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<latexit sha1_base64="KBsVN8Ul09awNKuGd2lkRDFKUd8=">AAAB3nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKL/AS8OIxAfOAJMTZSW8yZPbBTK8QQq5eRLwo+En+gn/jJNlLogUDRVUN3dV+oqQh1/1xcmvrG5tb+e3Czu7e/kHx8Khh4lQLrItYxbrlc4NKRlgnSQpbiUYe+gqb/uh+5jefURsZR480TrAb8kEkAyk4WalGvWLJLbtzsL/Ey0gJMlR7xe9OPxZpiBEJxY1pe25C3QnXJIXCaaGTGky4GPEBTubrTdmZlfosiLV9EbG5upTjoTHj0LfJkNPQrHoz8T+vnVJw253IKEkJI7EYFKSKUcxmXVlfahSkxpZwoaXdkIkh11yQvUjBVvdWi/4ljYuyd12+ql2WKnfZEfJwAqdwDh7cQAUeoAp1EIDwCh/w6Tw5L86b876I5pzszzEswfn6BdaBiKY=</latexit>

t
<latexit sha1_base64="wuYDcQfv363C+HxpOdUW9nbudwY=">AAAB4XicbVDLSgMxFL1TX7W+qi7dBIvgqsz4qIqbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvzLSzaeuBwOGcE+4914+lMOi6v05ubX1jcyu/XdjZ3ds/KB4eNUyUaMbrLJKRbvnUcCkUr6NAyVux5jT0JW/6o4fUb75wbUSknnEc825IB0oEglFMJe+uctkrltyyOwNZJV5GSpCh1iv+dPoRS0KukElqTNtzY+xOqEbBJJ8WOonhMWUjOuCT2YZTcmalPgkibZ9CMlMXcjQ0Zhz6NhlSHJplLxX/89oJBrfdiVBxglyx+aAgkQQjktYlfaE5Qzm2hDIt7IaEDammDO1RCra6t1x0lTQuyl6lfP10VareZ0fIwwmcwjl4cANVeIQa1IHBEN7gE74c5rw6787HPJpzsj/HsADn+w/SpYkj</latexit>
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<latexit sha1_base64="FAh6us4X/Occ5hNBTUaRtWy/VCU=">AAAB4XicbVDLSgMxFL2pr1pfVZdugkVwVWZqfYCbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvnGln09YDgcM5J9x7rhcpadFxfkluY3Nreye/W9jbPzg8Kh6fNG0YGy4aPFShaXvMCiW1aKBEJdqRESzwlGh544fUb70IY2Won3ESiV7Ahlr6kjNMpYpTueoXS07ZmYOuEzcjJchQ7xd/uoOQx4HQyBWztuM6EfamzKDkSswK3diKiPExG4rpfMMZvUikAfVDkzyNdK4u5Vhg7STwkmTAcGRXvVT8z+vE6N/1plJHMQrNF4P8WFEMaVqXDqQRHNUkIYwbmWxI+YgZxjE5SiGp7q4WXSfNStm9KV8/VUu1++wIeTiDc7gEF26hBo9QhwZwGMEbfMIX4eSVvJOPRTRHsj+nsATy/QfA2okX</latexit>

2023



<latexit sha1_base64="KBsVN8Ul09awNKuGd2lkRDFKUd8=">AAAB3nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKL/AS8OIxAfOAJMTZSW8yZPbBTK8QQq5eRLwo+En+gn/jJNlLogUDRVUN3dV+oqQh1/1xcmvrG5tb+e3Czu7e/kHx8Khh4lQLrItYxbrlc4NKRlgnSQpbiUYe+gqb/uh+5jefURsZR480TrAb8kEkAyk4WalGvWLJLbtzsL/Ey0gJMlR7xe9OPxZpiBEJxY1pe25C3QnXJIXCaaGTGky4GPEBTubrTdmZlfosiLV9EbG5upTjoTHj0LfJkNPQrHoz8T+vnVJw253IKEkJI7EYFKSKUcxmXVlfahSkxpZwoaXdkIkh11yQvUjBVvdWi/4ljYuyd12+ql2WKnfZEfJwAqdwDh7cQAUeoAp1EIDwCh/w6Tw5L86b876I5pzszzEswfn6BdaBiKY=</latexit>

t
<latexit sha1_base64="wuYDcQfv363C+HxpOdUW9nbudwY=">AAAB4XicbVDLSgMxFL1TX7W+qi7dBIvgqsz4qIqbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvzLSzaeuBwOGcE+4914+lMOi6v05ubX1jcyu/XdjZ3ds/KB4eNUyUaMbrLJKRbvnUcCkUr6NAyVux5jT0JW/6o4fUb75wbUSknnEc825IB0oEglFMJe+uctkrltyyOwNZJV5GSpCh1iv+dPoRS0KukElqTNtzY+xOqEbBJJ8WOonhMWUjOuCT2YZTcmalPgkibZ9CMlMXcjQ0Zhz6NhlSHJplLxX/89oJBrfdiVBxglyx+aAgkQQjktYlfaE5Qzm2hDIt7IaEDammDO1RCra6t1x0lTQuyl6lfP10VareZ0fIwwmcwjl4cANVeIQa1IHBEN7gE74c5rw6787HPJpzsj/HsADn+w/SpYkj</latexit>

1963
<latexit sha1_base64="FAh6us4X/Occ5hNBTUaRtWy/VCU=">AAAB4XicbVDLSgMxFL2pr1pfVZdugkVwVWZqfYCbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvnGln09YDgcM5J9x7rhcpadFxfkluY3Nreye/W9jbPzg8Kh6fNG0YGy4aPFShaXvMCiW1aKBEJdqRESzwlGh544fUb70IY2Won3ESiV7Ahlr6kjNMpYpTueoXS07ZmYOuEzcjJchQ7xd/uoOQx4HQyBWztuM6EfamzKDkSswK3diKiPExG4rpfMMZvUikAfVDkzyNdK4u5Vhg7STwkmTAcGRXvVT8z+vE6N/1plJHMQrNF4P8WFEMaVqXDqQRHNUkIYwbmWxI+YgZxjE5SiGp7q4WXSfNStm9KV8/VUu1++wIeTiDc7gEF26hBo9QhwZwGMEbfMIX4eSVvJOPRTRHsj+nsATy/QfA2okX</latexit>

2023
<latexit sha1_base64="3tWi6dicDY5v8KN7s3M2Ve7A/U8=">AAAB5XicbVDLSgMxFL3xWeur6tJNsAiuyoz4xE3BjcsK9gFtqZk004ZmJkNyRyiln+BGxI2Cv+Mv+Dem7WzaeiBwOOeEe88NEiUtet4vWVldW9/YzG3lt3d29/YLB4c1q1PDRZVrpU0jYFYoGYsqSlSikRjBokCJejC4n/j1F2Gs1PETDhPRjlgvlqHkDJ3UaFkZ0edbr1MoeiVvCrpM/IwUIUOlU/hpdTVPIxEjV8zapu8l2B4xg5IrMc63UisSxgesJ0bTLcf01EldGmrjXox0qs7lWGTtMApcMmLYt4veRPzPa6YY3rRHMk5SFDGfDQpTRVHTSWXalUZwVENHGDfSbUh5nxnG0R0m76r7i0WXSe285F+VLh8viuW77Ag5OIYTOAMfrqEMD1CBKnBQ8Aaf8EV65JW8k49ZdIVkf45gDuT7D/2RiwY=</latexit>

⇠ ‘90



<latexit sha1_base64="KBsVN8Ul09awNKuGd2lkRDFKUd8=">AAAB3nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKL/AS8OIxAfOAJMTZSW8yZPbBTK8QQq5eRLwo+En+gn/jJNlLogUDRVUN3dV+oqQh1/1xcmvrG5tb+e3Czu7e/kHx8Khh4lQLrItYxbrlc4NKRlgnSQpbiUYe+gqb/uh+5jefURsZR480TrAb8kEkAyk4WalGvWLJLbtzsL/Ey0gJMlR7xe9OPxZpiBEJxY1pe25C3QnXJIXCaaGTGky4GPEBTubrTdmZlfosiLV9EbG5upTjoTHj0LfJkNPQrHoz8T+vnVJw253IKEkJI7EYFKSKUcxmXVlfahSkxpZwoaXdkIkh11yQvUjBVvdWi/4ljYuyd12+ql2WKnfZEfJwAqdwDh7cQAUeoAp1EIDwCh/w6Tw5L86b876I5pzszzEswfn6BdaBiKY=</latexit>

t
<latexit sha1_base64="wuYDcQfv363C+HxpOdUW9nbudwY=">AAAB4XicbVDLSgMxFL1TX7W+qi7dBIvgqsz4qIqbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvzLSzaeuBwOGcE+4914+lMOi6v05ubX1jcyu/XdjZ3ds/KB4eNUyUaMbrLJKRbvnUcCkUr6NAyVux5jT0JW/6o4fUb75wbUSknnEc825IB0oEglFMJe+uctkrltyyOwNZJV5GSpCh1iv+dPoRS0KukElqTNtzY+xOqEbBJJ8WOonhMWUjOuCT2YZTcmalPgkibZ9CMlMXcjQ0Zhz6NhlSHJplLxX/89oJBrfdiVBxglyx+aAgkQQjktYlfaE5Qzm2hDIt7IaEDammDO1RCra6t1x0lTQuyl6lfP10VareZ0fIwwmcwjl4cANVeIQa1IHBEN7gE74c5rw6787HPJpzsj/HsADn+w/SpYkj</latexit>

1963
<latexit sha1_base64="FAh6us4X/Occ5hNBTUaRtWy/VCU=">AAAB4XicbVDLSgMxFL2pr1pfVZdugkVwVWZqfYCbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvnGln09YDgcM5J9x7rhcpadFxfkluY3Nreye/W9jbPzg8Kh6fNG0YGy4aPFShaXvMCiW1aKBEJdqRESzwlGh544fUb70IY2Won3ESiV7Ahlr6kjNMpYpTueoXS07ZmYOuEzcjJchQ7xd/uoOQx4HQyBWztuM6EfamzKDkSswK3diKiPExG4rpfMMZvUikAfVDkzyNdK4u5Vhg7STwkmTAcGRXvVT8z+vE6N/1plJHMQrNF4P8WFEMaVqXDqQRHNUkIYwbmWxI+YgZxjE5SiGp7q4WXSfNStm9KV8/VUu1++wIeTiDc7gEF26hBo9QhwZwGMEbfMIX4eSVvJOPRTRHsj+nsATy/QfA2okX</latexit>

2023
<latexit sha1_base64="3tWi6dicDY5v8KN7s3M2Ve7A/U8=">AAAB5XicbVDLSgMxFL3xWeur6tJNsAiuyoz4xE3BjcsK9gFtqZk004ZmJkNyRyiln+BGxI2Cv+Mv+Dem7WzaeiBwOOeEe88NEiUtet4vWVldW9/YzG3lt3d29/YLB4c1q1PDRZVrpU0jYFYoGYsqSlSikRjBokCJejC4n/j1F2Gs1PETDhPRjlgvlqHkDJ3UaFkZ0edbr1MoeiVvCrpM/IwUIUOlU/hpdTVPIxEjV8zapu8l2B4xg5IrMc63UisSxgesJ0bTLcf01EldGmrjXox0qs7lWGTtMApcMmLYt4veRPzPa6YY3rRHMk5SFDGfDQpTRVHTSWXalUZwVENHGDfSbUh5nxnG0R0m76r7i0WXSe285F+VLh8viuW77Ag5OIYTOAMfrqEMD1CBKnBQ8Aaf8EV65JW8k49ZdIVkf45gDuT7D/2RiwY=</latexit>

⇠ ‘90



Standard cosmological model

<latexit sha1_base64="ZKn5CDeXE4V4vGkMGOYMZmz1EXU=">AAAB3nicdVDLSgMxFL3js9ZX1aWbYBFcDTNifeCm4MZlC/YBbamZNNOGZiZDckcopVs3Im4U/CR/wb8x0xahPg4EDueccO+5QSKFQc/7dJaWV1bX1nMb+c2t7Z3dwt5+3ahUM15jSirdDKjhUsS8hgIlbyaa0yiQvBEMbzK/8cC1ESq+w1HCOxHtxyIUjKKVqtgtFD33KkOJ+K43xW9ShDkq3cJHu6dYGvEYmaTGtHwvwc6YahRM8km+nRqeUDakfT6erjchx1bqkVBp+2IkU3UhRyNjRlFgkxHFgfnpZeJfXivF8LIzFnGSIo/ZbFCYSoKKZF1JT2jOUI4soUwLuyFhA6opQ3uRvK3+f+NvUj91/XO3VD0rlq/nR8jBIRzBCfhwAWW4hQrUgAGHJ3iFN+feeXSenZdZdMmZ/zmABTjvXyGWiNo=</latexit>

t

1963



Goals of cosmology today

• How did the Universe begin (inflation, one or many fields, etc.) and what is its 
history (expansion history, thermal history, etc.)


• What is it made of (usual matter, dark matter, dark energy, neutrinos, etc.) 


• What are its physical laws (general relativity, modified gravity, etc.)


• …

Answer these questions:



<latexit sha1_base64="KBsVN8Ul09awNKuGd2lkRDFKUd8=">AAAB3nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKL/AS8OIxAfOAJMTZSW8yZPbBTK8QQq5eRLwo+En+gn/jJNlLogUDRVUN3dV+oqQh1/1xcmvrG5tb+e3Czu7e/kHx8Khh4lQLrItYxbrlc4NKRlgnSQpbiUYe+gqb/uh+5jefURsZR480TrAb8kEkAyk4WalGvWLJLbtzsL/Ey0gJMlR7xe9OPxZpiBEJxY1pe25C3QnXJIXCaaGTGky4GPEBTubrTdmZlfosiLV9EbG5upTjoTHj0LfJkNPQrHoz8T+vnVJw253IKEkJI7EYFKSKUcxmXVlfahSkxpZwoaXdkIkh11yQvUjBVvdWi/4ljYuyd12+ql2WKnfZEfJwAqdwDh7cQAUeoAp1EIDwCh/w6Tw5L86b876I5pzszzEswfn6BdaBiKY=</latexit>

t
<latexit sha1_base64="wuYDcQfv363C+HxpOdUW9nbudwY=">AAAB4XicbVDLSgMxFL1TX7W+qi7dBIvgqsz4qIqbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvzLSzaeuBwOGcE+4914+lMOi6v05ubX1jcyu/XdjZ3ds/KB4eNUyUaMbrLJKRbvnUcCkUr6NAyVux5jT0JW/6o4fUb75wbUSknnEc825IB0oEglFMJe+uctkrltyyOwNZJV5GSpCh1iv+dPoRS0KukElqTNtzY+xOqEbBJJ8WOonhMWUjOuCT2YZTcmalPgkibZ9CMlMXcjQ0Zhz6NhlSHJplLxX/89oJBrfdiVBxglyx+aAgkQQjktYlfaE5Qzm2hDIt7IaEDammDO1RCra6t1x0lTQuyl6lfP10VareZ0fIwwmcwjl4cANVeIQa1IHBEN7gE74c5rw6787HPJpzsj/HsADn+w/SpYkj</latexit>
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<latexit sha1_base64="FAh6us4X/Occ5hNBTUaRtWy/VCU=">AAAB4XicbVDLSgMxFL2pr1pfVZdugkVwVWZqfYCbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvnGln09YDgcM5J9x7rhcpadFxfkluY3Nreye/W9jbPzg8Kh6fNG0YGy4aPFShaXvMCiW1aKBEJdqRESzwlGh544fUb70IY2Won3ESiV7Ahlr6kjNMpYpTueoXS07ZmYOuEzcjJchQ7xd/uoOQx4HQyBWztuM6EfamzKDkSswK3diKiPExG4rpfMMZvUikAfVDkzyNdK4u5Vhg7STwkmTAcGRXvVT8z+vE6N/1plJHMQrNF4P8WFEMaVqXDqQRHNUkIYwbmWxI+YgZxjE5SiGp7q4WXSfNStm9KV8/VUu1++wIeTiDc7gEF26hBo9QhwZwGMEbfMIX4eSVvJOPRTRHsj+nsATy/QfA2okX</latexit>

2023
<latexit sha1_base64="3tWi6dicDY5v8KN7s3M2Ve7A/U8=">AAAB5XicbVDLSgMxFL3xWeur6tJNsAiuyoz4xE3BjcsK9gFtqZk004ZmJkNyRyiln+BGxI2Cv+Mv+Dem7WzaeiBwOOeEe88NEiUtet4vWVldW9/YzG3lt3d29/YLB4c1q1PDRZVrpU0jYFYoGYsqSlSikRjBokCJejC4n/j1F2Gs1PETDhPRjlgvlqHkDJ3UaFkZ0edbr1MoeiVvCrpM/IwUIUOlU/hpdTVPIxEjV8zapu8l2B4xg5IrMc63UisSxgesJ0bTLcf01EldGmrjXox0qs7lWGTtMApcMmLYt4veRPzPa6YY3rRHMk5SFDGfDQpTRVHTSWXalUZwVENHGDfSbUh5nxnG0R0m76r7i0WXSe285F+VLh8viuW77Ag5OIYTOAMfrqEMD1CBKnBQ8Aaf8EV65JW8k49ZdIVkf45gDuT7D/2RiwY=</latexit>

⇠ ‘90
<latexit sha1_base64="I2HCOIaOgZliNLxwvZm8OXVSM6w=">AAAB4XicbVDLSgMxFL1TX7W+qi7dBIvgqmSK1YKbghuXFewD2lIyaaYNzTxI7gil9APciLhR8If8Bf/GTDubth4IHM454d5zvVhJg5T+Ormt7Z3dvfx+4eDw6PikeHrWMlGiuWjySEW64zEjlAxFEyUq0Ym1YIGnRNubPKR++0VoI6PwGaex6AdsFEpfcoapVKG0NiiWaJkuQDaJm5ESZGgMij+9YcSTQITIFTOm69IY+zOmUXIl5oVeYkTM+ISNxGyx4ZxcWWlI/EjbFyJZqCs5FhgzDTybDBiOzbqXiv953QT9Wn8mwzhBEfLlID9RBCOS1iVDqQVHNbWEcS3thoSPmWYc7VEKtrq7XnSTtCpl97Zcfbop1e+zI+ThAi7hGly4gzo8QgOawGEMb/AJXw53Xp1352MZzTnZn3NYgfP9B8VGiRo=</latexit>

2008

My arrival



<latexit sha1_base64="KBsVN8Ul09awNKuGd2lkRDFKUd8=">AAAB3nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKL/AS8OIxAfOAJMTZSW8yZPbBTK8QQq5eRLwo+En+gn/jJNlLogUDRVUN3dV+oqQh1/1xcmvrG5tb+e3Czu7e/kHx8Khh4lQLrItYxbrlc4NKRlgnSQpbiUYe+gqb/uh+5jefURsZR480TrAb8kEkAyk4WalGvWLJLbtzsL/Ey0gJMlR7xe9OPxZpiBEJxY1pe25C3QnXJIXCaaGTGky4GPEBTubrTdmZlfosiLV9EbG5upTjoTHj0LfJkNPQrHoz8T+vnVJw253IKEkJI7EYFKSKUcxmXVlfahSkxpZwoaXdkIkh11yQvUjBVvdWi/4ljYuyd12+ql2WKnfZEfJwAqdwDh7cQAUeoAp1EIDwCh/w6Tw5L86b876I5pzszzEswfn6BdaBiKY=</latexit>

t
<latexit sha1_base64="FAh6us4X/Occ5hNBTUaRtWy/VCU=">AAAB4XicbVDLSgMxFL2pr1pfVZdugkVwVWZqfYCbghuXFewD2lIyaaYNzWSG5I5QSj/AjYgbBX/IX/BvnGln09YDgcM5J9x7rhcpadFxfkluY3Nreye/W9jbPzg8Kh6fNG0YGy4aPFShaXvMCiW1aKBEJdqRESzwlGh544fUb70IY2Won3ESiV7Ahlr6kjNMpYpTueoXS07ZmYOuEzcjJchQ7xd/uoOQx4HQyBWztuM6EfamzKDkSswK3diKiPExG4rpfMMZvUikAfVDkzyNdK4u5Vhg7STwkmTAcGRXvVT8z+vE6N/1plJHMQrNF4P8WFEMaVqXDqQRHNUkIYwbmWxI+YgZxjE5SiGp7q4WXSfNStm9KV8/VUu1++wIeTiDc7gEF26hBo9QhwZwGMEbfMIX4eSVvJOPRTRHsj+nsATy/QfA2okX</latexit>

2023
<latexit sha1_base64="3tWi6dicDY5v8KN7s3M2Ve7A/U8=">AAAB5XicbVDLSgMxFL3xWeur6tJNsAiuyoz4xE3BjcsK9gFtqZk004ZmJkNyRyiln+BGxI2Cv+Mv+Dem7WzaeiBwOOeEe88NEiUtet4vWVldW9/YzG3lt3d29/YLB4c1q1PDRZVrpU0jYFYoGYsqSlSikRjBokCJejC4n/j1F2Gs1PETDhPRjlgvlqHkDJ3UaFkZ0edbr1MoeiVvCrpM/IwUIUOlU/hpdTVPIxEjV8zapu8l2B4xg5IrMc63UisSxgesJ0bTLcf01EldGmrjXox0qs7lWGTtMApcMmLYt4veRPzPa6YY3rRHMk5SFDGfDQpTRVHTSWXalUZwVENHGDfSbUh5nxnG0R0m76r7i0WXSe285F+VLh8viuW77Ag5OIYTOAMfrqEMD1CBKnBQ8Aaf8EV65JW8k49ZdIVkf45gDuT7D/2RiwY=</latexit>

⇠ ‘90
<latexit sha1_base64="I2HCOIaOgZliNLxwvZm8OXVSM6w=">AAAB4XicbVDLSgMxFL1TX7W+qi7dBIvgqmSK1YKbghuXFewD2lIyaaYNzTxI7gil9APciLhR8If8Bf/GTDubth4IHM454d5zvVhJg5T+Ormt7Z3dvfx+4eDw6PikeHrWMlGiuWjySEW64zEjlAxFEyUq0Ym1YIGnRNubPKR++0VoI6PwGaex6AdsFEpfcoapVKG0NiiWaJkuQDaJm5ESZGgMij+9YcSTQITIFTOm69IY+zOmUXIl5oVeYkTM+ISNxGyx4ZxcWWlI/EjbFyJZqCs5FhgzDTybDBiOzbqXiv953QT9Wn8mwzhBEfLlID9RBCOS1iVDqQVHNbWEcS3thoSPmWYc7VEKtrq7XnSTtCpl97Zcfbop1e+zI+ThAi7hGly4gzo8QgOawGEMb/AJXw53Xp1352MZzTnZn3NYgfP9B8VGiRo=</latexit>

2008

My arrival



<latexit sha1_base64="KBsVN8Ul09awNKuGd2lkRDFKUd8=">AAAB3nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKL/AS8OIxAfOAJMTZSW8yZPbBTK8QQq5eRLwo+En+gn/jJNlLogUDRVUN3dV+oqQh1/1xcmvrG5tb+e3Czu7e/kHx8Khh4lQLrItYxbrlc4NKRlgnSQpbiUYe+gqb/uh+5jefURsZR480TrAb8kEkAyk4WalGvWLJLbtzsL/Ey0gJMlR7xe9OPxZpiBEJxY1pe25C3QnXJIXCaaGTGky4GPEBTubrTdmZlfosiLV9EbG5upTjoTHj0LfJkNPQrHoz8T+vnVJw253IKEkJI7EYFKSKUcxmXVlfahSkxpZwoaXdkIkh11yQvUjBVvdWi/4ljYuyd12+ql2WKnfZEfJwAqdwDh7cQAUeoAp1EIDwCh/w6Tw5L86b876I5pzszzEswfn6BdaBiKY=</latexit>
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Cosmic Microwave 
Background:  

WMAP 2001-10, 

Planck 2010-15, …



Cosmic Microwave Background: Temperature



t ~ 400 000 y



Cosmic Microwave Background: Temperature



Cosmic inflation



Cosmic inflation
• Inflaton field is homogeneous on average, 

but has small quantum fluctuations

• High frequency: vacuum I.C. • Low frequency: fluctuations freeze-in

initial potential final potential
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• Each Fourier mode of these fluctuations behaves as a quantum harmonic oscillator with 
time dependent spring “constant” because of the expansion

V (�)
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Cosmic inflation
• Inflaton field is homogeneous on average, 

but has small quantum fluctuations

• High frequency: vacuum I.C. • Low frequency: fluctuations freeze-in

initial potential final potential
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• Each Fourier mode of these fluctuations behaves as a quantum harmonic oscillator with 
time dependent spring “constant” because of the expansion
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gij = a2(t)e2⇣(~x)�ij• Metric perturbations created from inflation:



How Gaussian?

• Primordial fluctuations are very Gaussian (as expected from the ground state of harmonic 
oscillator): 

Structure Formation

This lead to the structures we see around us: stars, planets, galaxies, …

These dense regions grew under the influence of gravity:

Three-point function
Small departure from Gaussianity
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h⇣⇣⇣i = fNLh⇣⇣i2



The long mode

�kL

In a universe where everything originates from the same field, a long-wavelength metric 
perturbation redefines the background = to re-scaling of the coordinates:

long-wavelength mode

Hubble horizon H
�1

rescaling of momenta

Maldacena ’02
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How many fields?

• Primordial fluctuations are very Gaussian (as expected from the ground state of harmonic 
oscillator): 

Structure Formation

This lead to the structures we see around us: stars, planets, galaxies, …

These dense regions grew under the influence of gravity:
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Three-point function
Small departure from Gaussianity
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h⇣⇣⇣i = fNLh⇣⇣i2

• Argument does not apply in multi-field models:

Multi-field models can generically predict larger non-Gaussianity ‘02
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CMB non-Gaussianity

Second-order effects ??

Second-order effects ??

Non-Gaussianity is a discriminant between models

Nonlinearities in the CMB physics (metric and matter perturbations) can induce small non-
Gaussian effects. How small?
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CMB non-Gaussianity

Second-order effects ??

Second-order effects ??

Non-Gaussianity is a discriminant between models

Nonlinearities in the CMB physics (metric and matter perturbations) can induce small non-
Gaussian effects. How small?
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• Solving coupled Boltzmann and Einstein equations up to 2nd order ’08:

Gij = 8⇡G
X

I

T (I)
ij&

dfI
d⌘

= CI [fI ] , I = �, ⌫, b,CDM

 Integration of the photon temperature along the line of sight

Excluded by CMB exp.
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This relation can be used to test the consistency of Einstein-Boltzmann codes ‘11
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This relation can be used to test the consistency of Einstein-Boltzmann codes

l1 ⌧ l2, l3

 Agreement between full calculation and analytic expression  ’12
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• Forthcoming LSS surveys will contain many more modes than the CMB
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• Forthcoming LSS surveys will contain many more modes than the CMB
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Large-scale structure

• Forthcoming LSS surveys will contain many more modes than the CMB
Number of galaxy spectra as a function of time

1980 1990 2000 2010 2020 2030 2040
103

104

105

106

107

108

109

CfA

2dF

SDSS
BOSS

DESI
Euclid

MegaMapper

number of pixels in the CMB

CfA2

• Improve our understanding on initial conditions �fNL ⇠ 104

N1/2
modes

• Improve our understanding of the energy content of the Universe and of the gravitational 
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Euclid telescope, launched on 1 July 2023 
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Large-scale structure

• Forthcoming LSS surveys will contain many more modes than the CMB
Number of galaxy spectra as a function of time
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• Challenges: nonlinearities, baryonic physics, bias, galaxy formation and merging, etc… 
Much more difficult than CMB.

Euclid telescope, launched on 1 July 2023 



Precision tests with the LSS
1 Introduction

Over the next decade, large-scale structure (LSS) surveys will play an increasingly important

role in the measurement of cosmological parameters and as a probe of initial conditions. In order

to relate late-time observables to the physics of the early universe, several sources of secondary

non-linearities need to be understood (see fig. 1). Reducing the theory error is essential if the

full potential of future surveys is to be realized.1 Non-linearities in the gravitational evolution

can be characterized by numerical N-body simulations [3] and, on su�ciently large scales, by

perturbation theory [4, 5]. Less well understood are non-linearities in the biasing between the

clustering of galaxies and the underlying dark matter density.
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Figure 1. Non-linearities in the gravitational evolution, in the biasing and in redshift space distor-
tions (RSD) complicate the relationship between the primordial initial conditions and large-scale structure
observables.

The biasing problem is already visible in dark matter-only simulations, where it is reflected

in the biasing of dark matter halos. On large scales, linear biasing has been shown to be a good

approximation:

�h = b1� , (1.1)

where �h and � are the density contrasts of the halos and the dark matter, respectively, and

the bias parameter b1 is an unknown coe�cient (to be fit to data). However, linear biasing is

known to fail on small scales where non-linearities becomes important. One common procedure

for describing halos beyond the linear biasing model is local Eulerian biasing [6] which assumes

that the halo density contrast is a local function of the dark matter density, �h(x, ⌧) = F [�(x, ⌧)].

Formally, we might write this relation as a Taylor expansion

�h(x, ⌧) =
1X

n=0

b
(0)
n

n!
�
n(x, ⌧) . (1.2)

Local biasing is motivated both as a natural generalization of linear biasing and as a consequence

of a number of semi-analytic models of halo formation. It is also often employed in data anal-

ysis [7–12]. However, the meaning of (1.2) is far from clear, as we need to define �
n(x, ⌧) for

1
The number of useful modes in galaxy surveys scales as the cube of the maximum wavenumber, kmax, at which

the theoretical predictions can still be trusted. Even a relatively modest gain in kmax can therefore dramatically

impact the scientific potential of galaxy surveys (but see [1, 2]).
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• Modelling the observables (galaxy clustering, gravitational lensing, etc.) on linear and 
nonlinear scales with high accuracy (long and strong tradition at IPhT)
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• Exploring theory space and modelling the phenomenology of new physics on cosmological 
scales (long and strong tradition at IPhT) Our Limited Eyes

Galaxy Counts Galaxy Shapes/ 
Brightness

Supernovae:
𝑑

13 August 2014 Modern Cosmology 2014, Benasque

G4(�, X)R+G2(�, X) +G3(�, X)⇤�

� 2G4,X(�, X)
h
(⇤�)2 � (�;µ⌫)

2
i

+G5(�, X)Gµ⌫�;µ⌫ +
1

3
G5,X(�, X)

⇥
h
(⇤�)3 � 3⇤�(�;µ⌫)

2 + 2(�;µ⌫)
3
⇤

+ . . .
<latexit sha1_base64="UhyZaPkfZKYqDN0yl7wAvHtGXR8="></latexit><latexit sha1_base64="UhyZaPkfZKYqDN0yl7wAvHtGXR8="></latexit><latexit sha1_base64="UhyZaPkfZKYqDN0yl7wAvHtGXR8="></latexit><latexit sha1_base64="UhyZaPkfZKYqDN0yl7wAvHtGXR8="></latexit>

Gravitational 
theories


Observations

• Modelling the observables (galaxy clustering, gravitational lensing, etc.) on linear and 
nonlinear scales with high accuracy (long and strong tradition at IPhT)



The long mode, again

�L �L = 0

Locally, a gravitational field is indistinguishable from an acceleration (Equivalence Principle)
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Consistency relations of the LSS
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Locally, a gravitational field is indistinguishable from an acceleration (Equivalence Principle)

Valid for any tracers, hold nonlinearly in the short modes, after shell crossing, including 
baryonic physics and bias ‘13 — ’17 
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Test of the Equivalence Principle

The Equivalence Principle is very well tested on small scales.

One must wait a few seconds until two objects touch the ground.

A B
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For galaxies, the waiting time is the age of the universe…

A

A

B

B

if Equivalence Principle holds

<latexit sha1_base64="qe9WHfK1traIldblz9J/FcY34CU="></latexit>

h�~kL
(t)�A~k1

(t)�B~k2
(t)i0 ' 0



Test of the Equivalence Principle

The Equivalence Principle is very well tested on small scales.

One must wait a few seconds until two objects touch the ground.

For galaxies, the waiting time is the age of the universe…
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if Equivalence Principle is violated ‘13
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Cosmic Microwave 
Background:  

WMAP 2001-10, 

Planck 2010-15, …

SDSS 2010-, 

DES 2012-, …

Large-scale structure
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2008

Gravitational waves

properties of space-time in the strong-field, high-velocity
regime and confirm predictions of general relativity for the
nonlinear dynamics of highly disturbed black holes.

II. OBSERVATION

On September 14, 2015 at 09:50:45 UTC, the LIGO
Hanford, WA, and Livingston, LA, observatories detected

the coincident signal GW150914 shown in Fig. 1. The initial
detection was made by low-latency searches for generic
gravitational-wave transients [41] and was reported within
three minutes of data acquisition [43]. Subsequently,
matched-filter analyses that use relativistic models of com-
pact binary waveforms [44] recovered GW150914 as the
most significant event from each detector for the observa-
tions reported here. Occurring within the 10-ms intersite

FIG. 1. The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35–350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9þ0.5

−0.4 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35–350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15]. Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
[39]. The other (light gray) does not use an astrophysical model, but instead calculates the strain signal as a linear combination of
sine-Gaussian wavelets [40,41]. These reconstructions have a 94% overlap, as shown in [39]. Third row: Residuals after subtracting the
filtered numerical relativity waveform from the filtered detector time series. Bottom row:A time-frequency representation [42] of the
strain data, showing the signal frequency increasing over time.
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gravitational-wave transients [41] and was reported within
three minutes of data acquisition [43]. Subsequently,
matched-filter analyses that use relativistic models of com-
pact binary waveforms [44] recovered GW150914 as the
most significant event from each detector for the observa-
tions reported here. Occurring within the 10-ms intersite

FIG. 1. The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35–350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9þ0.5

−0.4 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35–350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15]. Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
[39]. The other (light gray) does not use an astrophysical model, but instead calculates the strain signal as a linear combination of
sine-Gaussian wavelets [40,41]. These reconstructions have a 94% overlap, as shown in [39]. Third row: Residuals after subtracting the
filtered numerical relativity waveform from the filtered detector time series. Bottom row:A time-frequency representation [42] of the
strain data, showing the signal frequency increasing over time.
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Speed of gravity

The 90% credible intervals(Veitch et al. 2015; Abbott et al.
2017e) for the component masses (in the m m1 2. convention)
are m M1.36, 2.261 Î :( ) and m M0.86, 1.362 Î :( ) , with total
mass M2.82 0.09

0.47
-
+

:, when considering dimensionless spins with

magnitudes up to 0.89 (high-spin prior, hereafter). When the
dimensionless spin prior is restricted to 0.05- (low-spin prior,
hereafter), the measured component masses are m 1.36,1 Î (

M1.60 :) and m M1.17, 1.362 Î :( ) , and the total mass is

Figure 2. Joint, multi-messenger detection of GW170817 and GRB170817A. Top: the summed GBM lightcurve for sodium iodide (NaI) detectors 1, 2, and 5 for
GRB170817A between 10 and 50 keV, matching the 100 ms time bins of the SPI-ACS data. The background estimate from Goldstein et al. (2016) is overlaid in red.
Second: the same as the top panel but in the 50–300 keV energy range. Third: the SPI-ACS lightcurve with the energy range starting approximately at 100 keV and
with a high energy limit of least 80 MeV. Bottom: the time-frequency map of GW170817 was obtained by coherently combining LIGO-Hanford and LIGO-
Livingston data. All times here are referenced to the GW170817 trigger time T0
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Modified gravitational wave propagation

Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.

GW
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⌧ O(10�2)
<latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit>
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<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>
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<latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit>
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<latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit>
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<latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="tYrJZ4vtEFZsW5WL3TBxT906ocw=">AAABz3icbVBNSwMxFHxbv+patZ69BIvgqWS96FHw4rGC/YC2lmw224ZmkyV5K5TSmyfFk3/Kv+C/Mdv20taBB8PMg/dm4lxJh5T+BpW9/YPDo+pxeFILT8/O67WOM4Xlos2NMrYXMyeU1KKNEpXo5VawLFaiG08fS7/7JqyTRr/gLBfDjI21TCVn6KXWqN6gTboE2SXRmjRgjVH9Z5AYXmRCI1fMuX5EcxzOmUXJlViEg8KJnPEpG4v58rkFufZSQlJj/WgkS3Vjj2XOzbLYb2YMJ27bK8X/vH6B6f1wLnVeoNB8dSgtFEFDyqQkkVZwVDNPGLfSf0j4hFnG0fcR+uTRds5d0rltRrQZPVOowiVcwQ1EcAcP8AQtaAOHBD7gO3gN3oPPVUOVYF3VBWwg+PoDbXiF7Q==</latexit><latexit sha1_base64="dnU2HuMKLKNsESvIW/AtgogVl/U=">AAAB3XicbVDLSgNBEOz1GWPU6NXLYBDiJcx40aPgxZsRzAOSEGYns8mY2Z1lplcIS/7Bi4gX/R1/wb9x8rgksaChqGrorgpTrRxS+htsbe/s7u0XDoqHpaPjk/JpqelMZoVsCKONbYfcSa0S2UCFWrZTK3kcatkKx/czv/UqrVMmecZJKnsxHyYqUoKjlzp5V3BNHqdVdtUvV2iNzkE2CVuSCixR75d/ugMjslgmKDR3rsNoir2cW1RCy2mxmzmZcjHmQ5nPH52SSy8NSGSsnwTJXF3Z47Fzkzj0mzHHkVv3ZuJ/XifD6LaXqyTNUCZicSjKNEFDZqnJQFkpUE884cIq/yERI265QN9N0Udn60E3SfO6xmiNPVEowDlcQBUY3MAdPEAdGiDAwDt8wXfwErwFH4uStoJlW2ewguDzD8FxirU=</latexit><latexit sha1_base64="dnU2HuMKLKNsESvIW/AtgogVl/U=">AAAB3XicbVDLSgNBEOz1GWPU6NXLYBDiJcx40aPgxZsRzAOSEGYns8mY2Z1lplcIS/7Bi4gX/R1/wb9x8rgksaChqGrorgpTrRxS+htsbe/s7u0XDoqHpaPjk/JpqelMZoVsCKONbYfcSa0S2UCFWrZTK3kcatkKx/czv/UqrVMmecZJKnsxHyYqUoKjlzp5V3BNHqdVdtUvV2iNzkE2CVuSCixR75d/ugMjslgmKDR3rsNoir2cW1RCy2mxmzmZcjHmQ5nPH52SSy8NSGSsnwTJXF3Z47Fzkzj0mzHHkVv3ZuJ/XifD6LaXqyTNUCZicSjKNEFDZqnJQFkpUE884cIq/yERI265QN9N0Udn60E3SfO6xmiNPVEowDlcQBUY3MAdPEAdGiDAwDt8wXfwErwFH4uStoJlW2ewguDzD8FxirU=</latexit><latexit sha1_base64="dP98PGq8E0SKZoKSpgK27HT44mc=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2XGjYKbght3VrAPaEvJpJk2NjMZkjtCGfoPbkTcKPg1/oJ/YzqdTVsPBA7nnHDvuX4shUHX/XUKG5tb2zvF3dLe/sHhUfn4pGVUohlvMiWV7vjUcCki3kSBkndizWnoS972J3dzv/3CtREqesJpzPshHUUiEIyilbppj1FJHmZV73JQrrg1NwNZJ15OKpCjMSj/9IaKJSGPkElqTNdzY+ynVKNgks9KvcTwmLIJHfE0W3RGLqw0JIHS9kVIMnUpR0NjpqFvkyHFsVn15uJ/XjfB4KafiihOkEdsMShIJEFF5q3JUGjOUE4toUwLuyFhY6opQ3ubkq3urRZdJ62rmufWvEe3Ur/Nj1CEMziHKnhwDXW4hwY0gYGCN/iEL+fZeXXenY9FtODkf05hCc73H8bYi/0=</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit>

⌧ O(10�2)
<latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit>

almost GR scalar-tensor

Self-acceleration and screening: large classical scalar field nonlinearities



CMB: WMAP 2001-10, 

Planck 2010-15, …

LSS: SDSS 2010-, 

DES 2012-, … GWs: LIGO/Virgo/Kagra

LISA 2034, ET 2040sCMB polarisation >2030 Euclid: more to come!

The future


