+DNv3HyOGhiQUNR1U13V5QIbqzvf3srq2vrG5u5rfz2zu7efuHgsG5UqhnWmBJKNyNqUPAYa5Zbgc1EI5WRwEY0vJ74jQfUhqv41o4SDCXtx7zHGbVOaraVxD7tyE6h6Jf8KcgyCeakWD75fLwDgGqn8NXuKpZKjC0T1JhW4Cc2zKi2nAkc59upwYSyIe1jy9GYSjRhNr13TM6c0iU9pV3FlkzV3xMZlcaMZOQ6JbUDs+hNxP+8Vmp7V2HG4yS1GLPZol4qiFVk8jzpco3MipEjlGnubiVsQDVl1kWUdyEEiy8vk/pFKfBLwY1LowIz5OAYTuEcAriEMlSgCjVgIOAJXuDVu/eevTfvfda64s1njuAPvI8fvx+R9g==</latexit><latexit sha1_base64="PpoiOXEKC+c9IYDpbQvZDJ+cJW8=">AAAB73icbVDLSgNBEOz1GeMr6lGEwSB4Crte9BjwkmME84AkhNlJbzJkZnadmRXikp/w4kERr/6Gn+DNk7/i5HHQxIKGoqqb7q4wEdxY3//yVlbX1jc2c1v57Z3dvf3CwWHdxKlmWGOxiHUzpAYFV1iz3ApsJhqpDAU2wuH1xG/cozY8Vrd2lGBH0r7iEWfUOqnZjiX2aVd2C0W/5E9BlkkwJ8XyyccDM+K72i18tnsxSyUqywQ1phX4ie1kVFvOBI7z7dRgQtmQ9rHlqKISTSeb3jsmZ07pkSjWrpQlU/X3REalMSMZuk5J7cAsehPxP6+V2uiqk3GVpBYVmy2KUkFsTCbPkx7XyKwYOUKZ5u5WwgZUU2ZdRHkXQrD48jKpX5QCvxTcuDQqMEMOjuEUziGASyhDBapQAwYCHuEZXrw778l79d5mrSvefOYI/sB7/wEWvJO3</latexit><latexit sha1_base64="PpoiOXEKC+c9IYDpbQvZDJ+cJW8=">AAAB73icbVDLSgNBEOz1GeMr6lGEwSB4Crte9BjwkmME84AkhNlJbzJkZnadmRXikp/w4kERr/6Gn+DNk7/i5HHQxIKGoqqb7q4wEdxY3//yVlbX1jc2c1v57Z3dvf3CwWHdxKlmWGOxiHUzpAYFV1iz3ApsJhqpDAU2wuH1xG/cozY8Vrd2lGBH0r7iEWfUOqnZjiX2aVd2C0W/5E9BlkkwJ8XyyccDM+K72i18tnsxSyUqywQ1phX4ie1kVFvOBI7z7dRgQtmQ9rHlqKISTSeb3jsmZ07pkSjWrpQlU/X3REalMSMZuk5J7cAsehPxP6+V2uiqk3GVpBYVmy2KUkFsTCbPkx7XyKwYOUKZ5u5WwgZUU2ZdRHkXQrD48jKpX5QCvxTcuDQqMEMOjuEUziGASyhDBapQAwYCHuEZXrw778l79d5mrSvefOYI/sB7/wEWvJO3</latexit><latexit sha1_base64="k16/gLZk7h3WGQaSHaxDtIdz07I=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhA8hV0vegx4yTGCeUCyhNlJbzJkHuvMrBCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eccmZsEHx7G5tb2zu7pb3y/sHh0XHl5LRtVKYptqjiSndjYpAziS3LLMduqpGImGMnntzN/c4TasOUfLDTFCNBRpIljBLrpG5fCRyRgRhUqkEtWMBfJ2FBqlCgOah89YeKZgKlpZwY0wuD1EY50ZZRjrNyPzOYEjohI+w5KolAE+WLe2f+pVOGfqK0K2n9hfp7IifCmKmIXacgdmxWvbn4n9fLbHIb5UymmUVJl4uSjPtW+fPn/SHTSC2fOkKoZu5Wn46JJtS6iMouhHD15XXSvq6FQS28D6r1RhFHCc7hAq4ghBuoQwOa0AIKHJ7hFd68R+/Fe/c+lq0bXjFzBn/gff4AFRSP/Q==</latexit>

|w|
<latexit sha1_base64="cx1xDuVkH0s0Q/EUp1nNVIY+OMs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLkCAIQtj1osegF48RzQOSJcxOZpMhs7PLTK8SNvkELx4U8eLBL/Lm3zh5HDSxoKGo6qa7K0ikMOi6387K6tr6xmZuK7+9s7u3Xzg4rJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBtcTv/HAtRGxusdhwv2I9pQIBaNopbvR46hTKLlldwqyTLw5KVWK7bMPAKh2Cl/tbszSiCtkkhrT8twE/YxqFEzycb6dGp5QNqA93rJU0YgbP5ueOiYnVumSMNa2FJKp+nsio5ExwyiwnRHFvln0JuJ/XivF8NLPhEpS5IrNFoWpJBiTyd+kKzRnKIeWUKaFvZWwPtWUoU0nb0PwFl9eJvXzsueWvVubxhXMkINjKMIpeHABFbiBKtSAQQ+e4AVeHek8O2/O+6x1xZnPHMEfOJ8/uSuPjA==</latexit><latexit sha1_base64="sf5ju4m6bZm7A436zTuVvsb/rIA=">AAAB6nicbVDLSgNBEOyJrxhfUY9ehgRBEMKuFz0GvXiMaB6QLGF2MpsMmZ1dZmaVZZNP8CKiiFe/yFv+xsnjoIkFDUVVN91dfiy4No4zQbm19Y3Nrfx2YWd3b/+geHjU0FGiKKvTSESq5RPNBJesbrgRrBUrRkJfsKY/vJn6zUemNI/kg0lj5oWkL3nAKTFWuh89jbrFslNxZsCrxF2QcrXUOX+dVNNat/jd6UU0CZk0VBCt264TGy8jynAq2LjQSTSLCR2SPmtbKknItJfNTh3jU6v0cBApW9Lgmfp7IiOh1mno286QmIFe9qbif147McGVl3EZJ4ZJOl8UJAKbCE//xj2uGDUitYRQxe2tmA6IItTYdAo2BHf55VXSuKi4TsW9s2lcwxx5OIESnIELl1CFW6hBHSj04Rne4B0J9II+0Oe8NYcWM8fwB+jrB8KVkRI=</latexit><latexit sha1_base64="sf5ju4m6bZm7A436zTuVvsb/rIA=">AAAB6nicbVDLSgNBEOyJrxhfUY9ehgRBEMKuFz0GvXiMaB6QLGF2MpsMmZ1dZmaVZZNP8CKiiFe/yFv+xsnjoIkFDUVVN91dfiy4No4zQbm19Y3Nrfx2YWd3b/+geHjU0FGiKKvTSESq5RPNBJesbrgRrBUrRkJfsKY/vJn6zUemNI/kg0lj5oWkL3nAKTFWuh89jbrFslNxZsCrxF2QcrXUOX+dVNNat/jd6UU0CZk0VBCt264TGy8jynAq2LjQSTSLCR2SPmtbKknItJfNTh3jU6v0cBApW9Lgmfp7IiOh1mno286QmIFe9qbif147McGVl3EZJ4ZJOl8UJAKbCE//xj2uGDUitYRQxe2tmA6IItTYdAo2BHf55VXSuKi4TsW9s2lcwxx5OIESnIELl1CFW6hBHSj04Rne4B0J9II+0Oe8NYcWM8fwB+jrB8KVkRI=</latexit><latexit sha1_base64="6l9EJu5sjKhRpn4R7c0xbmyOnFg=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2WhJtLDHKRwIXsrfswYa9vcvunIYc/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJFIYdN1vp7C2vrG5Vdwu7ezu7R+UD4+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzcxvPXJtRKwecJxwP6IDJULBKFrpfvI06ZUrbtWdg6wSLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjk01I3NTyhbEQHvGOpohE3fjY/dUrOrNInYaxtKSRz9fdERiNjxlFgOyOKQ7PszcT/vE6K4ZWfCZWkyBVbLApTSTAms79JX2jOUI4toUwLeythQ6opQ5tOyYbgLb+8SpoXVc+tendupXadx1GEEziFc/DgEmpwC3VoAIMBPMMrvDnSeXHenY9Fa8HJZ47hD5zPH6asjgM=</latexit>



Constraints 

No time and space dependence here: single values of the parameters  



Time dependence 
Treat varying       as test of DM density scaling:  w

<latexit sha1_base64="jy7Qj19WGXeu0T7EHNi02ZXKbEE=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2FgmYh6QhLC3mUvW7O0du3tKOAL2NhaK2Pon2Yj/jZtHoYkfLPz4vhl2ZoJEcG0879tZWl5ZXVvPbbibW9s7u/m9/ZqOU8WwymIRq0ZANQousWq4EdhIFNIoEFgPBlfjvH6PSvNY3pphgu2I9iQPOaPGWpWHTr7gFb2JyCL4MyhcfrkXjwBQ7uQ/W92YpRFKwwTVuul7iWlnVBnOBI7cVqoxoWxAe9i0KGmEup1NBh2RY+t0SRgr+6QhE/d3R0YjrYdRYCsjavp6Phub/2XN1ITn7YzLJDUo2fSjMBXExGS8NelyhcyIoQXKFLezEtanijJjb+PaI/jzKy9C7bToe0W/4hVKNzBVDg7hCE7AhzMowTWUoQoMEJ7gBV6dO+fZeXPep6VLzqznAP7I+fgBbTyO5A==</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="R24YjQwTHCDIvht4KKSuwJwTni4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UpLYWIKRjwQuZG+Zg5W9vcvunoZc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+W9mSboR3QkecgZNVZqPg3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/WabqV+l8dRhDM4h0vw4BrqcAsNaAEDhGd4hTfnwXlx3p2PZWvByWdO4Q+czx/oRY0H</latexit>

!g = a3h2⇢(a)/⇢crit
<latexit sha1_base64="jNStg3H4fDvEvDKlRBdTKmqHyvs="></latexit><latexit sha1_base64="JvWpXsEjMePbwIp42Jrfd1hsB6o="></latexit><latexit sha1_base64="JvWpXsEjMePbwIp42Jrfd1hsB6o="></latexit><latexit sha1_base64="l8gTIkIaFya7yIynNnWPbXw77B4=">AAACEnicbVC7TsNAEDzzJrwClDQnIiRogh0KaJAQNJRBIgEpDtb6sklOnH3W3RoRWfkGGn6FhgKEaKno+BvskILXSKcbzexqNRMmSlpy3Q9nYnJqemZ2br60sLi0vFJeXWtanRqBDaGVNpchWFQyxgZJUniZGIQoVHgRXp8U/sUNGit1fE6DBNsR9GLZlQIol4Lyjq8j7EHQO4SrPd6/qnHf9PU27OwWf+AT3lImjKRhUK64VXcE/pd4Y1JhY9SD8rvf0SKNMCahwNqW5ybUzsCQFAqHJT+1mIC4hh62chpDhLadjSIN+VaudHhXm/zFxEfq940MImsHUZhPRkB9+9srxP+8Vkrdg3Ym4yQljMXXoW6qOGle9MM70qAgNcgJFLml4KIPBgTlLZbyErzfkf+SZq3quVXvzK0cHY/rmGMbbJNtM4/tsyN2yuqswQS7Yw/siT07986j8+K8fo1OOOOddfYDztsnJ5mdKA==</latexit>



Time dependence 
Treat varying       as test of DM density scaling:  w

<latexit sha1_base64="jy7Qj19WGXeu0T7EHNi02ZXKbEE=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2FgmYh6QhLC3mUvW7O0du3tKOAL2NhaK2Pon2Yj/jZtHoYkfLPz4vhl2ZoJEcG0879tZWl5ZXVvPbbibW9s7u/m9/ZqOU8WwymIRq0ZANQousWq4EdhIFNIoEFgPBlfjvH6PSvNY3pphgu2I9iQPOaPGWpWHTr7gFb2JyCL4MyhcfrkXjwBQ7uQ/W92YpRFKwwTVuul7iWlnVBnOBI7cVqoxoWxAe9i0KGmEup1NBh2RY+t0SRgr+6QhE/d3R0YjrYdRYCsjavp6Phub/2XN1ITn7YzLJDUo2fSjMBXExGS8NelyhcyIoQXKFLezEtanijJjb+PaI/jzKy9C7bToe0W/4hVKNzBVDg7hCE7AhzMowTWUoQoMEJ7gBV6dO+fZeXPep6VLzqznAP7I+fgBbTyO5A==</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="R24YjQwTHCDIvht4KKSuwJwTni4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UpLYWIKRjwQuZG+Zg5W9vcvunoZc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+W9mSboR3QkecgZNVZqPg3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/WabqV+l8dRhDM4h0vw4BrqcAsNaAEDhGd4hTfnwXlx3p2PZWvByWdO4Q+czx/oRY0H</latexit>

!g = a3h2⇢(a)/⇢crit
<latexit sha1_base64="jNStg3H4fDvEvDKlRBdTKmqHyvs="></latexit><latexit sha1_base64="JvWpXsEjMePbwIp42Jrfd1hsB6o="></latexit><latexit sha1_base64="JvWpXsEjMePbwIp42Jrfd1hsB6o="></latexit><latexit sha1_base64="l8gTIkIaFya7yIynNnWPbXw77B4=">AAACEnicbVC7TsNAEDzzJrwClDQnIiRogh0KaJAQNJRBIgEpDtb6sklOnH3W3RoRWfkGGn6FhgKEaKno+BvskILXSKcbzexqNRMmSlpy3Q9nYnJqemZ2br60sLi0vFJeXWtanRqBDaGVNpchWFQyxgZJUniZGIQoVHgRXp8U/sUNGit1fE6DBNsR9GLZlQIol4Lyjq8j7EHQO4SrPd6/qnHf9PU27OwWf+AT3lImjKRhUK64VXcE/pd4Y1JhY9SD8rvf0SKNMCahwNqW5ybUzsCQFAqHJT+1mIC4hh62chpDhLadjSIN+VaudHhXm/zFxEfq940MImsHUZhPRkB9+9srxP+8Vkrdg3Ym4yQljMXXoW6qOGle9MM70qAgNcgJFLml4KIPBgTlLZbyErzfkf+SZq3quVXvzK0cHY/rmGMbbJNtM4/tsyN2yuqswQS7Yw/siT07986j8+K8fo1OOOOddfYDztsnJ5mdKA==</latexit>



Constraints 

Use wider range of WiggleZ data… 
                 10x improvement of constraints 



Unconservative WiggleZ 
Conservative 
constraints robust to 
non-linear modeling 
 

Unconservative  
   not robust 

 

Current data able to 
constrain interesting 
values of parameters 
~ 
 

…but non-linear 
modelling needs to 
be rigorous 
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�
<latexit sha1_base64="RDlfZCIeIlimqGYocvUpxYgZKw4=">AAACB3icbVC7SgNBFL3rM8ZX1FKQwSAkhWHXJpZBGzsjmAckMc5OZpMhsw9m7gpxSWdj5X/YWChi6y/Y+TdOHoUmHrhw5px7mXuPG0mh0ba/rYXFpeWV1dRaen1jc2s7s7Nb1WGsGK+wUIaq7lLNpQh4BQVKXo8Up74rec3tn4/82h1XWoTBNQ4i3vJpNxCeYBSN1M4cJE1GJbkckqbkHuYc+yY5LpqXEt0e5tuZrF2wxyDzxJmSbCn/dH8LAOV25qvZCVns8wCZpFo3HDvCVkIVCib5MN2MNY8o69MubxgaUJ/rVjK+Y0iOjNIhXqhMBUjG6u+JhPpaD3zXdPoUe3rWG4n/eY0YvdNWIoIoRh6wyUdeLAmGZBQK6QjFGcqBIZQpYXYlrEcVZWiiS5sQnNmT50n1pODYBefKpHEGE6RgHw4hBw4UoQQXUIYKMHiAZ3iFN+vRerHerY9J64I1ndmDP7A+fwA9e5nF</latexit><latexit sha1_base64="MHJTvsZByyPM9+hfbqWLPpvE7uw=">AAACB3icbVC7SgNBFJ2Nrxhfq5aCDAYhKQy7NrEM2tgZwTwgu4bZyWwyZPbBzF0hLulsrGz9AgsbC0Vs/QU7/8bJo9DEAxfOnHMvc+/xYsEVWNa3kVlYXFpeya7m1tY3NrfM7Z26ihJJWY1GIpJNjygmeMhqwEGwZiwZCTzBGl7/bOQ3bphUPAqvYBAzNyDdkPucEtBS29xPHUoEvhhiRzAfCrZ1nR6V9Uvybg+KbTNvlawx8DyxpyRfKT7cxtmnx2rb/HI6EU0CFgIVRKmWbcXgpkQCp4INc06iWExon3RZS9OQBEy56fiOIT7USgf7kdQVAh6rvydSEig1CDzdGRDoqVlvJP7ntRLwT9yUh3ECLKSTj/xEYIjwKBTc4ZJREANNCJVc74ppj0hCQUeX0yHYsyfPk/pxybZK9qVO4xRNkEV76AAVkI3KqILOURXVEEV36Bm9ojfj3ngx3o2PSWvGmM7soj8wPn8ABg2bGw==</latexit><latexit sha1_base64="MHJTvsZByyPM9+hfbqWLPpvE7uw=">AAACB3icbVC7SgNBFJ2Nrxhfq5aCDAYhKQy7NrEM2tgZwTwgu4bZyWwyZPbBzF0hLulsrGz9AgsbC0Vs/QU7/8bJo9DEAxfOnHMvc+/xYsEVWNa3kVlYXFpeya7m1tY3NrfM7Z26ihJJWY1GIpJNjygmeMhqwEGwZiwZCTzBGl7/bOQ3bphUPAqvYBAzNyDdkPucEtBS29xPHUoEvhhiRzAfCrZ1nR6V9Uvybg+KbTNvlawx8DyxpyRfKT7cxtmnx2rb/HI6EU0CFgIVRKmWbcXgpkQCp4INc06iWExon3RZS9OQBEy56fiOIT7USgf7kdQVAh6rvydSEig1CDzdGRDoqVlvJP7ntRLwT9yUh3ECLKSTj/xEYIjwKBTc4ZJREANNCJVc74ppj0hCQUeX0yHYsyfPk/pxybZK9qVO4xRNkEV76AAVkI3KqILOURXVEEV36Bm9ojfj3ngx3o2PSWvGmM7soj8wPn8ABg2bGw==</latexit><latexit sha1_base64="w5v6yEa83lX5OGDXjjp6IHzELSA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5bETV0W3bizgn1AE8tkOmmHTiZh5kYooTs3/oobF4q49Rfc+TdO2yy0euDCmXPuZe49QSK4Bsf5sgpLyyura8X10sbm1vaOvbvX0nGqKGvSWMSqExDNBJesCRwE6ySKkSgQrB2MLqd++54pzWN5C+OE+REZSB5ySsBIPfsw8ygR+HqCPcFCqLjOXXZaMy/FB0M46dllp+rMgP8SNydllKPRsz+9fkzTiEmggmjddZ0E/Iwo4FSwSclLNUsIHZEB6xoqScS0n83umOBjo/RxGCtTEvBM/TmRkUjrcRSYzojAUC96U/E/r5tCeO5nXCYpMEnnH4WpwBDjaSi4zxWjIMaGEKq42RXTIVGEgomuZEJwF0/+S1pnVdepujdOuX6Rx1FEB+gIVZCLaqiOrlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fyAuX8w==</latexit>

k < 0.3
<latexit sha1_base64="atCZANBHJwUefKte02ts3A8M+Uo=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuBoyuqgLwaIblxXsBdqhZtJMGyaTGZKMUIY+hBsXirj1edz5KO5MLwtt/SHw8f/nkHNOkAquDcZfTmFldW19o7hZ2tre2d0r7x80dZIpyho0EYlqB0QzwSVrGG4Ea6eKkTgQrBVEN5O89ciU5om8N6OU+TEZSB5ySoy1WhG6RNg975Ur2MVToWXw5lC5+g7DBwCo98qf3X5Cs5hJQwXRuuPh1Pg5UYZTwcalbqZZSmhEBqxjUZKYaT+fjjtGJ9bpozBR9kmDpu7vjpzEWo/iwFbGxAz1YjYx/8s6mQkv/JzLNDNM0tlHYSaQSdBkd9TnilEjRhYIVdzOiuiQKEKNvVDJHsFbXHkZmmeuh13vDldq1zBTEY7gGE7BgyrU4Bbq0AAKETzBC7w6qfPsvDnvs9KCM+85hD9yPn4Ah0KQmA==</latexit><latexit sha1_base64="qp8kPo8V9opaZh5r0MDrrZHrySU=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuBoyutCFYNGNywr2Au1QMmmmDZPJDElGKEMfwo0LRdz6PO58FHem0y609YfAx/+fQ845QSq4Nhh/OaWV1bX1jfJmZWt7Z3evun/Q0kmmKGvSRCSqExDNBJesabgRrJMqRuJAsHYQ3U7z9iNTmifywYxT5sdkKHnIKTHWakfoCmH3vF+tYRcXQsvgzaF2/R0WavSrn71BQrOYSUMF0brr4dT4OVGGU8EmlV6mWUpoRIasa1GSmGk/L8adoBPrDFCYKPukQYX7uyMnsdbjOLCVMTEjvZhNzf+ybmbCSz/nMs0Mk3T2UZgJZBI03R0NuGLUiLEFQhW3syI6IopQYy9UsUfwFldehtaZ62HXu8e1+g3MVIYjOIZT8OAC6nAHDWgChQie4AVendR5dt6c91lpyZn3HMIfOR8/KDyR0A==</latexit><latexit sha1_base64="qp8kPo8V9opaZh5r0MDrrZHrySU=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuBoyutCFYNGNywr2Au1QMmmmDZPJDElGKEMfwo0LRdz6PO58FHem0y609YfAx/+fQ845QSq4Nhh/OaWV1bX1jfJmZWt7Z3evun/Q0kmmKGvSRCSqExDNBJesabgRrJMqRuJAsHYQ3U7z9iNTmifywYxT5sdkKHnIKTHWakfoCmH3vF+tYRcXQsvgzaF2/R0WavSrn71BQrOYSUMF0brr4dT4OVGGU8EmlV6mWUpoRIasa1GSmGk/L8adoBPrDFCYKPukQYX7uyMnsdbjOLCVMTEjvZhNzf+ybmbCSz/nMs0Mk3T2UZgJZBI03R0NuGLUiLEFQhW3syI6IopQYy9UsUfwFldehtaZ62HXu8e1+g3MVIYjOIZT8OAC6nAHDWgChQie4AVendR5dt6c91lpyZn3HMIfOR8/KDyR0A==</latexit><latexit sha1_base64="3Q/lfjcNFE0xqQcpfb/0Bf8oZJc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU9joQQ8eil48VrAf0Iay2W7aJZtN2N0IJfRHePGgiFd/jzf/jds0B219MPB4b4aZeUEquDYYfzuVtfWNza3qdm1nd2//oH541NFJpihr00QkqhcQzQSXrG24EayXKkbiQLBuEN3N/e4TU5on8tFMU+bHZCx5yCkxVupG6AZh93JYb2AXF0CrxCtJA0q0hvWvwSihWcykoYJo3fdwavycKMOpYLPaINMsJTQiY9a3VJKYaT8vzp2hM6uMUJgoW9KgQv09kZNY62kc2M6YmIle9ubif14/M+G1n3OZZoZJulgUZgKZBM1/RyOuGDViagmhittbEZ0QRaixCdVsCN7yy6ukc+F62PUecKN5W8ZRhRM4hXPw4AqacA8taAOFCJ7hFd6c1Hlx3p2PRWvFKWeO4Q+czx9LnI40</latexit>

k < 0.1
<latexit sha1_base64="B/9wi0wJPAahs6zvSgzYUKMuroM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stBAM2lhGMB+QHHFvs5cst7d37M4J4ciPsLFQxNbfY+dPsXPzUWjig4HHezPMzAtSKQy67pdTWFldW98obpa2tnd298r7B02TZJrxBktkotsBNVwKxRsoUPJ2qjmNA8lbQXQz8VuPXBuRqHscpdyP6UCJUDCKVmpF5JK4Va9XrrhVdwqyTLw5qVx9h+EDANR75c9uP2FZzBUySY3peG6Kfk41Cib5uNTNDE8pi+iAdyxVNObGz6fnjsmJVfokTLQthWSq/p7IaWzMKA5sZ0xxaBa9ifif18kwvPBzodIMuWKzRWEmCSZk8jvpC80ZypEllGlhbyVsSDVlaBMq2RC8xZeXSfOs6tnE7txK7RpmKMIRHMMpeHAONbiFOjSAQQRP8AKvTuo8O2/O+6y14MxnDuEPnI8fhDqQlg==</latexit><latexit sha1_base64="m7Mw6GMc0ms/YsiGJEldjd2qXEw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFoJBG8sI5gOSI+xt9pLl9vaO3TkhHPkRNhaK2Pp77Pwpdm4uKTTxwcDjvRlm5gWpFAZd98tZWV1b39gsbZW3d3b39isHhy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbQXQ79duPXBuRqAccp9yP6VCJUDCKVmpH5Iq4Na9fqbo1twBZJt6cVK+/wwKNfuWzN0hYFnOFTFJjup6bop9TjYJJPin3MsNTyiI65F1LFY258fPi3Ak5tcqAhIm2pZAU6u+JnMbGjOPAdsYUR2bRm4r/ed0Mw0s/FyrNkCs2WxRmkmBCpr+TgdCcoRxbQpkW9lbCRlRThjahsg3BW3x5mbTOa55N7N6t1m9ghhIcwwmcgQcXUIc7aEATGETwBC/w6qTOs/PmvM9aV5z5zBH8gfPxAyU0kc4=</latexit><latexit sha1_base64="m7Mw6GMc0ms/YsiGJEldjd2qXEw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFoJBG8sI5gOSI+xt9pLl9vaO3TkhHPkRNhaK2Pp77Pwpdm4uKTTxwcDjvRlm5gWpFAZd98tZWV1b39gsbZW3d3b39isHhy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbQXQ79duPXBuRqAccp9yP6VCJUDCKVmpH5Iq4Na9fqbo1twBZJt6cVK+/wwKNfuWzN0hYFnOFTFJjup6bop9TjYJJPin3MsNTyiI65F1LFY258fPi3Ak5tcqAhIm2pZAU6u+JnMbGjOPAdsYUR2bRm4r/ed0Mw0s/FyrNkCs2WxRmkmBCpr+TgdCcoRxbQpkW9lbCRlRThjahsg3BW3x5mbTOa55N7N6t1m9ghhIcwwmcgQcXUIc7aEATGETwBC/w6qTOs/PmvM9aV5z5zBH8gfPxAyU0kc4=</latexit><latexit sha1_base64="A/Z2pw0Z+htibnxoC9ZlYVQAH3Q=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERtLGMYD4gOcLeZi5Zbm/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAKro3rfjuljc2t7Z3ybmVv/+DwqHp80tFJphi2WSIS1QuoRsEltg03AnupQhoHArtBdDf3u0+oNE/ko5mm6Md0LHnIGTVW6kbkhrh1b1ituXV3AbJOvILUoEBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW+ppDFqP1+cOyMXVhmRMFG2pCEL9fdETmOtp3FgO2NqJnrVm4v/ef3MhA0/5zLNDEq2XBRmgpiEzH8nI66QGTG1hDLF7a2ETaiizNiEKjYEb/XlddK5qns2sQe31rwt4ijDGZzDJXhwDU24hxa0gUEEz/AKb07qvDjvzseyteQUM6fwB87nD0iUjjI=</latexit>



Summary  

•  GDM extends CDM with 3 new parameters:  
•  Captures phenomenology of many popular alternatives 
•  Data-driven null test/confirmation of standard model 

•  Robust constant GDM parameter constraints:  
                                       (Expansion history important; degeneracies) 
 

 

                                       (CMB lensing and LSS important ) 
 
•  Time dependent constraints on       
             constrains dark matter density over cosmic time 

•  Hints… 
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�
<latexit sha1_base64="ntAzTQbCOvkkVK/P8EC47W60uGk=">AAACBXicbVC7SgNBFL0bXzG+opZaDAYhFoZdLbQM2KQzAfOAbAyzk9lkyOyDmbtCWNLY+Cs2ForY+g92/o2TR6GJBy4czrmXe+/xYik02va3lVlZXVvfyG7mtrZ3dvfy+wcNHSWK8TqLZKRaHtVcipDXUaDkrVhxGniSN73hzcRvPnClRRTe4SjmnYD2Q+ELRtFI3fxx6jIqye3YldzHomPfp+eXY1eJ/gDPuvmCXbKnIMvEmZNC2cnVCABUu/kvtxexJOAhMkm1bjt2jJ2UKhRM8nHOTTSPKRvSPm8bGtKA6046/WJMTo3SI36kTIVIpurviZQGWo8Cz3QGFAd60ZuI/3ntBP3rTirCOEEestkiP5EEIzKJhPSE4gzlyBDKlDC3EjagijI0weVMCM7iy8ukcVFy7JJTM2lUYIYsHMEJFMGBKyhDBapQBwaP8Ayv8GY9WS/Wu/Uxa81Y85lD+APr8wdJrJiN</latexit><latexit sha1_base64="KOC1PAhf7MYd2oabMat8Jfw27gc=">AAACBXicbVC7SgNBFJ2Nj8T1tWolWgwGIRaGXS20DNikMwHzgOwaZiezyeDsg5m7QljS2PgrNhaK2PoHFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej5yJe8P4KRrFe2yPQFeJM6MFCuOWd//zHdrXevL7cU0DVkEVBClOo6dgJcRCZwKNjLdVLGE0DvSZx1NIxIy5WWTL0b4WCs9HMRSVwR4ov6eyEio1DD0dWdIYKDmvbH4n9dJIbj0Mh4lKbCIThcFqcAQ43EkuMcloyCGmhAqub4V0wGRhIIOztQhOPMvL5LmWdmxy05dp1FFUxTQATpCJeSgC1RBVVRDDUTRA3pCL+jVeDSejTfjfdqaM2Yze+gPjI8f3DqZug==</latexit><latexit sha1_base64="KOC1PAhf7MYd2oabMat8Jfw27gc=">AAACBXicbVC7SgNBFJ2Nj8T1tWolWgwGIRaGXS20DNikMwHzgOwaZiezyeDsg5m7QljS2PgrNhaK2PoHFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej5yJe8P4KRrFe2yPQFeJM6MFCuOWd//zHdrXevL7cU0DVkEVBClOo6dgJcRCZwKNjLdVLGE0DvSZx1NIxIy5WWTL0b4WCs9HMRSVwR4ov6eyEio1DD0dWdIYKDmvbH4n9dJIbj0Mh4lKbCIThcFqcAQ43EkuMcloyCGmhAqub4V0wGRhIIOztQhOPMvL5LmWdmxy05dp1FFUxTQATpCJeSgC1RBVVRDDUTRA3pCL+jVeDSejTfjfdqaM2Yze+gPjI8f3DqZug==</latexit><latexit sha1_base64="mHFOltGLDD7PJsxC/L57jpj/nyE=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhFoZZLbQM2KQzgnlAdg2zk9lkyOyDmbtCWLax8VdsLBSx9R/s/Bsnj0KjBy4czrmXe+/xEyk0EPJlFZaWV1bXiuuljc2t7R17d6+l41Qx3mSxjFXHp5pLEfEmCJC8kyhOQ1/ytj+6mvjte660iKNbGCfcC+kgEoFgFIzUsw8zl1GJr3NX8gAqDrnLTs9zV4nBEE56dplUyRT4L3HmpIzmaPTsT7cfszTkETBJte46JAEvowoEkzwvuanmCWUjOuBdQyMacu1l0y9yfGyUPg5iZSoCPFV/TmQ01Hoc+qYzpDDUi95E/M/rphBcepmIkhR4xGaLglRiiPEkEtwXijOQY0MoU8LcitmQKsrABFcyITiLL/8lrbOqQ6rODSnX6vM4iugAHaEKctAFqqE6aqAmYugBPaEX9Go9Ws/Wm/U+ay1Y85l99AvWxzcKhZeh</latexit>

O
�
10�6

�
<latexit sha1_base64="eXQ6SJwYzbhBbCnPGahPsextQPk=">AAACBXicbVC7SgNBFL0bXzG+opZaDAYhFoZdC7UM2KQzAfOAbAyzk9lkyOyDmbtCWNLY+Cs2ForY+g92/o2TR6GJBy4czrmXe+/xYik02va3lVlZXVvfyG7mtrZ3dvfy+wcNHSWK8TqLZKRaHtVcipDXUaDkrVhxGniSN73hzcRvPnClRRTe4SjmnYD2Q+ELRtFI3fxx6jIqye3YldzHomPfp+eXY1eJ/gDPuvmCXbKnIMvEmZNC2cnVCABUu/kvtxexJOAhMkm1bjt2jJ2UKhRM8nHOTTSPKRvSPm8bGtKA6046/WJMTo3SI36kTIVIpurviZQGWo8Cz3QGFAd60ZuI/3ntBP3rTirCOEEestkiP5EEIzKJhPSE4gzlyBDKlDC3EjagijI0weVMCM7iy8ukcVFy7JJTM2lUYIYsHMEJFMGBKyhDBapQBwaP8Ayv8GY9WS/Wu/Uxa81Y85lD+APr8wdOUJiQ</latexit><latexit sha1_base64="kgWbUN+rYxk9tfj+6ktUHSdD3ZY=">AAACBXicbVC7SgNBFJ2Nj8T1tWolWgwGIRaGXQu1DNikMwHzgOwaZiezyeDsg5m7QljS2PgrNhaK2PoHFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej5yJe8P4KRrFe2yPQFeJM6MFCuOWd//zHdrXevL7cU0DVkEVBClOo6dgJcRCZwKNjLdVLGE0DvSZx1NIxIy5WWTL0b4WCs9HMRSVwR4ov6eyEio1DD0dWdIYKDmvbH4n9dJIbj0Mh4lKbCIThcFqcAQ43EkuMcloyCGmhAqub4V0wGRhIIOztQhOPMvL5LmWdmxy05dp1FFUxTQATpCJeSgC1RBVVRDDUTRA3pCL+jVeDSejTfjfdqaM2Yze+gPjI8f4N6ZvQ==</latexit><latexit sha1_base64="kgWbUN+rYxk9tfj+6ktUHSdD3ZY=">AAACBXicbVC7SgNBFJ2Nj8T1tWolWgwGIRaGXQu1DNikMwHzgOwaZiezyeDsg5m7QljS2PgrNhaK2PoHFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej5yJe8P4KRrFe2yPQFeJM6MFCuOWd//zHdrXevL7cU0DVkEVBClOo6dgJcRCZwKNjLdVLGE0DvSZx1NIxIy5WWTL0b4WCs9HMRSVwR4ov6eyEio1DD0dWdIYKDmvbH4n9dJIbj0Mh4lKbCIThcFqcAQ43EkuMcloyCGmhAqub4V0wGRhIIOztQhOPMvL5LmWdmxy05dp1FFUxTQATpCJeSgC1RBVVRDDUTRA3pCL+jVeDSejTfjfdqaM2Yze+gPjI8f4N6ZvQ==</latexit><latexit sha1_base64="B9Hksc9iQo3byGdTRzzPN503Ofg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhFoZZC7UM2KQzgnlAdg2zk9lkyOyDmbtCWLax8VdsLBSx9R/s/Bsnj0KjBy4czrmXe+/xEyk0EPJlFZaWV1bXiuuljc2t7R17d6+l41Qx3mSxjFXHp5pLEfEmCJC8kyhOQ1/ytj+6mvjte660iKNbGCfcC+kgEoFgFIzUsw8zl1GJr3NX8gAqDrnLTs9zV4nBEE56dplUyRT4L3HmpIzmaPTsT7cfszTkETBJte46JAEvowoEkzwvuanmCWUjOuBdQyMacu1l0y9yfGyUPg5iZSoCPFV/TmQ01Hoc+qYzpDDUi95E/M/rphBcepmIkhR4xGaLglRiiPEkEtwXijOQY0MoU8LcitmQKsrABFcyITiLL/8lrbOqQ6rODSnX6vM4iugAHaEKctAFqqE6aqAmYugBPaEX9Go9Ws/Wm/U+ay1Y85l99AvWxzcPKZek</latexit>

c2vis
<latexit sha1_base64="lIlGyhPZdK57DApqVdaxQi0IYXA=">AAAB9XicbVC5TgMxEJ3lDOEKUNJYREipot00UEaioQyIHFIueR1vYsXrXdmzgWiV/6ChACFa/oUOKj4F5ygg4UkjPb03o5l5fiyFQdf9dNbWNza3tjM72d29/YPD3NFxzUSJZrzKIhnphk8Nl0LxKgqUvBFrTkNf8ro/vJr69RHXRkTqDscxb4e0r0QgGEUrdVin1G0hf8B0JMykm8u7RXcGskq8BcmXS4WvbwCodHMfrV7EkpArZJIa0/TcGNsp1SiY5JNsKzE8pmxI+7xpqaIhN+10dvWEnFulR4JI21JIZurviZSGxoxD33aGFAdm2ZuK/3nNBIPLdipUnCBXbL4oSCTBiEwjID2hOUM5toQyLeythA2opgxtUFkbgrf88iqplYqeW/RubBq3MEcGTuEMCuDBBZThGipQBQYaHuEZXpx758l5dd7mrWvOYuYE/sB5/wENkJUj</latexit><latexit sha1_base64="a8+ary8JZSK94+LYBugWtgV6Tkw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eFoOQU9jNRY8BLx6jmAckmzA76SRDZmeXmd5oWPIfXjwo4tWfED/Am14Fv8PJ46CJBQ1FVTfdXX4kuEbH+bBSK6tr6xvpzczW9s7uXnb/oKrDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATV/cD7xa0NQmofyGkcReAHtSd7ljKKRWqxVbDcRbjEZcj1uZ3NOwZnCXibunORKxfzn1/frW7mdfW92QhYHIJEJqnXDdSL0EqqQMwHjTDPWEFE2oD1oGCppANpLpleP7ROjdOxuqExJtKfq74mEBlqPAt90BhT7etGbiP95jRi7Z17CZRQjSDZb1I2FjaE9icDucAUMxcgQyhQ3t9qsTxVlaILKmBDcxZeXSbVYcJ2Ce2nSuCIzpMkROSZ54pJTUiIXpEwqhBFF7sgDebRurHvryXqetaas+cwh+QPr5QdThZeW</latexit><latexit sha1_base64="a8+ary8JZSK94+LYBugWtgV6Tkw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eFoOQU9jNRY8BLx6jmAckmzA76SRDZmeXmd5oWPIfXjwo4tWfED/Am14Fv8PJ46CJBQ1FVTfdXX4kuEbH+bBSK6tr6xvpzczW9s7uXnb/oKrDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATV/cD7xa0NQmofyGkcReAHtSd7ljKKRWqxVbDcRbjEZcj1uZ3NOwZnCXibunORKxfzn1/frW7mdfW92QhYHIJEJqnXDdSL0EqqQMwHjTDPWEFE2oD1oGCppANpLpleP7ROjdOxuqExJtKfq74mEBlqPAt90BhT7etGbiP95jRi7Z17CZRQjSDZb1I2FjaE9icDucAUMxcgQyhQ3t9qsTxVlaILKmBDcxZeXSbVYcJ2Ce2nSuCIzpMkROSZ54pJTUiIXpEwqhBFF7sgDebRurHvryXqetaas+cwh+QPr5QdThZeW</latexit><latexit sha1_base64="WZS+q7ArqShBwCgE2x58JHO7Ht8=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrLTQBmJhjIg8pDy0vmyTk45n627dSCy8h80FCBEy7/Q8TdcEheQMNJKo5ld7e74sRQGXffbyW1sbm3v5HcLe/sHh0fF45OGiRLNoc4jGemWzwxIoaCOAiW0Yg0s9CU0/fHN3G9OQBsRqQecxtAN2VCJQHCGVurxXqXfQXjCdCLMrF8suWV3AbpOvIyUSIZav/jVGUQ8CUEhl8yYtufG2E2ZRsElzAqdxEDM+JgNoW2pYiGYbrq4ekYvrDKgQaRtKaQL9fdEykJjpqFvO0OGI7PqzcX/vHaCwXU3FSpOEBRfLgoSSTGi8wjoQGjgKKeWMK6FvZXyEdOMow2qYEPwVl9eJ41K2XPL3p1bqt5nceTJGTknl8QjV6RKbkmN1AknmjyTV/LmPDovzrvzsWzNOdnMKfkD5/MH6bSSzw==</latexit>

c2s
<latexit sha1_base64="g8qa4BK22gpm4p+av3skIXA62ds=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoOQKtylMWXAxjKK+YDkDHubuWTJ3t6xuyeEIz/CxkIRW3+PnVb+FDcfhSY+GHi8N8PMvCARXBvX/XRyG5tb2zv53cLe/sHhUfH4pKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMbz+g0jyWd2aSoB/RoeQhZ9RYqc3uq/1MT/vFkltx5yDrxFuSUr1a/voGgEa/+NEbxCyNUBomqNZdz02Mn1FlOBM4LfRSjQllYzrErqWSRqj9bH7ulFxYZUDCWNmShszV3xMZjbSeRIHtjKgZ6VVvJv7ndVMT1vyMyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2BC81ZfXSata8dyKd2PTuIUF8nAG51AGDy6hDtfQgCYwGMMjPMOLkzhPzqvztmjNOcuZU/gD5/0HY2GR3Q==</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="m3VZhGPFuBQg0MVkKpuGrM5/Y9Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9jNRY8BLx6jmAcka5iddJIhs7PLzKwQlnyEFw+KePVDxA/wplfB73DyOGhiQUNR1U13VxALro3rfjiZldW19Y3sZm5re2d3L79/UNdRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8HziN25RaR7JazOK0Q9pX/IeZ9RYqcFuyp1Ujzv5gltypyDLxJuTQqVc/Pz6fn2rdvLv7W7EkhClYYJq3fLc2PgpVYYzgeNcO9EYUzakfWxZKmmI2k+n547JiVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQO96E3E/7xWYnpnfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rZELzFl5dJvVzy3JJ3adO4ghmycATHUAQPTqECF1CFGjAYwh08wKMTO/fOk/M8a80485lD+APn5QepVpRQ</latexit><latexit sha1_base64="NqiZwp3cO9FOhMmr2mSI1YfohO4=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9EjixSMaCyRQyXbZwobtttmdmpCGH+HFg8Z49fd489+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxn2WyER3Q2q4FIr7KFDybqo5jUPJO+HkZu53nrg2IlEPOE15ENOREpFgFK3UYY+NQW5mg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBfnzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swug5yodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81ZfXSbtR99y6d+fWmvdFHGU4g3O4BA+uoAm30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AT+Uj4k=</latexit>

w
<latexit sha1_base64="jy7Qj19WGXeu0T7EHNi02ZXKbEE=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2FgmYh6QhLC3mUvW7O0du3tKOAL2NhaK2Pon2Yj/jZtHoYkfLPz4vhl2ZoJEcG0879tZWl5ZXVvPbbibW9s7u/m9/ZqOU8WwymIRq0ZANQousWq4EdhIFNIoEFgPBlfjvH6PSvNY3pphgu2I9iQPOaPGWpWHTr7gFb2JyCL4MyhcfrkXjwBQ7uQ/W92YpRFKwwTVuul7iWlnVBnOBI7cVqoxoWxAe9i0KGmEup1NBh2RY+t0SRgr+6QhE/d3R0YjrYdRYCsjavp6Phub/2XN1ITn7YzLJDUo2fSjMBXExGS8NelyhcyIoQXKFLezEtanijJjb+PaI/jzKy9C7bToe0W/4hVKNzBVDg7hCE7AhzMowTWUoQoMEJ7gBV6dO+fZeXPep6VLzqznAP7I+fgBbTyO5A==</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="R24YjQwTHCDIvht4KKSuwJwTni4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UpLYWIKRjwQuZG+Zg5W9vcvunoZc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+W9mSboR3QkecgZNVZqPg3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/WabqV+l8dRhDM4h0vw4BrqcAsNaAEDhGd4hTfnwXlx3p2PZWvByWdO4Q+czx/oRY0H</latexit>

& 

w
<latexit sha1_base64="jy7Qj19WGXeu0T7EHNi02ZXKbEE=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2FgmYh6QhLC3mUvW7O0du3tKOAL2NhaK2Pon2Yj/jZtHoYkfLPz4vhl2ZoJEcG0879tZWl5ZXVvPbbibW9s7u/m9/ZqOU8WwymIRq0ZANQousWq4EdhIFNIoEFgPBlfjvH6PSvNY3pphgu2I9iQPOaPGWpWHTr7gFb2JyCL4MyhcfrkXjwBQ7uQ/W92YpRFKwwTVuul7iWlnVBnOBI7cVqoxoWxAe9i0KGmEup1NBh2RY+t0SRgr+6QhE/d3R0YjrYdRYCsjavp6Phub/2XN1ITn7YzLJDUo2fSjMBXExGS8NelyhcyIoQXKFLezEtanijJjb+PaI/jzKy9C7bToe0W/4hVKNzBVDg7hCE7AhzMowTWUoQoMEJ7gBV6dO+fZeXPep6VLzqznAP7I+fgBbTyO5A==</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="Qa3HAPEvkmfo36OHzVyOuhR1oKU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZL3oRA148JmIWSIbQ06lJ2vQsdPcoYcgTePGgiFd9Iy/Bt7GzHDTxh4aP/6+iq8pPBFfacb6t3Mrq2vpGftPe2t7Z3SvsH9RVnEqGNRaLWDZ9qlDwCGuaa4HNRCINfYENf3A9yRsPKBWPozs9TNALaS/iAWdUG6v62CkUnZIzFVkGdw7Fq7F9mXyO7Uqn8NXuxiwNMdJMUKVarpNoL6NScyZwZLdThQllA9rDlsGIhqi8bDroiJwYp0uCWJoXaTJ1f3dkNFRqGPqmMqS6rxaziflf1kp1cOFlPEpSjRGbfRSkguiYTLYmXS6RaTE0QJnkZlbC+lRSps1tbHMEd3HlZaiflVyn5FadYvkWZsrDERzDKbhwDmW4gQrUgAHCE7zAq3VvPVtv1vusNGfNew7hj6yPH17LkFg=</latexit><latexit sha1_base64="R24YjQwTHCDIvht4KKSuwJwTni4=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UpLYWIKRjwQuZG+Zg5W9vcvunoZc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+W9mSboR3QkecgZNVZqPg3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/WabqV+l8dRhDM4h0vw4BrqcAsNaAEDhGd4hTfnwXlx3p2PZWvByWdO4Q+czx/oRY0H</latexit>

c2vis
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Hints… and the future 
•  Rigorously modelling non-linear scales crucial to 

determining the nature of the dark matter 
 

•  Possible detection:  
     halomodel needs to be verified in detail 
 

•  Currently close to a detection of EFTofLSS level 
parameters: 

     Simons Observatory CMB lensing might deliver this? 

•  Work in progress on full scale and time dependence… 
tentative        detections… BUT lots of interesting 
nuances that are currently under investigation… 

 
 
 

Watch this space… 
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Auxiliary Slides 
 



Cosmological Cold DM Paradigm 

Collisionless, initially cold, dark matter particle: 
1.  Decouples when non-relativistic 
2.  Collisionless for all cosmological purposes 
3.  Negligible velocity dispersion 

 

Calculationally: 
•  Cosmological perturbation theory (linear scales only) 
               Pressureless perfect fluid 
•  N-body simulations (all scales) 
               Vlasov equation; cold initial conditions; not a fluid; 
               shell crossing          velocity dispersion becomes non-zero 



Relating GDM to models 

•  WDM: parameters scale as 
•  FDM/axions:  
•  Self interacting DM, e.g. coupled “dark atoms” and “dark 

photons” 
•  EFTofLSS: nonlinearities on small scales have an effect on 

linear scales, so even CDM isn’t pressureless perfect fluid. 
    Parameters                with approximate time dependence  
•  Other ways to generalise perfect fluids or multiple coupled 

perfect fluids 
•  Note: WIMPs have non-zero GDM parameters, 

a�2
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<latexit sha1_base64="xGP0chnLG58vv9rd0/bUoES3fEU=">AAACBnicbVDJSgNBEK2JW4xb1KMIjUGIB8OMB/UY8JKbCZgFMjH0dHqSJj0L3TVCGHLy4q948aCIV7/Bm39jZzlo4oOCx3tVVNXzYik02va3lVlZXVvfyG7mtrZ3dvfy+wcNHSWK8TqLZKRaHtVcipDXUaDkrVhxGniSN73hzcRvPnClRRTe4SjmnYD2Q+ELRtFI3fxx6jIqye3YldzHomPfp+eXY+Iq0R/gWTdfsEv2FGSZOHNSKDu5GgGAajf/5fYilgQ8RCap1m3HjrGTUoWCST7OuYnmMWVD2udtQ0MacN1Jp2+MyalResSPlKkQyVT9PZHSQOtR4JnOgOJAL3oT8T+vnaB/3UlFGCfIQzZb5CeSYEQmmZCeUJyhHBlCmRLmVsIGVFGGJrmcCcFZfHmZNC5Kjl1yaiaNCsyQhSM4gSI4cAVlqEAV6sDgEZ7hFd6sJ+vFerc+Zq0Zaz5zCH9gff4ArCWYug==</latexit><latexit sha1_base64="A0k1uyBXISN9rj4AblNzEHZ8t3Q=">AAACBnicbVC7SgNBFJ2Nj8T1tWolIgwGIRaGXQu1DNikMwHzgOwaZiezyeDsg5m7QlhS2fgrNhaK2PoFFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej7CruT9AZx0raJdtifAi8SZkWLFMev7n/lurWt9ub2YpiGLgAqiVMexE/AyIoFTwUammyqWEHpH+qyjaURCprxs8sYIH2ulh4NY6ooAT9TfExkJlRqGvu4MCQzUvDcW//M6KQSXXsajJAUW0emiIBUYYjzOBPe4ZBTEUBNCJde3YjogklDQyZk6BGf+5UXSPCs7dtmp6zSqaIoCOkBHqIQcdIEqqIpqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZg/9gfHxAz7Cmec=</latexit><latexit sha1_base64="A0k1uyBXISN9rj4AblNzEHZ8t3Q=">AAACBnicbVC7SgNBFJ2Nj8T1tWolIgwGIRaGXQu1DNikMwHzgOwaZiezyeDsg5m7QlhS2fgrNhaK2PoFFnb+jZNHoYkHLhzOuZd77/ETwRXY9reRW1peWc0X1sz1jc2tbWtnt6niVFLWoLGIZdsnigkesQZwEKydSEZCX7CWf3c19lv3TCoeRzcwTJgXkn7EA04JaKlrHWYuJQJfj1zBAig59m12ej7CruT9AZx0raJdtifAi8SZkWLFMev7n/lurWt9ub2YpiGLgAqiVMexE/AyIoFTwUammyqWEHpH+qyjaURCprxs8sYIH2ulh4NY6ooAT9TfExkJlRqGvu4MCQzUvDcW//M6KQSXXsajJAUW0emiIBUYYjzOBPe4ZBTEUBNCJde3YjogklDQyZk6BGf+5UXSPCs7dtmp6zSqaIoCOkBHqIQcdIEqqIpqqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZg/9gfHxAz7Cmec=</latexit><latexit sha1_base64="0FFHb9sAzybELjVvlIWRalcLPDg=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAYhFoZZC7UM2KQzgnlAdg2zk9lkyOyDmbtCWLay8VdsLBSx9Rvs/Bsnj0KjBy4czrmXe+/xEyk0EPJlFZaWV1bXiuuljc2t7R17d6+l41Qx3mSxjFXHp5pLEfEmCJC8kyhOQ1/ytj+6mvjte660iKNbGCfcC+kgEoFgFIzUsw8zl1GJr3NX8gAqDrnLTs9z7CoxGMJJzy6TKpkC/yXOnJTRHI2e/en2Y5aGPAImqdZdhyTgZVSBYJLnJTfVPKFsRAe8a2hEQ669bPpGjo+N0sdBrExFgKfqz4mMhlqPQ990hhSGetGbiP953RSCSy8TUZICj9hsUZBKDDGeZIL7QnEGcmwIZUqYWzEbUkUZmORKJgRn8eW/pHVWdUjVuSHlWn0eRxEdoCNUQQ66QDVURw3URAw9oCf0gl6tR+vZerPeZ60Faz6zj37B+vgGbP6Xzg==</latexit>

O
�
10�20

�
<latexit sha1_base64="RZhgXLxKacDkSgE/3LPqDNtVKd0=">AAACB3icbVDJSgNBEK2JW4xb1KMgjUGIB8NMLnoMeMnNBMwCmRh6Oj1Jk56F7hohDLl58Ve8eFDEq7/gzb+xsxw08UHB470qqup5sRQabfvbyqytb2xuZbdzO7t7+wf5w6OmjhLFeINFMlJtj2ouRcgbKFDydqw4DTzJW97oZuq3HrjSIgrvcBzzbkAHofAFo2ikXv40dRmV5HbiSu5j0bHv08uyPSGuEoMhXvTyBbtkz0BWibMghYqTqxMAqPXyX24/YknAQ2SSat1x7Bi7KVUomOSTnJtoHlM2ogPeMTSkAdfddPbHhJwbpU/8SJkKkczU3xMpDbQeB57pDCgO9bI3Ff/zOgn6191UhHGCPGTzRX4iCUZkGgrpC8UZyrEhlClhbiVsSBVlaKLLmRCc5ZdXSbNccuySUzdpVGGOLJzAGRTBgSuoQBVq0AAGj/AMr/BmPVkv1rv1MW/NWIuZY/gD6/MHHGaY8A==</latexit><latexit sha1_base64="Gbid0drDdRunfgrk7U0UY2yOsk0=">AAACB3icbVC7SgNBFJ2Nj8T1tWolggwGIRaG3TRaBmzSmYB5QHYNs5PZZMjsg5m7QljS2fgrNhaK2PoDFnb+jZPEQhMPXDiccy/33uMngiuw7S8jt7K6tp4vbJibW9s7u9befkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3Q19dt3TCoeRzcwTpgXkkHEA04JaKlnHWcuJQJfT1zBAig59m12XrEn2JV8MISznlW0y/YMeJk4P6RYdczG4Ue+V+9Zn24/pmnIIqCCKNV17AS8jEjgVLCJ6aaKJYSOyIB1NY1IyJSXzf6Y4FOt9HEQS10R4Jn6eyIjoVLj0NedIYGhWvSm4n9eN4Xg0st4lKTAIjpfFKQCQ4ynoeA+l4yCGGtCqOT6VkyHRBIKOjpTh+AsvrxMWpWyY5edhk6jhuYooCN0gkrIQReoimqojpqIonv0iJ7Ri/FgPBmvxtu8NWf8zBygPzDevwGu9Jod</latexit><latexit sha1_base64="Gbid0drDdRunfgrk7U0UY2yOsk0=">AAACB3icbVC7SgNBFJ2Nj8T1tWolggwGIRaG3TRaBmzSmYB5QHYNs5PZZMjsg5m7QljS2fgrNhaK2PoDFnb+jZPEQhMPXDiccy/33uMngiuw7S8jt7K6tp4vbJibW9s7u9befkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3Q19dt3TCoeRzcwTpgXkkHEA04JaKlnHWcuJQJfT1zBAig59m12XrEn2JV8MISznlW0y/YMeJk4P6RYdczG4Ue+V+9Zn24/pmnIIqCCKNV17AS8jEjgVLCJ6aaKJYSOyIB1NY1IyJSXzf6Y4FOt9HEQS10R4Jn6eyIjoVLj0NedIYGhWvSm4n9eN4Xg0st4lKTAIjpfFKQCQ4ynoeA+l4yCGGtCqOT6VkyHRBIKOjpTh+AsvrxMWpWyY5edhk6jhuYooCN0gkrIQReoimqojpqIonv0iJ7Ri/FgPBmvxtu8NWf8zBygPzDevwGu9Jod</latexit><latexit sha1_base64="ghK8F037Ft+mDCQbUdEDG3y19u4=">AAACB3icbVC7SgNBFJ31GeNr1VKQwSDEwjCbRsuATTojmAdk1zA7mU2GzD6YuSuEZTsbf8XGQhFbf8HOv3HyKDTxwIXDOfdy7z1+IoUGQr6tldW19Y3NwlZxe2d3b98+OGzpOFWMN1ksY9XxqeZSRLwJAiTvJIrT0Je87Y+uJ377gSst4ugOxgn3QjqIRCAYBSP17JPMZVTim9yVPICyQ+6ziyrJsavEYAjnPbtEKmQKvEycOSmhORo9+8vtxywNeQRMUq27DknAy6gCwSTPi26qeULZiA5419CIhlx72fSPHJ8ZpY+DWJmKAE/V3xMZDbUeh77pDCkM9aI3Ef/zuikEV14moiQFHrHZoiCVGGI8CQX3heIM5NgQypQwt2I2pIoyMNEVTQjO4svLpFWtOKTi3JJSrT6Po4CO0SkqIwddohqqowZqIoYe0TN6RW/Wk/VivVsfs9YVaz5zhP7A+vwB3TCYBA==</latexit>

(DfH)2
<latexit sha1_base64="u28W1/VorQxsiYCnMnhp/lU8rAE=">AAACBHicbVC7SgNBFL0bXzG+opZpBoMQm7CbRsuAFikjmAdkY5idzCZDZh/M3BXiksLGX7GxUMTWj7Cz9E+cPApNPHDhcM693HuPF0uh0ba/rMza+sbmVnY7t7O7t3+QPzxq6ihRjDdYJCPV9qjmUoS8gQIlb8eK08CTvOWNLqd+644rLaLwBscx7wZ0EApfMIpG6uULruQ+lq58krqMSlKbEFeJwRDPbiu9fNEu2zOQVeIsSLFauv+uAkC9l/90+xFLAh4ik1TrjmPH2E2pQsEkn+TcRPOYshEd8I6hIQ247qazJybk1Ch94kfKVIhkpv6eSGmg9TjwTGdAcaiXvan4n9dJ0L/opiKME+Qhmy/yE0kwItNESF8ozlCODaFMCXMrYUOqKEOTW86E4Cy/vEqalbJjl51rk0YN5shCAU6gBA6cQxVqUIcGMHiAJ3iBV+vRerberPd5a8ZazBzDH1gfP5dZmPY=</latexit><latexit sha1_base64="6DzFYaJ7QROWTSmH3TiLbT/WlOo=">AAACBHicbVC7SgNBFJ31GeNrfXRpBoMQm7CbRsuAgikjmAdkY5idzCZDZmeXmbtCXFLY+Cs2IorY+hF2lv6Jk0ehiQcuHM65l3vv8WPBNTjOl7W0vLK6tp7ZyG5ube/s2nv7dR0lirIajUSkmj7RTHDJasBBsGasGAl9wRr+4HzsN26Z0jyS1zCMWTskPckDTgkYqWPnPMECKFwEOPUoEbgywp7ivT6c3JQ6dt4pOhPgReLOSL5cuPu+fD5Mqx370+tGNAmZBCqI1i3XiaGdEgWcCjbKeolmMaED0mMtQyUJmW6nkydG+NgoXRxEypQEPFF/T6Qk1HoY+qYzJNDX895Y/M9rJRCctVMu4wSYpNNFQSIwRHicCO5yxSiIoSGEKm5uxbRPFKFgcsuaENz5lxdJvVR0naJ7ZdKooCkyKIeOUAG56BSVUQVVUQ1RdI8e0Qt6tR6sJ+vNep+2LlmzmQP0B9bHD0iQmjo=</latexit><latexit sha1_base64="6DzFYaJ7QROWTSmH3TiLbT/WlOo=">AAACBHicbVC7SgNBFJ31GeNrfXRpBoMQm7CbRsuAgikjmAdkY5idzCZDZmeXmbtCXFLY+Cs2IorY+hF2lv6Jk0ehiQcuHM65l3vv8WPBNTjOl7W0vLK6tp7ZyG5ube/s2nv7dR0lirIajUSkmj7RTHDJasBBsGasGAl9wRr+4HzsN26Z0jyS1zCMWTskPckDTgkYqWPnPMECKFwEOPUoEbgywp7ivT6c3JQ6dt4pOhPgReLOSL5cuPu+fD5Mqx370+tGNAmZBCqI1i3XiaGdEgWcCjbKeolmMaED0mMtQyUJmW6nkydG+NgoXRxEypQEPFF/T6Qk1HoY+qYzJNDX895Y/M9rJRCctVMu4wSYpNNFQSIwRHicCO5yxSiIoSGEKm5uxbRPFKFgcsuaENz5lxdJvVR0naJ7ZdKooCkyKIeOUAG56BSVUQVVUQ1RdI8e0Qt6tR6sJ+vNep+2LlmzmQP0B9bHD0iQmjo=</latexit><latexit sha1_base64="pInVSaPfp7lsL8gf8b1YWNiO2Wg=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQxCbMJdGi0DWqSMYD4gd4a9zV6yZG/v2J0TwpHCxr9iY6GIrT/Czn/jJrlCEx8MPN6bYWZekAiuwXG+rcLG5tb2TnG3tLd/cHhkH590dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waT67nffWBK81jewTRhfkRGkoecEjDSwC57goVQvQlx5lEicHOGPcVHY7i4rw/silNzFsDrxM1JBeVoDewvbxjTNGISqCBa910nAT8jCjgVbFbyUs0SQidkxPqGShIx7WeLJ2b43ChDHMbKlAS8UH9PZCTSehoFpjMiMNar3lz8z+unEF75GZdJCkzS5aIwFRhiPE8ED7liFMTUEEIVN7diOiaKUDC5lUwI7urL66RTr7lOzb11Ko1mHkcRldEZqiIXXaIGaqIWaiOKHtEzekVv1pP1Yr1bH8vWgpXPnKI/sD5/AN/XlvM=</latexit>

c2s = (k/2am)2
<latexit sha1_base64="sJxrh4mFErX78/DV/ry+eo8Ssgc=">AAACA3icbVC7SgNBFL3rM8bXqp02i0GITdxNo40QsEkZwTwgu4bZyWwyZPbBzF0hLgEbf8XGQhFbf8LO0j9x8ig08cCFwzn3cu89fiK4Qtv+MpaWV1bX1nMb+c2t7Z1dc2+/oeJUUlansYhlyyeKCR6xOnIUrJVIRkJfsKY/uBr7zTsmFY+jGxwmzAtJL+IBpwS11DEP6W25oy5dwQIsDs7KJHQl7/XxVMtmwS7ZE1iLxJmRQqV4/10BgFrH/HS7MU1DFiEVRKm2YyfoZUQip4KN8m6qWELogPRYW9OIhEx52eSHkXWila4VxFJXhNZE/T2RkVCpYejrzpBgX817Y/E/r51icOFlPEpSZBGdLgpSYWFsjQOxulwyimKoCaGS61st2ieSUNSx5XUIzvzLi6RRLjl2ybnWaVRhihwcwTEUwYFzqEAValAHCg/wBC/wajwaz8ab8T5tXTJmMwfwB8bHDxFzmLI=</latexit><latexit sha1_base64="DlpQFm6Hzvj7IyvTeS3zfYs9HUg=">AAACA3icbVDJSgNBEO2JW4zbuJz00hiEeIkzuehFCHgwxwhmgcwYejo9SZOehe4aIQ4BL/6KF0FFvPoT3jz6J3aWgyY+KHi8V0VVPS8WXIFlfRmZhcWl5ZXsam5tfWNzy9zeqasokZTVaCQi2fSIYoKHrAYcBGvGkpHAE6zh9S9GfuOWScWj8BoGMXMD0g25zykBLbXNfXpTaqtzRzAfCv2TEgkcybs9ONaymbeK1hh4nthTki8X7r4vn/fSatv8dDoRTQIWAhVEqZZtxeCmRAKngg1zTqJYTGifdFlL05AETLnp+IchPtJKB/uR1BUCHqu/J1ISKDUIPN0ZEOipWW8k/ue1EvDP3JSHcQIspJNFfiIwRHgUCO5wySiIgSaESq5vxbRHJKGgY8vpEOzZl+dJvVS0raJ9pdOooAmy6AAdogKy0Skqowqqohqi6B49ohf0ajwYT8ab8T5pzRjTmV30B8bHD8KbmfY=</latexit><latexit sha1_base64="DlpQFm6Hzvj7IyvTeS3zfYs9HUg=">AAACA3icbVDJSgNBEO2JW4zbuJz00hiEeIkzuehFCHgwxwhmgcwYejo9SZOehe4aIQ4BL/6KF0FFvPoT3jz6J3aWgyY+KHi8V0VVPS8WXIFlfRmZhcWl5ZXsam5tfWNzy9zeqasokZTVaCQi2fSIYoKHrAYcBGvGkpHAE6zh9S9GfuOWScWj8BoGMXMD0g25zykBLbXNfXpTaqtzRzAfCv2TEgkcybs9ONaymbeK1hh4nthTki8X7r4vn/fSatv8dDoRTQIWAhVEqZZtxeCmRAKngg1zTqJYTGifdFlL05AETLnp+IchPtJKB/uR1BUCHqu/J1ISKDUIPN0ZEOipWW8k/ue1EvDP3JSHcQIspJNFfiIwRHgUCO5wySiIgSaESq5vxbRHJKGgY8vpEOzZl+dJvVS0raJ9pdOooAmy6AAdogKy0Skqowqqohqi6B49ohf0ajwYT8ab8T5pzRjTmV30B8bHD8KbmfY=</latexit><latexit sha1_base64="C7R4YDjpsUK39zDaY+dEnLsRT0Y=">AAACA3icbVBNS8NAEN34WetX1JtegkWol5r0oheh4KXHCvYDmlg22027dHcTdidCCQUv/hUvHhTx6p/w5r9x2+agrQ8GHu/NMDMvTDjT4Lrf1srq2vrGZmGruL2zu7dvHxy2dJwqQpsk5rHqhFhTziRtAgNOO4miWISctsPRzdRvP1ClWSzvYJzQQOCBZBEjGIzUs4/JfbWnr31OIyiPLqpY+IoNhnBuZLvkVtwZnGXi5aSEcjR69pffj0kqqATCsdZdz00gyLACRjidFP1U0wSTER7QrqESC6qDbPbDxDkzSt+JYmVKgjNTf09kWGg9FqHpFBiGetGbiv953RSiqyBjMkmBSjJfFKXcgdiZBuL0maIE+NgQTBQztzpkiBUmYGIrmhC8xZeXSata8dyKd+uWavU8jgI6QaeojDx0iWqojhqoiQh6RM/oFb1ZT9aL9W59zFtXrHzmCP2B9fkDWfGWrw==</latexit>

w = c2vis = 0
<latexit sha1_base64="IytbtY32vvcWh5cXbXkXo8y4Fcs=">AAAB+3icbVDJTgJBEK3BDXEb8ehlIjHhRGY4qBcSEi8cMZElARx7mh7o0LOkuwYhE37FiweN8eqPePNvbJaDgi+p5OW9qlTV82LBFdr2t5HZ2t7Z3cvu5w4Oj45PzNN8U0WJpKxBIxHJtkcUEzxkDeQoWDuWjASeYC1vdDv3W2MmFY/Ce5zGrBeQQch9TglqyTXzTxX6UHa7yCaYjrmaVWzXLNglewFrkzgrUqgWr9JHAKi75le3H9EkYCFSQZTqOHaMvZRI5FSwWa6bKBYTOiID1tE0JAFTvXRx+8y61Erf8iOpK0Rrof6eSEmg1DTwdGdAcKjWvbn4n9dJ0L/ppTyME2QhXS7yE2FhZM2DsPpcMopiqgmhkutbLTokklDUceV0CM76y5ukWS45dsm502nUYIksnMMFFMGBa6hCDerQAAoTeIZXeDNmxovxbnwsWzPGauYM/sD4/AG9fJW4</latexit><latexit sha1_base64="lCKsiVKeqUzLjTHXU5mcZpyhUGs=">AAAB+3icbVDLSsNAFJ3UV62vWJfdBIvQVUm6UDeFgpviqoJ9QFvDZDpph04mYeamtoT8ihsXirj1R9z5Ff6C08dCWw9cOJxzL/fe40WcKbDtLyOztb2zu5fdzx0cHh2fmKf5lgpjSWiThDyUHQ8rypmgTWDAaSeSFAcep21vfDP32xMqFQvFPcwi2g/wUDCfEQxacs38Y5U8VNwe0CkkE6bSqu2aRbtsL2BtEmdFirXSZeIWvm8brvnZG4QkDqgAwrFSXceOoJ9gCYxwmuZ6saIRJmM8pF1NBQ6o6ieL21PrQisDyw+lLgHWQv09keBAqVng6c4Aw0ite3PxP68bg3/dT5iIYqCCLBf5MbcgtOZBWAMmKQE+0wQTyfStFhlhiQnouHI6BGf95U3SqpQdu+zc6TTqaIksKqBzVEIOukI1VEcN1EQETdETekGvRmo8G2/G+7I1Y6xmztAfGB8/gkuXCw==</latexit><latexit sha1_base64="lCKsiVKeqUzLjTHXU5mcZpyhUGs=">AAAB+3icbVDLSsNAFJ3UV62vWJfdBIvQVUm6UDeFgpviqoJ9QFvDZDpph04mYeamtoT8ihsXirj1R9z5Ff6C08dCWw9cOJxzL/fe40WcKbDtLyOztb2zu5fdzx0cHh2fmKf5lgpjSWiThDyUHQ8rypmgTWDAaSeSFAcep21vfDP32xMqFQvFPcwi2g/wUDCfEQxacs38Y5U8VNwe0CkkE6bSqu2aRbtsL2BtEmdFirXSZeIWvm8brvnZG4QkDqgAwrFSXceOoJ9gCYxwmuZ6saIRJmM8pF1NBQ6o6ieL21PrQisDyw+lLgHWQv09keBAqVng6c4Aw0ite3PxP68bg3/dT5iIYqCCLBf5MbcgtOZBWAMmKQE+0wQTyfStFhlhiQnouHI6BGf95U3SqpQdu+zc6TTqaIksKqBzVEIOukI1VEcN1EQETdETekGvRmo8G2/G+7I1Y6xmztAfGB8/gkuXCw==</latexit><latexit sha1_base64="2TFwle3XoK2n9wnZoURUsor0Sus=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJJe9FIoeOmxgv2ANobNdtMu3WzC7qS2hP4VLx4U8eof8ea/cdvmoK0PBh7vzTAzL0gE1+A439bW9s7u3n7hoHh4dHxyap+V2jpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8d3C70yY0jyWDzBLmBeRoeQhpwSM5Nulpxp9rPp9YFPIJlzPa45vl52KswTeJG5OyihH07e/+oOYphGTQAXRuuc6CXgZUcCpYPNiP9UsIXRMhqxnqCQR0162vH2Or4wywGGsTEnAS/X3REYirWdRYDojAiO97i3E/7xeCuGtl3GZpMAkXS0KU4Ehxosg8IArRkHMDCFUcXMrpiOiCAUTV9GE4K6/vEna1YrrVNx7p1xv5HEU0AW6RNfIRTeojhqoiVqIoil6Rq/ozZpbL9a79bFq3bLymXP0B9bnD8BnlD8=</latexit>



Closure Equations 

•  Can be approx derived from Boltzmann hierarchy 
•  Higher moments comprise the Hubble friction term 
•  Similar to coupled photon-baryon fluid 

⌃̇ = �3H⌃+
4

1 + w
c2vis⇥̂

<latexit sha1_base64="myH/lipM+mKJsLKKTOuT968+Ab0="></latexit><latexit sha1_base64="KCnLUcOPFsTT9OHSOBAxqB9FrC8="></latexit><latexit sha1_base64="KCnLUcOPFsTT9OHSOBAxqB9FrC8="></latexit><latexit sha1_base64="i33/AgbcZzSzFyTxXhZLmIk9y9U="></latexit>

•  Choice of gauge invariant density: fluid rest frame is natural choice 
•  Separates equation of state and sound speed phenomenology: 
     Adiabatic part has no effect deep in horizon 
                    causes oscillations and is the sound speed 
                  reduces to adiabatic case 
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<latexit sha1_base64="INGyf/CNqRpJnihgVSkh32q9Yec="></latexit><latexit sha1_base64="y7jKMykdwlcHlpDt8PWHQ5XgsEk="></latexit><latexit sha1_base64="y7jKMykdwlcHlpDt8PWHQ5XgsEk="></latexit><latexit sha1_base64="m/4tzfpzbeaabBRHySmhNVyhucs="></latexit>
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(         ) 



Closure equations 
Many gory details… see 1605.00649 
•  Natural (not mandatory) to associate pressure with density and 

shear with velocity 
•  Eqn of state creates adiabatic sound speed 
     (pressure that is in sync with density pert) 
•  Non-adiabatic pressure controlled by sound speed parameter 
•  Aim to separate phenomenology: 
Shear damps &diff between potentials; pressure causes oscillations 
Viscosity is thickness of fluid; resistance to shearing flows 
GDM agnostic about cause of pressure (vel disp, interactions); 
these are differentiated through shear. 
 
More than choice can be motivated. 
Justification is which existing model phenomenology is captured. 
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Phenomenology of GDM 



GDM CMB phenomenology:  
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Evolution of density perturbations affects gravitational potentials 
           Main effect on CMB is lensing 
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