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INTRODUCTION

WISPs: bridge between strings and phenomenology 

This Talk: cosmology of 1-modulus asymptotic limits 

Direct: Indirect:

consequences for cosmologyDM, QCD axion, ALPs…

Interplay with  
Swampland conjectures

Implications for 
Phenomenology

Review: [Cicoli,Conlon,Maharana,Parameswaran,Quevedo,Zavala ’23]

+moduli!



PLAN 

 1) Dynamics & the distance conjecture?

2) Classification of 1-modulus  
asymptotic cosmologies

3) Comments on phenomenology  
& outlook



PART 1

DYNAMICS & THE DISTANCE CONJECTURE



MOTIVATION - THE DISTANCE CONJECTURE

 Swampland Distance Conjecture (SDC) 

[Ooguri, Vafa ’06] 
[Ooguri,Palti,Shiu,Vafa ’19]

Infinite distance points 
 in moduli space

towers of  
light states 

Invalidate  EFT



MOTIVATION - THE DISTANCE CONJECTURE

 Swampland Distance Conjecture (SDC) 

m(P ) = m(Q)e��d(P,Q)
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[Ooguri, Vafa ’06] 
[Ooguri,Palti,Shiu,Vafa ’19]

Infinite distance points 
 in moduli space

towers of  
light states 

Invalidate  EFT
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geodesic distance

Best established for exact moduli spaces



SDC WITH A POTENTIAL

Moduli must be stabilised  
 

SDC still thought to hold,  
far less evidence
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V (�)
<latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit>

[Klaewer,Palti ‘16][Calderon,Uranga,Valenzuela ’20]+…



SDC WITH A POTENTIAL

Moduli must be stabilised  
 

�� � 1
<latexit sha1_base64="VjOFSOqHMT9Y8fh5hk0JL07GkCY=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh4DevAYwTwgu4TZyWwyZPbBTK8S1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLa+sbmVnm7srO7t39gVw/bOskU4y2WyER1A6q5FDFvoUDJu6niNAok7wTj65nfeeBKiyS+x0nK/YgOYxEKRtFIfbvq3XCJlHjpSBBvOCRu3645dWcOskrcgtSgQLNvf3mDhGURj5FJqnXPdVL0c6pQMMmnFS/TPKVsTIe8Z2hMI679fH76lJwaZUDCRJmKkczV3xM5jbSeRIHpjCiO9LI3E//zehmGV34u4jRDHrPFojCTBBMyy4EMhOIM5cQQypQwtxI2oooyNGlVTAju8surpH1ed526e3dRazSKOMpwDCdwBi5cQgNuoQktYPAIz/AKb9aT9WK9Wx+L1pJVzBzBH1ifP6rVkvE=</latexit><latexit sha1_base64="VjOFSOqHMT9Y8fh5hk0JL07GkCY=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh4DevAYwTwgu4TZyWwyZPbBTK8S1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLa+sbmVnm7srO7t39gVw/bOskU4y2WyER1A6q5FDFvoUDJu6niNAok7wTj65nfeeBKiyS+x0nK/YgOYxEKRtFIfbvq3XCJlHjpSBBvOCRu3645dWcOskrcgtSgQLNvf3mDhGURj5FJqnXPdVL0c6pQMMmnFS/TPKVsTIe8Z2hMI679fH76lJwaZUDCRJmKkczV3xM5jbSeRIHpjCiO9LI3E//zehmGV34u4jRDHrPFojCTBBMyy4EMhOIM5cQQypQwtxI2oooyNGlVTAju8surpH1ed526e3dRazSKOMpwDCdwBi5cQgNuoQktYPAIz/AKb9aT9WK9Wx+L1pJVzBzBH1ifP6rVkvE=</latexit><latexit sha1_base64="VjOFSOqHMT9Y8fh5hk0JL07GkCY=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh4DevAYwTwgu4TZyWwyZPbBTK8S1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLa+sbmVnm7srO7t39gVw/bOskU4y2WyER1A6q5FDFvoUDJu6niNAok7wTj65nfeeBKiyS+x0nK/YgOYxEKRtFIfbvq3XCJlHjpSBBvOCRu3645dWcOskrcgtSgQLNvf3mDhGURj5FJqnXPdVL0c6pQMMmnFS/TPKVsTIe8Z2hMI679fH76lJwaZUDCRJmKkczV3xM5jbSeRIHpjCiO9LI3E//zehmGV34u4jRDHrPFojCTBBMyy4EMhOIM5cQQypQwtxI2oooyNGlVTAju8surpH1ed526e3dRazSKOMpwDCdwBi5cQgNuoQktYPAIz/AKb9aT9WK9Wx+L1pJVzBzBH1ifP6rVkvE=</latexit><latexit sha1_base64="VjOFSOqHMT9Y8fh5hk0JL07GkCY=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh4DevAYwTwgu4TZyWwyZPbBTK8S1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXdXkEqh0XG+rdLa+sbmVnm7srO7t39gVw/bOskU4y2WyER1A6q5FDFvoUDJu6niNAok7wTj65nfeeBKiyS+x0nK/YgOYxEKRtFIfbvq3XCJlHjpSBBvOCRu3645dWcOskrcgtSgQLNvf3mDhGURj5FJqnXPdVL0c6pQMMmnFS/TPKVsTIe8Z2hMI679fH76lJwaZUDCRJmKkczV3xM5jbSeRIHpjCiO9LI3E//zehmGV34u4jRDHrPFojCTBBMyy4EMhOIM5cQQypQwtxI2oooyNGlVTAju8surpH1ed526e3dRazSKOMpwDCdwBi5cQgNuoQktYPAIz/AKb9aT9WK9Wx+L1pJVzBzBH1ifP6rVkvE=</latexit>

Typical application: 
Rule out large field inflation

SDC still thought to hold,  
far less evidence

�
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

V (�)
<latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit>

V (�)
<latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit><latexit sha1_base64="G99Pe0ku5rLx9erV3/1ltISZHa8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKYI4BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3sbm1vbObmGvuH9weHRcOjlt2TQzjDdZKlPTiajlUijeRIGSd7ThNIkkb0fju7nffuLGilQ94kTzMKFDJWLBKDqp3ar09Ehc9Utlv+ovQNZJkJMy5Gj0S1+9QcqyhCtkklrbDXyN4ZQaFEzyWbGXWa4pG9Mh7zqqaMJtOF2cOyOXThmQODWuFJKF+ntiShNrJ0nkOhOKI7vqzcX/vG6GcS2cCqUz5IotF8WZJJiS+e9kIAxnKCeOUGaEu5WwETWUoUuo6EIIVl9eJ63rauBXg4ebcr2Wx1GAc7iACgRwC3W4hwY0gcEYnuEV3jztvXjv3seydcPLZ87gD7zPH4Dejvo=</latexit>

More recent:  
generalised notion of distance, including V?

[Klaewer,Palti ‘16][Calderon,Uranga,Valenzuela ’20]+…

[Tonioni, Van Riet ’24]  
[Montero,Mohseini,Vafa,Valenzuela ’24]

Compact directions (axions) important: 
e.g. monodromy inflation �

<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>



DYNAMICS

Related issue: SDC applies to adiabatic field variations 

V = 0
<latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit>

V 6= 0
<latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit>

geodesic trajectories

adiabatic: �̇ ! 0
<latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit>



DYNAMICS

Related issue: SDC applies to adiabatic field variations 

V = 0
<latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit>

V 6= 0
<latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit>
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<latexit sha1_base64="W2NtIKaFaB0jmRVhdtN0fSmB6Zk="></latexit><latexit sha1_base64="W2NtIKaFaB0jmRVhdtN0fSmB6Zk="></latexit><latexit sha1_base64="W2NtIKaFaB0jmRVhdtN0fSmB6Zk="></latexit><latexit sha1_base64="W2NtIKaFaB0jmRVhdtN0fSmB6Zk="></latexit>

(space)time dependence

non-geodesic trajectoriesgeodesic trajectories

adiabatic: �̇ ! 0
<latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit>

�̇ 6= 0
<latexit sha1_base64="GS6Kr2hQUmG6In0ya6liyRLpSMc=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBD0WvHisYD+gW0o2nbah2eyaZJWy9qd48aCIV3+JN/+NabsHbX0w8HhvJpl5YSK4Np737RTW1jc2t4rbpZ3dvf0Dt3zY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+H4eua3HlBpHss7M0mwG9Gh5APOqLFSzy0H/dhkQTLiUxJIvCdez614VW8Oskr8nFQgR73nftk3WBqhNExQrTu+l5huRpXhTOC0FKQaE8rGdIgdSyWNUHez+epTcmqVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBVTfjMkkNSrb4aJAKYmIyy4H0uUJmxMQSyhS3uxI2oooyY9Mq2RD85ZNXSfO86ntV//aiUqvlcRThGE7gDHy4hBrcQB0awOARnuEV3pwn58V5dz4WrQUnnzmCP3A+fwCzMJOb</latexit><latexit sha1_base64="GS6Kr2hQUmG6In0ya6liyRLpSMc=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBD0WvHisYD+gW0o2nbah2eyaZJWy9qd48aCIV3+JN/+NabsHbX0w8HhvJpl5YSK4Np737RTW1jc2t4rbpZ3dvf0Dt3zY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+H4eua3HlBpHss7M0mwG9Gh5APOqLFSzy0H/dhkQTLiUxJIvCdez614VW8Oskr8nFQgR73nftk3WBqhNExQrTu+l5huRpXhTOC0FKQaE8rGdIgdSyWNUHez+epTcmqVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBVTfjMkkNSrb4aJAKYmIyy4H0uUJmxMQSyhS3uxI2oooyY9Mq2RD85ZNXSfO86ntV//aiUqvlcRThGE7gDHy4hBrcQB0awOARnuEV3pwn58V5dz4WrQUnnzmCP3A+fwCzMJOb</latexit><latexit sha1_base64="GS6Kr2hQUmG6In0ya6liyRLpSMc=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBD0WvHisYD+gW0o2nbah2eyaZJWy9qd48aCIV3+JN/+NabsHbX0w8HhvJpl5YSK4Np737RTW1jc2t4rbpZ3dvf0Dt3zY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+H4eua3HlBpHss7M0mwG9Gh5APOqLFSzy0H/dhkQTLiUxJIvCdez614VW8Oskr8nFQgR73nftk3WBqhNExQrTu+l5huRpXhTOC0FKQaE8rGdIgdSyWNUHez+epTcmqVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBVTfjMkkNSrb4aJAKYmIyy4H0uUJmxMQSyhS3uxI2oooyY9Mq2RD85ZNXSfO86ntV//aiUqvlcRThGE7gDHy4hBrcQB0awOARnuEV3pwn58V5dz4WrQUnnzmCP3A+fwCzMJOb</latexit><latexit sha1_base64="GS6Kr2hQUmG6In0ya6liyRLpSMc=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBD0WvHisYD+gW0o2nbah2eyaZJWy9qd48aCIV3+JN/+NabsHbX0w8HhvJpl5YSK4Np737RTW1jc2t4rbpZ3dvf0Dt3zY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+H4eua3HlBpHss7M0mwG9Gh5APOqLFSzy0H/dhkQTLiUxJIvCdez614VW8Oskr8nFQgR73nftk3WBqhNExQrTu+l5huRpXhTOC0FKQaE8rGdIgdSyWNUHez+epTcmqVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBVTfjMkkNSrb4aJAKYmIyy4H0uUJmxMQSyhS3uxI2oooyY9Mq2RD85ZNXSfO86ntV//aiUqvlcRThGE7gDHy4hBrcQB0awOARnuEV3pwn58V5dz4WrQUnnzmCP3A+fwCzMJOb</latexit>



DYNAMICS

Related issue: SDC applies to adiabatic field variations 

V = 0
<latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit><latexit sha1_base64="qhnHbxCQsjLVbcmSuiDNo+kguyg=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhGMDGQHGFvM0mW7O4du3tCOPIXbCwUsfUP2flv3Euu0MQHA4/3ZpiZFyWCG+v7315pbX1jc6u8XdnZ3ds/qB4etU2caoYtFotYdyJqUHCFLcutwE6ikcpI4GM0uc39xyfUhsfqwU4TDCUdKT7kjNpcapMbv1+t+XV/DrJKgoLUoECzX/3qDWKWSlSWCWpMN/ATG2ZUW84Eziq91GBC2YSOsOuoohJNmM1vnZEzpwzIMNaulCVz9fdERqUxUxm5Tknt2Cx7ufif103t8DrMuEpSi4otFg1TQWxM8sfJgGtkVkwdoUxzdythY6opsy6eigshWH55lbQv6oFfD+4va41GEUcZTuAUziGAK2jAHTShBQzG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwD4C42D</latexit>

V 6= 0
<latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit><latexit sha1_base64="OnsKVeMOxXZdxfJzPyxCTR83PSs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PrzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtJ9SGJ+rejlMMJR0oHnNGrZMemoR0FT4Sv1eu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3WanV8jiKcAKncA4BXEENbqEODWAg4Rle4c3T3ov37n0sWgtePnMMf+B9/gA0f49Y</latexit>
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<latexit sha1_base64="W2NtIKaFaB0jmRVhdtN0fSmB6Zk="></latexit><latexit sha1_base64="W2NtIKaFaB0jmRVhdtN0fSmB6Zk="></latexit><latexit sha1_base64="W2NtIKaFaB0jmRVhdtN0fSmB6Zk="></latexit><latexit sha1_base64="W2NtIKaFaB0jmRVhdtN0fSmB6Zk="></latexit>

(space)time dependence

non-geodesic trajectoriesgeodesic trajectories

adiabatic: 

What becomes of the SDC in a cosmological setting? 
Some (sparse) comments appear in [Conlon,FR ’22][Tonioni,Tran,Shiu’ 23][Tonioni,Van Riet ’24] 

�̇ ! 0
<latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit><latexit sha1_base64="OgunmpvBoqFhTjni+7JCnPLx5Us=">AAACAHicbVBNSwMxEM3Wr1q/Vj148BIsgqeyK4IeC148VrCt0F1KNs12Q7PJkswqZenFv+LFgyJe/Rne/Dem7R609cHA472ZZOZFmeAGPO/bqaysrq1vVDdrW9s7u3vu/kHHqFxT1qZKKH0fEcMEl6wNHAS7zzQjaSRYNxpdT/3uA9OGK3kH44yFKRlKHnNKwEp99ygYKMBBlnAcaD5MgGitHrHXd+tew5sBLxO/JHVUotV3v+xLNE+ZBCqIMT3fyyAsiAZOBZvUgtywjNARGbKepZKkzITF7IAJPrXKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/7xeDvFVWHCZ5cAknX8U5wKDwtM08IBrRkGMLSFUc7srpgnRhILNrGZD8BdPXiad84bvNfzbi3qzWcZRRcfoBJ0hH12iJrpBLdRGFE3QM3pFb86T8+K8Ox/z1opTzhyiP3A+fwAGWZYE</latexit>
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A POSSIBLE GENERALISATION*
 Question:

For trajectories approaching the boundary of moduli space, do towers 
of states become exponentially light in the dynamical distance ?

We suspect yes

[Shiu,Landete ’18] [Tonioni, Van Riet ’24] 



A POSSIBLE GENERALISATION*
 Question:

For trajectories approaching the boundary of moduli space, do towers 
of states become exponentially light in the dynamical distance ?

From usual SDC, equivalent to relationship between length of trajectories and geodesics

We suspect yes
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PART 2

CLASSIFICATION OF 1-MODULUS ASYMPTOTIC 
COSMOLOGIES



SETTING

Cosmology of asymptotic limits in type IIB/F-theory flux compactifications 
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[See also Calderon-Infante,Ruiz,Valenzuela ’22,FR ’23]

Complex Structure moduli
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EFTs classified with Asymptotic Hodge Theory
[Grana,Grimm,Herraez,Monnee,Plauschinn,Palti,Lanza,Li,Schlechter,Valenzuela,van de Heisteeg… ’19-24]
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[See also Calderon-Infante,Ruiz,Valenzuela ’22,FR ’23]

Complex Structure moduli

single modulus Simple case:



EQUATIONS OF MOTION

Solve coupled EOMs of scalar fields, on FLRW background
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<latexit sha1_base64="tVYHRTIoYaOlLz4FPrRvdjaw59s="></latexit><latexit sha1_base64="tVYHRTIoYaOlLz4FPrRvdjaw59s="></latexit><latexit sha1_base64="tVYHRTIoYaOlLz4FPrRvdjaw59s="></latexit><latexit sha1_base64="tVYHRTIoYaOlLz4FPrRvdjaw59s="></latexit>



EQUATIONS OF MOTION

Solve coupled EOMs of scalar fields, on FLRW background

(d� 1)(d� 2)

2
H

2 =
1

2
Gij@µ�

i
@
µ
�
j � V

�
�
i
�

<latexit sha1_base64="oPvhFHbAtGzr6bzlNu5MetJD7nI="></latexit><latexit sha1_base64="oPvhFHbAtGzr6bzlNu5MetJD7nI="></latexit><latexit sha1_base64="oPvhFHbAtGzr6bzlNu5MetJD7nI="></latexit><latexit sha1_base64="oPvhFHbAtGzr6bzlNu5MetJD7nI="></latexit>

�̈
i + �i

jk�̇
j
�̇
k + (d� 1)H�̇

i + @
i
V = 0

<latexit sha1_base64="tVYHRTIoYaOlLz4FPrRvdjaw59s="></latexit><latexit sha1_base64="tVYHRTIoYaOlLz4FPrRvdjaw59s="></latexit><latexit sha1_base64="tVYHRTIoYaOlLz4FPrRvdjaw59s="></latexit><latexit sha1_base64="tVYHRTIoYaOlLz4FPrRvdjaw59s="></latexit>

Gij =
C

s2
�ij

<latexit sha1_base64="+jsZ/kQ5XHs9mUUwROIYmPjz2dE=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaQIuhEKXeiygn1AU8NkMmnHTh7M3AglZO/GX3HjQhG3/oA7/8Zpm4W2HrhwOOde7r3HSwRXYFnfxsrq2vrGZmmrvL2zu7dvHhx2VJxKyto0FrHseUQxwSPWBg6C9RLJSOgJ1vXGzanffWBS8Ti6hUnCBiEZRjzglICWXLNy5WYc3+eXTiAJzZp5pu7qOXZ8JoDMLdesWjVrBrxM7IJUUYGWa345fkzTkEVABVGqb1sJDDIigVPB8rKTKpYQOiZD1tc0IiFTg2z2S45PtOLjIJa6IsAz9fdERkKlJqGnO0MCI7XoTcX/vH4KwcUg41GSAovofFGQCgwxngaDfS4ZBTHRhFDJ9a2YjogOBXR8ZR2CvfjyMunUa7ZVs2/Oqo1GEUcJHaMKOkU2OkcNdI1aqI0oekTP6BW9GU/Gi/FufMxbV4xi5gj9gfH5A6a2msk=</latexit><latexit sha1_base64="+jsZ/kQ5XHs9mUUwROIYmPjz2dE=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaQIuhEKXeiygn1AU8NkMmnHTh7M3AglZO/GX3HjQhG3/oA7/8Zpm4W2HrhwOOde7r3HSwRXYFnfxsrq2vrGZmmrvL2zu7dvHhx2VJxKyto0FrHseUQxwSPWBg6C9RLJSOgJ1vXGzanffWBS8Ti6hUnCBiEZRjzglICWXLNy5WYc3+eXTiAJzZp5pu7qOXZ8JoDMLdesWjVrBrxM7IJUUYGWa345fkzTkEVABVGqb1sJDDIigVPB8rKTKpYQOiZD1tc0IiFTg2z2S45PtOLjIJa6IsAz9fdERkKlJqGnO0MCI7XoTcX/vH4KwcUg41GSAovofFGQCgwxngaDfS4ZBTHRhFDJ9a2YjogOBXR8ZR2CvfjyMunUa7ZVs2/Oqo1GEUcJHaMKOkU2OkcNdI1aqI0oekTP6BW9GU/Gi/FufMxbV4xi5gj9gfH5A6a2msk=</latexit><latexit sha1_base64="+jsZ/kQ5XHs9mUUwROIYmPjz2dE=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaQIuhEKXeiygn1AU8NkMmnHTh7M3AglZO/GX3HjQhG3/oA7/8Zpm4W2HrhwOOde7r3HSwRXYFnfxsrq2vrGZmmrvL2zu7dvHhx2VJxKyto0FrHseUQxwSPWBg6C9RLJSOgJ1vXGzanffWBS8Ti6hUnCBiEZRjzglICWXLNy5WYc3+eXTiAJzZp5pu7qOXZ8JoDMLdesWjVrBrxM7IJUUYGWa345fkzTkEVABVGqb1sJDDIigVPB8rKTKpYQOiZD1tc0IiFTg2z2S45PtOLjIJa6IsAz9fdERkKlJqGnO0MCI7XoTcX/vH4KwcUg41GSAovofFGQCgwxngaDfS4ZBTHRhFDJ9a2YjogOBXR8ZR2CvfjyMunUa7ZVs2/Oqo1GEUcJHaMKOkU2OkcNdI1aqI0oekTP6BW9GU/Gi/FufMxbV4xi5gj9gfH5A6a2msk=</latexit><latexit sha1_base64="+jsZ/kQ5XHs9mUUwROIYmPjz2dE=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaQIuhEKXeiygn1AU8NkMmnHTh7M3AglZO/GX3HjQhG3/oA7/8Zpm4W2HrhwOOde7r3HSwRXYFnfxsrq2vrGZmmrvL2zu7dvHhx2VJxKyto0FrHseUQxwSPWBg6C9RLJSOgJ1vXGzanffWBS8Ti6hUnCBiEZRjzglICWXLNy5WYc3+eXTiAJzZp5pu7qOXZ8JoDMLdesWjVrBrxM7IJUUYGWa345fkzTkEVABVGqb1sJDDIigVPB8rKTKpYQOiZD1tc0IiFTg2z2S45PtOLjIJa6IsAz9fdERkKlJqGnO0MCI7XoTcX/vH4KwcUg41GSAovofFGQCgwxngaDfS4ZBTHRhFDJ9a2YjogOBXR8ZR2CvfjyMunUa7ZVs2/Oqo1GEUcJHaMKOkU2OkcNdI1aqI0oekTP6BW9GU/Gi/FufMxbV4xi5gj9gfH5A6a2msk=</latexit>

V (s, a) =
1

s�

NX

n=0

1

sn
Pn

⇣a
s

⌘

<latexit sha1_base64="MV2XaKoqTnjcaW9QCd4P5LfTnBs="></latexit><latexit sha1_base64="MV2XaKoqTnjcaW9QCd4P5LfTnBs="></latexit><latexit sha1_base64="MV2XaKoqTnjcaW9QCd4P5LfTnBs="></latexit><latexit sha1_base64="MV2XaKoqTnjcaW9QCd4P5LfTnBs="></latexit>

Polynomials

Flux scalar potential, positive definiteHyperbolic metric

Complete classification for all 1-modulus limits



DYNAMICAL SYSTEM FORMULATION

Simpler case V (s, a) =
1

s�

nX

i=0

Pi(w)

si
<latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

)
<latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit>



DYNAMICAL SYSTEM FORMULATION

8
>><

>>:

dx
dN = �↵y2 �

�
1� x2 � y2

� h
(d� 1)x� ↵

2

⇣
�+ w@wPn(w)

Pn(w)

⌘i

dy
dN = ↵xy �

�
1� x2 � y2

� h
(d� 1)y + ↵

2
@wPn(w)
Pn(w)

i

dw
dN = ↵(y � wx)

<latexit sha1_base64="FKM45mJJXwYTNMNS9poV4IQCpV4="></latexit><latexit sha1_base64="FKM45mJJXwYTNMNS9poV4IQCpV4="></latexit><latexit sha1_base64="FKM45mJJXwYTNMNS9poV4IQCpV4="></latexit><latexit sha1_base64="FKM45mJJXwYTNMNS9poV4IQCpV4="></latexit>

Simpler case

normalized kinetic terms 

[Copeland,Liddle,Wands ’97][Russo,Townsend ’06-’19][(Brinkmann),Cicoli, Dibitetto,Pedro ’20-’22][FR ’23]
[Tonioni,Tran,Shiu ’23-’24][Andriot,Parameswaran,Tsimpis,Wrase,Zavala ’24]+…

V (s, a) =
1

s�

nX

i=0

Pi(w)

si
<latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

)
<latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit>



DYNAMICAL SYSTEM FORMULATION

8
>><

>>:

dx
dN = �↵y2 �

�
1� x2 � y2

� h
(d� 1)x� ↵

2

⇣
�+ w@wPn(w)

Pn(w)

⌘i

dy
dN = ↵xy �

�
1� x2 � y2

� h
(d� 1)y + ↵

2
@wPn(w)
Pn(w)

i

dw
dN = ↵(y � wx)

<latexit sha1_base64="FKM45mJJXwYTNMNS9poV4IQCpV4="></latexit><latexit sha1_base64="FKM45mJJXwYTNMNS9poV4IQCpV4="></latexit><latexit sha1_base64="FKM45mJJXwYTNMNS9poV4IQCpV4="></latexit><latexit sha1_base64="FKM45mJJXwYTNMNS9poV4IQCpV4="></latexit>

Simpler case

normalized kinetic terms 

[Copeland,Liddle,Wands ’97][Russo,Townsend ’06-’19][(Brinkmann),Cicoli, Dibitetto,Pedro ’20-’22][FR ’23]
[Tonioni,Tran,Shiu ’23-’24][Andriot,Parameswaran,Tsimpis,Wrase,Zavala ’24]+…

V (s, a) =
1

s�

nX

i=0

Pi(w)

si
<latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

)
<latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit>

� =
p
C

Z s(Q)

s(P )

ds

s

s

1 +

✓
da

ds

◆2

<latexit sha1_base64="QmV6EYjQM2ARtY30YDB16hx9PW4="></latexit><latexit sha1_base64="QmV6EYjQM2ARtY30YDB16hx9PW4="></latexit><latexit sha1_base64="QmV6EYjQM2ARtY30YDB16hx9PW4="></latexit><latexit sha1_base64="QmV6EYjQM2ARtY30YDB16hx9PW4="></latexit>

y2

x2
<latexit sha1_base64="+KCZnblRxzaBxR1LUXSqy4VgI0g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTW213BTcuK9gHtGPJpJk2NJMZkow4Dv0SNy4UceunuPNvTB+Cih64l8M595Kb48ecKY3Qh5VbWV1b38hvFra2d3aL9t5+W0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5GLmd26pVCwS1zqNqRfikWABI1gbaWAX+4HEJEtvytPszrSBXUJOvY4qbh0ip4pQuXZmCDot16pV6DpojhJYojmw3/vDiCQhFZpwrFTPRbH2Miw1I5xOC/1E0RiTCR7RnqECh1R52fzwKTw2yhAGkTQlNJyr3zcyHCqVhr6ZDLEeq9/eTPzL6yU6qHkZE3GiqSCLh4KEQx3BWQpwyCQlmqeGYCKZuRWSMTZJaJNVwYTw9VP4P2mXHRc57lWl1Ggs48iDQ3AEToALzkEDXIImaAECEvAAnsCzdW89Wi/W62I0Zy13DsAPWG+fUxSThA==</latexit><latexit sha1_base64="+KCZnblRxzaBxR1LUXSqy4VgI0g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTW213BTcuK9gHtGPJpJk2NJMZkow4Dv0SNy4UceunuPNvTB+Cih64l8M595Kb48ecKY3Qh5VbWV1b38hvFra2d3aL9t5+W0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5GLmd26pVCwS1zqNqRfikWABI1gbaWAX+4HEJEtvytPszrSBXUJOvY4qbh0ip4pQuXZmCDot16pV6DpojhJYojmw3/vDiCQhFZpwrFTPRbH2Miw1I5xOC/1E0RiTCR7RnqECh1R52fzwKTw2yhAGkTQlNJyr3zcyHCqVhr6ZDLEeq9/eTPzL6yU6qHkZE3GiqSCLh4KEQx3BWQpwyCQlmqeGYCKZuRWSMTZJaJNVwYTw9VP4P2mXHRc57lWl1Ggs48iDQ3AEToALzkEDXIImaAECEvAAnsCzdW89Wi/W62I0Zy13DsAPWG+fUxSThA==</latexit><latexit sha1_base64="+KCZnblRxzaBxR1LUXSqy4VgI0g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTW213BTcuK9gHtGPJpJk2NJMZkow4Dv0SNy4UceunuPNvTB+Cih64l8M595Kb48ecKY3Qh5VbWV1b38hvFra2d3aL9t5+W0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5GLmd26pVCwS1zqNqRfikWABI1gbaWAX+4HEJEtvytPszrSBXUJOvY4qbh0ip4pQuXZmCDot16pV6DpojhJYojmw3/vDiCQhFZpwrFTPRbH2Miw1I5xOC/1E0RiTCR7RnqECh1R52fzwKTw2yhAGkTQlNJyr3zcyHCqVhr6ZDLEeq9/eTPzL6yU6qHkZE3GiqSCLh4KEQx3BWQpwyCQlmqeGYCKZuRWSMTZJaJNVwYTw9VP4P2mXHRc57lWl1Ggs48iDQ3AEToALzkEDXIImaAECEvAAnsCzdW89Wi/W62I0Zy13DsAPWG+fUxSThA==</latexit><latexit sha1_base64="+KCZnblRxzaBxR1LUXSqy4VgI0g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTW213BTcuK9gHtGPJpJk2NJMZkow4Dv0SNy4UceunuPNvTB+Cih64l8M595Kb48ecKY3Qh5VbWV1b38hvFra2d3aL9t5+W0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5GLmd26pVCwS1zqNqRfikWABI1gbaWAX+4HEJEtvytPszrSBXUJOvY4qbh0ip4pQuXZmCDot16pV6DpojhJYojmw3/vDiCQhFZpwrFTPRbH2Miw1I5xOC/1E0RiTCR7RnqECh1R52fzwKTw2yhAGkTQlNJyr3zcyHCqVhr6ZDLEeq9/eTPzL6yU6qHkZE3GiqSCLh4KEQx3BWQpwyCQlmqeGYCKZuRWSMTZJaJNVwYTw9VP4P2mXHRc57lWl1Ggs48iDQ3AEToALzkEDXIImaAECEvAAnsCzdW89Wi/W62I0Zy13DsAPWG+fUxSThA==</latexit>



TECHNIQUES FOR DYNAMICAL SYSTEMS

ẋ = f(x)
<latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit>

Autonomous system t ! +1
<latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit> ?



TECHNIQUES FOR DYNAMICAL SYSTEMS

ẋ = f(x)
<latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit>

x̄ | f(x̄) = 0
<latexit sha1_base64="14UD32vQAyV9qqmQqeD+RwgWrBE=">AAACC3icbVDLSsNAFL3xWesr6tLN0CLUTUlE0I1QcOOygn1AE8pkOmmHTiZxZiKW2L0bf8WNC0Xc+gPu/BunbRbaemCYwzn3cu89QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HLit+6oVCwWN3qUUD/CfcFCRrA2UtcueQGW2f0Yebcp7qGH/A8ruX584XTtslN1pkCLxM1JGXLUu/aX14tJGlGhCcdKdVwn0X6GpWaE03HRSxVNMBniPu0YKnBElZ9NbxmjI6OY+bE0T2g0VX93ZDhSahQFpjLCeqDmvYn4n9dJdXjuZ0wkqaaCzAaFKUc6RpNgUI9JSjQfGYKJZGZXRAZYYqJNfEUTgjt/8iJpnlRdp+pen5ZrtTyOAhxCCSrgwhnU4Arq0AACj/AMr/BmPVkv1rv1MStdsvKeA/gD6/MHun6aLQ==</latexit><latexit sha1_base64="14UD32vQAyV9qqmQqeD+RwgWrBE=">AAACC3icbVDLSsNAFL3xWesr6tLN0CLUTUlE0I1QcOOygn1AE8pkOmmHTiZxZiKW2L0bf8WNC0Xc+gPu/BunbRbaemCYwzn3cu89QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HLit+6oVCwWN3qUUD/CfcFCRrA2UtcueQGW2f0Yebcp7qGH/A8ruX584XTtslN1pkCLxM1JGXLUu/aX14tJGlGhCcdKdVwn0X6GpWaE03HRSxVNMBniPu0YKnBElZ9NbxmjI6OY+bE0T2g0VX93ZDhSahQFpjLCeqDmvYn4n9dJdXjuZ0wkqaaCzAaFKUc6RpNgUI9JSjQfGYKJZGZXRAZYYqJNfEUTgjt/8iJpnlRdp+pen5ZrtTyOAhxCCSrgwhnU4Arq0AACj/AMr/BmPVkv1rv1MStdsvKeA/gD6/MHun6aLQ==</latexit><latexit sha1_base64="14UD32vQAyV9qqmQqeD+RwgWrBE=">AAACC3icbVDLSsNAFL3xWesr6tLN0CLUTUlE0I1QcOOygn1AE8pkOmmHTiZxZiKW2L0bf8WNC0Xc+gPu/BunbRbaemCYwzn3cu89QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HLit+6oVCwWN3qUUD/CfcFCRrA2UtcueQGW2f0Yebcp7qGH/A8ruX584XTtslN1pkCLxM1JGXLUu/aX14tJGlGhCcdKdVwn0X6GpWaE03HRSxVNMBniPu0YKnBElZ9NbxmjI6OY+bE0T2g0VX93ZDhSahQFpjLCeqDmvYn4n9dJdXjuZ0wkqaaCzAaFKUc6RpNgUI9JSjQfGYKJZGZXRAZYYqJNfEUTgjt/8iJpnlRdp+pen5ZrtTyOAhxCCSrgwhnU4Arq0AACj/AMr/BmPVkv1rv1MStdsvKeA/gD6/MHun6aLQ==</latexit><latexit sha1_base64="14UD32vQAyV9qqmQqeD+RwgWrBE=">AAACC3icbVDLSsNAFL3xWesr6tLN0CLUTUlE0I1QcOOygn1AE8pkOmmHTiZxZiKW2L0bf8WNC0Xc+gPu/BunbRbaemCYwzn3cu89QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HLit+6oVCwWN3qUUD/CfcFCRrA2UtcueQGW2f0Yebcp7qGH/A8ruX584XTtslN1pkCLxM1JGXLUu/aX14tJGlGhCcdKdVwn0X6GpWaE03HRSxVNMBniPu0YKnBElZ9NbxmjI6OY+bE0T2g0VX93ZDhSahQFpjLCeqDmvYn4n9dJdXjuZ0wkqaaCzAaFKUc6RpNgUI9JSjQfGYKJZGZXRAZYYqJNfEUTgjt/8iJpnlRdp+pen5ZrtTyOAhxCCSrgwhnU4Arq0AACj/AMr/BmPVkv1rv1MStdsvKeA/gD6/MHun6aLQ==</latexit>

Fixed points:

Autonomous system 

Deduce local (in)stability from linearisation

t ! +1
<latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit> ?

Local



TECHNIQUES FOR DYNAMICAL SYSTEMS

ẋ = f(x)
<latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit><latexit sha1_base64="qQvXFOx9ZEhmtzhKUjP0ozaAltM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVQS9CwYvHCvYD2lqyabYNzWaXZFZblv4PLx4U8ep/8ea/MW33oK0PBh7vzSQzz4+lMOi6387K6tr6xmZuK7+9s7u3Xzg4rJso0YzXWCQj3fSp4VIoXkOBkjdjzWnoS97whzdTv/HItRGRusdxzDsh7SsRCEbRSg/tXoTpaEKuSVAanXULRbfszkCWiZeRImSodgtf9gGWhFwhk9SYlufG2EmpRsEkn+TbieExZUPa5y1LFQ256aSzrSfk1Co9EkTalkIyU39PpDQ0Zhz6tjOkODCL3lT8z2slGFx1UqHiBLli84+CRBKMyDQC0hOaM5RjSyjTwu5K2IBqytAGlbcheIsnL5P6edlzy97dRbFSyeLIwTGcQAk8uIQK3EIVasBAwzO8wpvz5Lw4787HvHXFyWaO4A+czx9khJHD</latexit>

x̄ | f(x̄) = 0
<latexit sha1_base64="14UD32vQAyV9qqmQqeD+RwgWrBE=">AAACC3icbVDLSsNAFL3xWesr6tLN0CLUTUlE0I1QcOOygn1AE8pkOmmHTiZxZiKW2L0bf8WNC0Xc+gPu/BunbRbaemCYwzn3cu89QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HLit+6oVCwWN3qUUD/CfcFCRrA2UtcueQGW2f0Yebcp7qGH/A8ruX584XTtslN1pkCLxM1JGXLUu/aX14tJGlGhCcdKdVwn0X6GpWaE03HRSxVNMBniPu0YKnBElZ9NbxmjI6OY+bE0T2g0VX93ZDhSahQFpjLCeqDmvYn4n9dJdXjuZ0wkqaaCzAaFKUc6RpNgUI9JSjQfGYKJZGZXRAZYYqJNfEUTgjt/8iJpnlRdp+pen5ZrtTyOAhxCCSrgwhnU4Arq0AACj/AMr/BmPVkv1rv1MStdsvKeA/gD6/MHun6aLQ==</latexit><latexit sha1_base64="14UD32vQAyV9qqmQqeD+RwgWrBE=">AAACC3icbVDLSsNAFL3xWesr6tLN0CLUTUlE0I1QcOOygn1AE8pkOmmHTiZxZiKW2L0bf8WNC0Xc+gPu/BunbRbaemCYwzn3cu89QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HLit+6oVCwWN3qUUD/CfcFCRrA2UtcueQGW2f0Yebcp7qGH/A8ruX584XTtslN1pkCLxM1JGXLUu/aX14tJGlGhCcdKdVwn0X6GpWaE03HRSxVNMBniPu0YKnBElZ9NbxmjI6OY+bE0T2g0VX93ZDhSahQFpjLCeqDmvYn4n9dJdXjuZ0wkqaaCzAaFKUc6RpNgUI9JSjQfGYKJZGZXRAZYYqJNfEUTgjt/8iJpnlRdp+pen5ZrtTyOAhxCCSrgwhnU4Arq0AACj/AMr/BmPVkv1rv1MStdsvKeA/gD6/MHun6aLQ==</latexit><latexit sha1_base64="14UD32vQAyV9qqmQqeD+RwgWrBE=">AAACC3icbVDLSsNAFL3xWesr6tLN0CLUTUlE0I1QcOOygn1AE8pkOmmHTiZxZiKW2L0bf8WNC0Xc+gPu/BunbRbaemCYwzn3cu89QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HLit+6oVCwWN3qUUD/CfcFCRrA2UtcueQGW2f0Yebcp7qGH/A8ruX584XTtslN1pkCLxM1JGXLUu/aX14tJGlGhCcdKdVwn0X6GpWaE03HRSxVNMBniPu0YKnBElZ9NbxmjI6OY+bE0T2g0VX93ZDhSahQFpjLCeqDmvYn4n9dJdXjuZ0wkqaaCzAaFKUc6RpNgUI9JSjQfGYKJZGZXRAZYYqJNfEUTgjt/8iJpnlRdp+pen5ZrtTyOAhxCCSrgwhnU4Arq0AACj/AMr/BmPVkv1rv1MStdsvKeA/gD6/MHun6aLQ==</latexit><latexit sha1_base64="14UD32vQAyV9qqmQqeD+RwgWrBE=">AAACC3icbVDLSsNAFL3xWesr6tLN0CLUTUlE0I1QcOOygn1AE8pkOmmHTiZxZiKW2L0bf8WNC0Xc+gPu/BunbRbaemCYwzn3cu89QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+U8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8HLit+6oVCwWN3qUUD/CfcFCRrA2UtcueQGW2f0Yebcp7qGH/A8ruX584XTtslN1pkCLxM1JGXLUu/aX14tJGlGhCcdKdVwn0X6GpWaE03HRSxVNMBniPu0YKnBElZ9NbxmjI6OY+bE0T2g0VX93ZDhSahQFpjLCeqDmvYn4n9dJdXjuZ0wkqaaCzAaFKUc6RpNgUI9JSjQfGYKJZGZXRAZYYqJNfEUTgjt/8iJpnlRdp+pen5ZrtTyOAhxCCSrgwhnU4Arq0AACj/AMr/BmPVkv1rv1MStdsvKeA/gD6/MHun6aLQ==</latexit>

Fixed points:

Autonomous system 

Deduce local (in)stability from linearisation

t ! +1
<latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit><latexit sha1_base64="ufmIOrMxvaT3hipuvcnvmZOwrNc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEISSiKDHghePFWwrNKFstpt26WY37E6UUHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlRKrgBz/t2SkvLK6tr5fXKxubW9o67u9cyKtOUNakSSt9FxDDBJWsCB8HuUs1IEgnWjoZXE799z7ThSt5CnrIwIX3JY04JWKnrHgAONO8PgGitHvApDriMIe+6Va/mTYEXiV+QKirQ6LpfQU/RLGESqCDGdHwvhXBENHAq2LgSZIalhA5Jn3UslSRhJhxN7x/jY6v0cKy0LQl4qv6eGJHEmDyJbGdCYGDmvYn4n9fJIL4MR1ymGTBJZ4viTGBQeBIG7nHNKIjcEkI1t7diOiCaULCRVWwI/vzLi6R1VvO9mn9zXq3XizjK6BAdoRPkowtUR9eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH2aJla8=</latexit>

Lyapunov-like theorems:

Find Lyapunov function   L(x(t))
<latexit sha1_base64="4GGEngAMBYF+r3//u9xaX7I3DiY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovQbkoigi4Lbly4qGAf0IYymU7aoZNJmLlRS+ynuHGhiFu/xJ1/46TNQlsPDBzOuZd75vix4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK2jRFHWopGIVNcnmgkuWQs4CNaNFSOhL1jHn1xlfueeKc0jeQfTmHkhGUkecErASAO73A8JjCkR6c2s+liFWm1gV5y6MwdeJW5OKihHc2B/9YcRTUImgQqidc91YvBSooBTwWalfqJZTOiEjFjPUElCpr10Hn2GT40yxEGkzJOA5+rvjZSEWk9D30xmQfWyl4n/eb0Egksv5TJOgEm6OBQkAkOEsx7wkCtGQUwNIVRxkxXTMVGEgmmrZEpwl7+8Stpnddepu7fnlUYjr6OIjtEJqiIXXaAGukZN1EIUPaBn9IrerCfrxXq3PhajBSvfOUJ/YH3+AFDNk1s=</latexit><latexit sha1_base64="4GGEngAMBYF+r3//u9xaX7I3DiY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovQbkoigi4Lbly4qGAf0IYymU7aoZNJmLlRS+ynuHGhiFu/xJ1/46TNQlsPDBzOuZd75vix4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK2jRFHWopGIVNcnmgkuWQs4CNaNFSOhL1jHn1xlfueeKc0jeQfTmHkhGUkecErASAO73A8JjCkR6c2s+liFWm1gV5y6MwdeJW5OKihHc2B/9YcRTUImgQqidc91YvBSooBTwWalfqJZTOiEjFjPUElCpr10Hn2GT40yxEGkzJOA5+rvjZSEWk9D30xmQfWyl4n/eb0Egksv5TJOgEm6OBQkAkOEsx7wkCtGQUwNIVRxkxXTMVGEgmmrZEpwl7+8Stpnddepu7fnlUYjr6OIjtEJqiIXXaAGukZN1EIUPaBn9IrerCfrxXq3PhajBSvfOUJ/YH3+AFDNk1s=</latexit><latexit sha1_base64="4GGEngAMBYF+r3//u9xaX7I3DiY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovQbkoigi4Lbly4qGAf0IYymU7aoZNJmLlRS+ynuHGhiFu/xJ1/46TNQlsPDBzOuZd75vix4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK2jRFHWopGIVNcnmgkuWQs4CNaNFSOhL1jHn1xlfueeKc0jeQfTmHkhGUkecErASAO73A8JjCkR6c2s+liFWm1gV5y6MwdeJW5OKihHc2B/9YcRTUImgQqidc91YvBSooBTwWalfqJZTOiEjFjPUElCpr10Hn2GT40yxEGkzJOA5+rvjZSEWk9D30xmQfWyl4n/eb0Egksv5TJOgEm6OBQkAkOEsx7wkCtGQUwNIVRxkxXTMVGEgmmrZEpwl7+8Stpnddepu7fnlUYjr6OIjtEJqiIXXaAGukZN1EIUPaBn9IrerCfrxXq3PhajBSvfOUJ/YH3+AFDNk1s=</latexit><latexit sha1_base64="4GGEngAMBYF+r3//u9xaX7I3DiY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovQbkoigi4Lbly4qGAf0IYymU7aoZNJmLlRS+ynuHGhiFu/xJ1/46TNQlsPDBzOuZd75vix4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK2jRFHWopGIVNcnmgkuWQs4CNaNFSOhL1jHn1xlfueeKc0jeQfTmHkhGUkecErASAO73A8JjCkR6c2s+liFWm1gV5y6MwdeJW5OKihHc2B/9YcRTUImgQqidc91YvBSooBTwWalfqJZTOiEjFjPUElCpr10Hn2GT40yxEGkzJOA5+rvjZSEWk9D30xmQfWyl4n/eb0Egksv5TJOgEm6OBQkAkOEsx7wkCtGQUwNIVRxkxXTMVGEgmmrZEpwl7+8Stpnddepu7fnlUYjr6OIjtEJqiIXXaAGukZN1EIUPaBn9IrerCfrxXq3PhajBSvfOUJ/YH3+AFDNk1s=</latexit>

s.t. 

?

everywhere 

L(x(t)) > 0,L(x̄) = 0
<latexit sha1_base64="f/f6A4iNbh9Vph+DiB4rfVhs/Rc=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWoigm6UghsXLirYBzShTKaTduhkEmYm0hLyGW78FTcuFHHbnX/jpM2iVg9cOJxzL/fe40WMSmVZ30ZhZXVtfaO4Wdra3tndM/cPWjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RreZ334iQtKQP6pJRNwADTj1KUZKSz3zzAmQGmLEkvu0Mq6oahXeQOsULsqOh0QyTqvwGlo9s2zVrBngX2LnpAxyNHrm1OmHOA4IV5ghKbu2FSk3QUJRzEhacmJJIoRHaEC6mnIUEOkms8dSeKKVPvRDoYsrOFMXJxIUSDkJPN2Z3SuXvUz8z+vGyr9yE8qjWBGO54v8mEEVwiwl2KeCYMUmmiAsqL4V4iESCCudZUmHYC+//Je0zmu2VbMfLsr1eh5HERyBY1ABNrgEdXAHGqAJMHgGr+AdfBgvxpvxaXzNWwtGPnMIfsGY/gA7wp36</latexit><latexit sha1_base64="f/f6A4iNbh9Vph+DiB4rfVhs/Rc=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWoigm6UghsXLirYBzShTKaTduhkEmYm0hLyGW78FTcuFHHbnX/jpM2iVg9cOJxzL/fe40WMSmVZ30ZhZXVtfaO4Wdra3tndM/cPWjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RreZ334iQtKQP6pJRNwADTj1KUZKSz3zzAmQGmLEkvu0Mq6oahXeQOsULsqOh0QyTqvwGlo9s2zVrBngX2LnpAxyNHrm1OmHOA4IV5ghKbu2FSk3QUJRzEhacmJJIoRHaEC6mnIUEOkms8dSeKKVPvRDoYsrOFMXJxIUSDkJPN2Z3SuXvUz8z+vGyr9yE8qjWBGO54v8mEEVwiwl2KeCYMUmmiAsqL4V4iESCCudZUmHYC+//Je0zmu2VbMfLsr1eh5HERyBY1ABNrgEdXAHGqAJMHgGr+AdfBgvxpvxaXzNWwtGPnMIfsGY/gA7wp36</latexit><latexit sha1_base64="f/f6A4iNbh9Vph+DiB4rfVhs/Rc=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWoigm6UghsXLirYBzShTKaTduhkEmYm0hLyGW78FTcuFHHbnX/jpM2iVg9cOJxzL/fe40WMSmVZ30ZhZXVtfaO4Wdra3tndM/cPWjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RreZ334iQtKQP6pJRNwADTj1KUZKSz3zzAmQGmLEkvu0Mq6oahXeQOsULsqOh0QyTqvwGlo9s2zVrBngX2LnpAxyNHrm1OmHOA4IV5ghKbu2FSk3QUJRzEhacmJJIoRHaEC6mnIUEOkms8dSeKKVPvRDoYsrOFMXJxIUSDkJPN2Z3SuXvUz8z+vGyr9yE8qjWBGO54v8mEEVwiwl2KeCYMUmmiAsqL4V4iESCCudZUmHYC+//Je0zmu2VbMfLsr1eh5HERyBY1ABNrgEdXAHGqAJMHgGr+AdfBgvxpvxaXzNWwtGPnMIfsGY/gA7wp36</latexit><latexit sha1_base64="f/f6A4iNbh9Vph+DiB4rfVhs/Rc=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWoigm6UghsXLirYBzShTKaTduhkEmYm0hLyGW78FTcuFHHbnX/jpM2iVg9cOJxzL/fe40WMSmVZ30ZhZXVtfaO4Wdra3tndM/cPWjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RreZ334iQtKQP6pJRNwADTj1KUZKSz3zzAmQGmLEkvu0Mq6oahXeQOsULsqOh0QyTqvwGlo9s2zVrBngX2LnpAxyNHrm1OmHOA4IV5ghKbu2FSk3QUJRzEhacmJJIoRHaEC6mnIUEOkms8dSeKKVPvRDoYsrOFMXJxIUSDkJPN2Z3SuXvUz8z+vGyr9yE8qjWBGO54v8mEEVwiwl2KeCYMUmmiAsqL4V4iESCCudZUmHYC+//Je0zmu2VbMfLsr1eh5HERyBY1ABNrgEdXAHGqAJMHgGr+AdfBgvxpvxaXzNWwtGPnMIfsGY/gA7wp36</latexit>

If  x ! x̄
<latexit sha1_base64="wUoIbfygmyc2DYxjDa/dMW7d/0c=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeCF48V7Ac0oWy2m3bpZjfsTrQlFPwrXjwo4tXf4c1/47bNQVsfDDzem2FmXpQKbsDzvp2V1bX1jc3SVnl7Z3dv3z04bBqVacoaVAml2xExTHDJGsBBsHaqGUkiwVrR8Gbqtx6YNlzJexinLExIX/KYUwJW6rrHIxxo3h8A0Vo94iAiOh9Num7Fq3oz4GXiF6SCCtS77lfQUzRLmAQqiDEd30shzIkGTgWblIPMsJTQIemzjqWSJMyE+ez8CT6zSg/HStuSgGfq74mcJMaMk8h2JgQGZtGbiv95nQzi6zDnMs2ASTpfFGcCg8LTLHCPa0ZBjC0hVHN7K6YDogkFm1jZhuAvvrxMmhdV36v6d5eVWq2Io4RO0Ck6Rz66QjV0i+qogSjK0TN6RW/Ok/PivDsf89YVp5g5Qn/gfP4Ai5iV2Q==</latexit><latexit sha1_base64="wUoIbfygmyc2DYxjDa/dMW7d/0c=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeCF48V7Ac0oWy2m3bpZjfsTrQlFPwrXjwo4tXf4c1/47bNQVsfDDzem2FmXpQKbsDzvp2V1bX1jc3SVnl7Z3dv3z04bBqVacoaVAml2xExTHDJGsBBsHaqGUkiwVrR8Gbqtx6YNlzJexinLExIX/KYUwJW6rrHIxxo3h8A0Vo94iAiOh9Num7Fq3oz4GXiF6SCCtS77lfQUzRLmAQqiDEd30shzIkGTgWblIPMsJTQIemzjqWSJMyE+ez8CT6zSg/HStuSgGfq74mcJMaMk8h2JgQGZtGbiv95nQzi6zDnMs2ASTpfFGcCg8LTLHCPa0ZBjC0hVHN7K6YDogkFm1jZhuAvvrxMmhdV36v6d5eVWq2Io4RO0Ck6Rz66QjV0i+qogSjK0TN6RW/Ok/PivDsf89YVp5g5Qn/gfP4Ai5iV2Q==</latexit><latexit sha1_base64="wUoIbfygmyc2DYxjDa/dMW7d/0c=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeCF48V7Ac0oWy2m3bpZjfsTrQlFPwrXjwo4tXf4c1/47bNQVsfDDzem2FmXpQKbsDzvp2V1bX1jc3SVnl7Z3dv3z04bBqVacoaVAml2xExTHDJGsBBsHaqGUkiwVrR8Gbqtx6YNlzJexinLExIX/KYUwJW6rrHIxxo3h8A0Vo94iAiOh9Num7Fq3oz4GXiF6SCCtS77lfQUzRLmAQqiDEd30shzIkGTgWblIPMsJTQIemzjqWSJMyE+ez8CT6zSg/HStuSgGfq74mcJMaMk8h2JgQGZtGbiv95nQzi6zDnMs2ASTpfFGcCg8LTLHCPa0ZBjC0hVHN7K6YDogkFm1jZhuAvvrxMmhdV36v6d5eVWq2Io4RO0Ck6Rz66QjV0i+qogSjK0TN6RW/Ok/PivDsf89YVp5g5Qn/gfP4Ai5iV2Q==</latexit><latexit sha1_base64="wUoIbfygmyc2DYxjDa/dMW7d/0c=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeCF48V7Ac0oWy2m3bpZjfsTrQlFPwrXjwo4tXf4c1/47bNQVsfDDzem2FmXpQKbsDzvp2V1bX1jc3SVnl7Z3dv3z04bBqVacoaVAml2xExTHDJGsBBsHaqGUkiwVrR8Gbqtx6YNlzJexinLExIX/KYUwJW6rrHIxxo3h8A0Vo94iAiOh9Num7Fq3oz4GXiF6SCCtS77lfQUzRLmAQqiDEd30shzIkGTgWblIPMsJTQIemzjqWSJMyE+ez8CT6zSg/HStuSgGfq74mcJMaMk8h2JgQGZtGbiv95nQzi6zDnMs2ASTpfFGcCg8LTLHCPa0ZBjC0hVHN7K6YDogkFm1jZhuAvvrxMmhdV36v6d5eVWq2Io4RO0Ck6Rz66QjV0i+qogSjK0TN6RW/Ok/PivDsf89YVp5g5Qn/gfP4Ai5iV2Q==</latexit>

On compact set  x !
n
y | L̇(y) = 0

o

<latexit sha1_base64="bM/Y2M4XbqdhNVSpDi1e15Z/UUU="></latexit><latexit sha1_base64="bM/Y2M4XbqdhNVSpDi1e15Z/UUU="></latexit><latexit sha1_base64="bM/Y2M4XbqdhNVSpDi1e15Z/UUU="></latexit><latexit sha1_base64="bM/Y2M4XbqdhNVSpDi1e15Z/UUU="></latexit>

L̇(x(t))  0
<latexit sha1_base64="vO+D/Xhr+rhZgTLsLYMlE80fBUA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQbkoigi6Lbly4qGAf0IYymU7aoZOHMzdiCdm58VfcuFDErb/gzr9x0mahrQcGDufce+fe40aCK7Csb6OwtLyyulZcL21sbm3vmLt7LRXGkrImDUUoOy5RTPCANYGDYJ1IMuK7grXd8WXmt++ZVDwMbmESMccnw4B7nBLQUt887A1CSHo+gRElIrlO08pDBapV3BPsDlt9s2zVrCnwIrFzUkY5Gn3zSw+ksc8CoIIo1bWtCJyESOBUsLTUixWLCB2TIetqGhCfKSeZ3pHiY60MsBdK/QLAU/V3R0J8pSa+qyuzhdW8l4n/ed0YvHMn4UEUAwvo7CMvFhhCnIWCB1wyCmKiCaGS610xHRFJKOjoSjoEe/7kRdI6qdlWzb45Ldcv8jiK6AAdoQqy0RmqoyvUQE1E0SN6Rq/ozXgyXox342NWWjDynn30B8bnD7nJmIg=</latexit><latexit sha1_base64="vO+D/Xhr+rhZgTLsLYMlE80fBUA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQbkoigi6Lbly4qGAf0IYymU7aoZOHMzdiCdm58VfcuFDErb/gzr9x0mahrQcGDufce+fe40aCK7Csb6OwtLyyulZcL21sbm3vmLt7LRXGkrImDUUoOy5RTPCANYGDYJ1IMuK7grXd8WXmt++ZVDwMbmESMccnw4B7nBLQUt887A1CSHo+gRElIrlO08pDBapV3BPsDlt9s2zVrCnwIrFzUkY5Gn3zSw+ksc8CoIIo1bWtCJyESOBUsLTUixWLCB2TIetqGhCfKSeZ3pHiY60MsBdK/QLAU/V3R0J8pSa+qyuzhdW8l4n/ed0YvHMn4UEUAwvo7CMvFhhCnIWCB1wyCmKiCaGS610xHRFJKOjoSjoEe/7kRdI6qdlWzb45Ldcv8jiK6AAdoQqy0RmqoyvUQE1E0SN6Rq/ozXgyXox342NWWjDynn30B8bnD7nJmIg=</latexit><latexit sha1_base64="vO+D/Xhr+rhZgTLsLYMlE80fBUA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQbkoigi6Lbly4qGAf0IYymU7aoZOHMzdiCdm58VfcuFDErb/gzr9x0mahrQcGDufce+fe40aCK7Csb6OwtLyyulZcL21sbm3vmLt7LRXGkrImDUUoOy5RTPCANYGDYJ1IMuK7grXd8WXmt++ZVDwMbmESMccnw4B7nBLQUt887A1CSHo+gRElIrlO08pDBapV3BPsDlt9s2zVrCnwIrFzUkY5Gn3zSw+ksc8CoIIo1bWtCJyESOBUsLTUixWLCB2TIetqGhCfKSeZ3pHiY60MsBdK/QLAU/V3R0J8pSa+qyuzhdW8l4n/ed0YvHMn4UEUAwvo7CMvFhhCnIWCB1wyCmKiCaGS610xHRFJKOjoSjoEe/7kRdI6qdlWzb45Ldcv8jiK6AAdoQqy0RmqoyvUQE1E0SN6Rq/ozXgyXox342NWWjDynn30B8bnD7nJmIg=</latexit><latexit sha1_base64="vO+D/Xhr+rhZgTLsLYMlE80fBUA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQbkoigi6Lbly4qGAf0IYymU7aoZOHMzdiCdm58VfcuFDErb/gzr9x0mahrQcGDufce+fe40aCK7Csb6OwtLyyulZcL21sbm3vmLt7LRXGkrImDUUoOy5RTPCANYGDYJ1IMuK7grXd8WXmt++ZVDwMbmESMccnw4B7nBLQUt887A1CSHo+gRElIrlO08pDBapV3BPsDlt9s2zVrCnwIrFzUkY5Gn3zSw+ksc8CoIIo1bWtCJyESOBUsLTUixWLCB2TIetqGhCfKSeZ3pHiY60MsBdK/QLAU/V3R0J8pSa+qyuzhdW8l4n/ed0YvHMn4UEUAwvo7CMvFhhCnIWCB1wyCmKiCaGS610xHRFJKOjoSjoEe/7kRdI6qdlWzb45Ldcv8jiK6AAdoQqy0RmqoyvUQE1E0SN6Rq/ozXgyXox342NWWjDynn30B8bnD7nJmIg=</latexit>

Not only points!

Local

Global

Trivial example: ẋ = �x, L = x2 L̇ = 2xẋ = �x2  0
<latexit sha1_base64="IkMz2jKsi2UEsi5e16uGVhg5iBc="></latexit><latexit sha1_base64="IkMz2jKsi2UEsi5e16uGVhg5iBc="></latexit><latexit sha1_base64="IkMz2jKsi2UEsi5e16uGVhg5iBc="></latexit><latexit sha1_base64="IkMz2jKsi2UEsi5e16uGVhg5iBc="></latexit>

}
<latexit sha1_base64="kiSplc0snGk1a/zVufCYryhcwOg=">AAAB6XicdVDLSgNBEOyNrxgfiXr0MhgET8tuTExyC3rxGMU8IFnC7GQ2GTI7u8zMCmHJH3jxoIhX/8ibf+PkIahoQUNR1U13lx9zprTjfFiZtfWNza3sdm5nd28/Xzg4bKsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1zN/c49lYpF4k5PY+qFeCRYwAjWRrrtzwaFomOfV+sXlToypFYtlStL4tRc5NrOAkVYoTkovPeHEUlCKjThWKme68TaS7HUjHA6y/UTRWNMJnhEe4YKHFLlpYtLZ+jUKEMURNKU0Gihfp9IcajUNPRNZ4j1WP325uJfXi/RQc1LmYgTTQVZLgoSjnSE5m+jIZOUaD41BBPJzK2IjLHERJtwciaEr0/R/6Rdsl3Hdm/KxcblKo4sHMMJnIELVWjANTShBQQCeIAneLYm1qP1Yr0uWzPWauYIfsB6+wQoho3G</latexit><latexit sha1_base64="kiSplc0snGk1a/zVufCYryhcwOg=">AAAB6XicdVDLSgNBEOyNrxgfiXr0MhgET8tuTExyC3rxGMU8IFnC7GQ2GTI7u8zMCmHJH3jxoIhX/8ibf+PkIahoQUNR1U13lx9zprTjfFiZtfWNza3sdm5nd28/Xzg4bKsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1zN/c49lYpF4k5PY+qFeCRYwAjWRrrtzwaFomOfV+sXlToypFYtlStL4tRc5NrOAkVYoTkovPeHEUlCKjThWKme68TaS7HUjHA6y/UTRWNMJnhEe4YKHFLlpYtLZ+jUKEMURNKU0Gihfp9IcajUNPRNZ4j1WP325uJfXi/RQc1LmYgTTQVZLgoSjnSE5m+jIZOUaD41BBPJzK2IjLHERJtwciaEr0/R/6Rdsl3Hdm/KxcblKo4sHMMJnIELVWjANTShBQQCeIAneLYm1qP1Yr0uWzPWauYIfsB6+wQoho3G</latexit><latexit sha1_base64="kiSplc0snGk1a/zVufCYryhcwOg=">AAAB6XicdVDLSgNBEOyNrxgfiXr0MhgET8tuTExyC3rxGMU8IFnC7GQ2GTI7u8zMCmHJH3jxoIhX/8ibf+PkIahoQUNR1U13lx9zprTjfFiZtfWNza3sdm5nd28/Xzg4bKsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1zN/c49lYpF4k5PY+qFeCRYwAjWRrrtzwaFomOfV+sXlToypFYtlStL4tRc5NrOAkVYoTkovPeHEUlCKjThWKme68TaS7HUjHA6y/UTRWNMJnhEe4YKHFLlpYtLZ+jUKEMURNKU0Gihfp9IcajUNPRNZ4j1WP325uJfXi/RQc1LmYgTTQVZLgoSjnSE5m+jIZOUaD41BBPJzK2IjLHERJtwciaEr0/R/6Rdsl3Hdm/KxcblKo4sHMMJnIELVWjANTShBQQCeIAneLYm1qP1Yr0uWzPWauYIfsB6+wQoho3G</latexit><latexit sha1_base64="kiSplc0snGk1a/zVufCYryhcwOg=">AAAB6XicdVDLSgNBEOyNrxgfiXr0MhgET8tuTExyC3rxGMU8IFnC7GQ2GTI7u8zMCmHJH3jxoIhX/8ibf+PkIahoQUNR1U13lx9zprTjfFiZtfWNza3sdm5nd28/Xzg4bKsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1zN/c49lYpF4k5PY+qFeCRYwAjWRrrtzwaFomOfV+sXlToypFYtlStL4tRc5NrOAkVYoTkovPeHEUlCKjThWKme68TaS7HUjHA6y/UTRWNMJnhEe4YKHFLlpYtLZ+jUKEMURNKU0Gihfp9IcajUNPRNZ4j1WP325uJfXi/RQc1LmYgTTQVZLgoSjnSE5m+jIZOUaD41BBPJzK2IjLHERJtwciaEr0/R/6Rdsl3Hdm/KxcblKo4sHMMJnIELVWjANTShBQQCeIAneLYm1qP1Yr0uWzPWauYIfsB6+wQoho3G</latexit>



 SCHEMATIC CLASSIFICATION

New variable:

V (s, a) =
1

s�

nX

i=0

Pi(w)

si
<latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit>

Upper bound saturated in all examples solved  
numerically - we are trying to prove this

Kination
Asymptotic behaviour



 SCHEMATIC CLASSIFICATION

New variable:

Fixed point - easy w ! w̄ | P0(w) = 0
<latexit sha1_base64="MDPCPi8KxQfz4U8O4EELNstU8r0="></latexit><latexit sha1_base64="MDPCPi8KxQfz4U8O4EELNstU8r0="></latexit><latexit sha1_base64="MDPCPi8KxQfz4U8O4EELNstU8r0="></latexit><latexit sha1_base64="MDPCPi8KxQfz4U8O4EELNstU8r0="></latexit>

V (s, a) =
1

s�

nX

i=0

Pi(w)

si
<latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit><latexit sha1_base64="1i5yQNOymcFLgbdNTIPHwSADN54="></latexit>

Upper bound saturated in all examples solved  
numerically - we are trying to prove this

Kination

New oscillating  
solutions

Asymptotic behaviour

[(Brinkmann),Cicoli, Dibitetto,Pedro ’20-’22][FR ’23]



A COUNTER-EXAMPLE?

“Growing” trajectories  

Similar to axion backreaction, [Baume, Palti’16][Grimm,Li ’20][Calderon-Infante,Uranga,Valenzuela ’20]

claim easy to show  

K = c log s
<latexit sha1_base64="FTAkms24Z1e4wn5pCqVtj2KnIqg=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CIUvQheKtgPaJeSTbNtaDZZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXpgIbqznfaOV1bX1jc3CVnF7Z3dvv3Rw2DAq1ZTVqRJKt0JimOCS1S23grUSzUgcCtYMh7dTvzli2nAlH+04YUFM+pJHnBLrpOAeX2OKO0L1scHdUtmreDPgZeLnpAw5at3SV6enaBozaakgxrR9L7FBRrTlVLBJsZMalhA6JH3WdlSSmJkgmx09wadO6eFIaVfS4pn6eyIjsTHjOHSdMbEDs+hNxf+8dmqjqyDjMkktk3S+KEoFtgpPE8A9rhm1YuwIoZq7WzEdEE2odTkVXQj+4svLpHFe8b2K/3BRrt7kcRTgGE7gDHy4hCrcQQ3qQOEJnuEV3tAIvaB39DFvXUH5zBH8Afr8AXiskJg=</latexit><latexit sha1_base64="FTAkms24Z1e4wn5pCqVtj2KnIqg=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CIUvQheKtgPaJeSTbNtaDZZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXpgIbqznfaOV1bX1jc3CVnF7Z3dvv3Rw2DAq1ZTVqRJKt0JimOCS1S23grUSzUgcCtYMh7dTvzli2nAlH+04YUFM+pJHnBLrpOAeX2OKO0L1scHdUtmreDPgZeLnpAw5at3SV6enaBozaakgxrR9L7FBRrTlVLBJsZMalhA6JH3WdlSSmJkgmx09wadO6eFIaVfS4pn6eyIjsTHjOHSdMbEDs+hNxf+8dmqjqyDjMkktk3S+KEoFtgpPE8A9rhm1YuwIoZq7WzEdEE2odTkVXQj+4svLpHFe8b2K/3BRrt7kcRTgGE7gDHy4hCrcQQ3qQOEJnuEV3tAIvaB39DFvXUH5zBH8Afr8AXiskJg=</latexit><latexit sha1_base64="FTAkms24Z1e4wn5pCqVtj2KnIqg=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CIUvQheKtgPaJeSTbNtaDZZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXpgIbqznfaOV1bX1jc3CVnF7Z3dvv3Rw2DAq1ZTVqRJKt0JimOCS1S23grUSzUgcCtYMh7dTvzli2nAlH+04YUFM+pJHnBLrpOAeX2OKO0L1scHdUtmreDPgZeLnpAw5at3SV6enaBozaakgxrR9L7FBRrTlVLBJsZMalhA6JH3WdlSSmJkgmx09wadO6eFIaVfS4pn6eyIjsTHjOHSdMbEDs+hNxf+8dmqjqyDjMkktk3S+KEoFtgpPE8A9rhm1YuwIoZq7WzEdEE2odTkVXQj+4svLpHFe8b2K/3BRrt7kcRTgGE7gDHy4hCrcQQ3qQOEJnuEV3tAIvaB39DFvXUH5zBH8Afr8AXiskJg=</latexit><latexit sha1_base64="FTAkms24Z1e4wn5pCqVtj2KnIqg=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CIUvQheKtgPaJeSTbNtaDZZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXpgIbqznfaOV1bX1jc3CVnF7Z3dvv3Rw2DAq1ZTVqRJKt0JimOCS1S23grUSzUgcCtYMh7dTvzli2nAlH+04YUFM+pJHnBLrpOAeX2OKO0L1scHdUtmreDPgZeLnpAw5at3SV6enaBozaakgxrR9L7FBRrTlVLBJsZMalhA6JH3WdlSSmJkgmx09wadO6eFIaVfS4pn6eyIjsTHjOHSdMbEDs+hNxf+8dmqjqyDjMkktk3S+KEoFtgpPE8A9rhm1YuwIoZq7WzEdEE2odTkVXQj+4svLpHFe8b2K/3BRrt7kcRTgGE7gDHy4hCrcQQ3qQOEJnuEV3tAIvaB39DFvXUH5zBH8Afr8AXiskJg=</latexit>

V ⇠
X Pn(w)

s�n
<latexit sha1_base64="nwRyzDqahJxn11EQwNC2vSJHeNc="></latexit><latexit sha1_base64="nwRyzDqahJxn11EQwNC2vSJHeNc="></latexit><latexit sha1_base64="nwRyzDqahJxn11EQwNC2vSJHeNc="></latexit><latexit sha1_base64="nwRyzDqahJxn11EQwNC2vSJHeNc="></latexit>

+
<latexit sha1_base64="S6HKxo34dPJaFANtK674JJPUDY8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9Zq1Sr+dxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHcOuMrQ==</latexit><latexit sha1_base64="S6HKxo34dPJaFANtK674JJPUDY8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9Zq1Sr+dxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHcOuMrQ==</latexit><latexit sha1_base64="S6HKxo34dPJaFANtK674JJPUDY8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9Zq1Sr+dxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHcOuMrQ==</latexit><latexit sha1_base64="S6HKxo34dPJaFANtK674JJPUDY8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9Zq1Sr+dxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHcOuMrQ==</latexit>



A COUNTER-EXAMPLE?

“Growing” trajectories  

“Oscillating” trajectories  

Similar to axion backreaction, [Baume, Palti’16][Grimm,Li ’20][Calderon-Infante,Uranga,Valenzuela ’20]

x
<latexit sha1_base64="sS/1Y4RUFRdYgUjEZXi7AEhWI1A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4zeM8g==</latexit><latexit sha1_base64="sS/1Y4RUFRdYgUjEZXi7AEhWI1A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4zeM8g==</latexit><latexit sha1_base64="sS/1Y4RUFRdYgUjEZXi7AEhWI1A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4zeM8g==</latexit><latexit sha1_base64="sS/1Y4RUFRdYgUjEZXi7AEhWI1A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4zeM8g==</latexit>

y
<latexit sha1_base64="fHd3Ofo39OCZ6T6IuApaHtVI2Os=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljw4rEF+wFtKJvtpF272YTdjRBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7T6g0j+WDyRL0IzqWPOSMGiu1smGl6tbcBcg68QpShQLNYeVrMIpZGqE0TFCt+56bGD+nynAmcFYepBoTyqZ0jH1LJY1Q+/ni0Bm5tMqIhLGyJQ1ZqL8nchppnUWB7YyomehVby7+5/VTE9b9nMskNSjZclGYCmJiMv+ajLhCZkRmCWWK21sJm1BFmbHZlG0I3urL66RzXfPcmte6qTbqRRwlOIcLuAIPbqEB99CENjBAeIZXeHMenRfn3flYtm44xcwZ/IHz+QPku4zz</latexit><latexit sha1_base64="fHd3Ofo39OCZ6T6IuApaHtVI2Os=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljw4rEF+wFtKJvtpF272YTdjRBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7T6g0j+WDyRL0IzqWPOSMGiu1smGl6tbcBcg68QpShQLNYeVrMIpZGqE0TFCt+56bGD+nynAmcFYepBoTyqZ0jH1LJY1Q+/ni0Bm5tMqIhLGyJQ1ZqL8nchppnUWB7YyomehVby7+5/VTE9b9nMskNSjZclGYCmJiMv+ajLhCZkRmCWWK21sJm1BFmbHZlG0I3urL66RzXfPcmte6qTbqRRwlOIcLuAIPbqEB99CENjBAeIZXeHMenRfn3flYtm44xcwZ/IHz+QPku4zz</latexit><latexit sha1_base64="fHd3Ofo39OCZ6T6IuApaHtVI2Os=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljw4rEF+wFtKJvtpF272YTdjRBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7T6g0j+WDyRL0IzqWPOSMGiu1smGl6tbcBcg68QpShQLNYeVrMIpZGqE0TFCt+56bGD+nynAmcFYepBoTyqZ0jH1LJY1Q+/ni0Bm5tMqIhLGyJQ1ZqL8nchppnUWB7YyomehVby7+5/VTE9b9nMskNSjZclGYCmJiMv+ajLhCZkRmCWWK21sJm1BFmbHZlG0I3urL66RzXfPcmte6qTbqRRwlOIcLuAIPbqEB99CENjBAeIZXeHMenRfn3flYtm44xcwZ/IHz+QPku4zz</latexit><latexit sha1_base64="fHd3Ofo39OCZ6T6IuApaHtVI2Os=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljw4rEF+wFtKJvtpF272YTdjRBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7T6g0j+WDyRL0IzqWPOSMGiu1smGl6tbcBcg68QpShQLNYeVrMIpZGqE0TFCt+56bGD+nynAmcFYepBoTyqZ0jH1LJY1Q+/ni0Bm5tMqIhLGyJQ1ZqL8nchppnUWB7YyomehVby7+5/VTE9b9nMskNSjZclGYCmJiMv+ajLhCZkRmCWWK21sJm1BFmbHZlG0I3urL66RzXfPcmte6qTbqRRwlOIcLuAIPbqEB99CENjBAeIZXeHMenRfn3flYtm44xcwZ/IHz+QPku4zz</latexit>
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x ! 0, w ! 0
<latexit sha1_base64="7CxP2Mae39bnIaiqxFq5oTGJv1k="></latexit><latexit sha1_base64="7CxP2Mae39bnIaiqxFq5oTGJv1k="></latexit><latexit sha1_base64="7CxP2Mae39bnIaiqxFq5oTGJv1k="></latexit><latexit sha1_base64="7CxP2Mae39bnIaiqxFq5oTGJv1k="></latexit>

BUT corrections unavoidable & spoil behaviour  

claim easy to show  

K = c log s
<latexit sha1_base64="FTAkms24Z1e4wn5pCqVtj2KnIqg=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CIUvQheKtgPaJeSTbNtaDZZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXpgIbqznfaOV1bX1jc3CVnF7Z3dvv3Rw2DAq1ZTVqRJKt0JimOCS1S23grUSzUgcCtYMh7dTvzli2nAlH+04YUFM+pJHnBLrpOAeX2OKO0L1scHdUtmreDPgZeLnpAw5at3SV6enaBozaakgxrR9L7FBRrTlVLBJsZMalhA6JH3WdlSSmJkgmx09wadO6eFIaVfS4pn6eyIjsTHjOHSdMbEDs+hNxf+8dmqjqyDjMkktk3S+KEoFtgpPE8A9rhm1YuwIoZq7WzEdEE2odTkVXQj+4svLpHFe8b2K/3BRrt7kcRTgGE7gDHy4hCrcQQ3qQOEJnuEV3tAIvaB39DFvXUH5zBH8Afr8AXiskJg=</latexit><latexit sha1_base64="FTAkms24Z1e4wn5pCqVtj2KnIqg=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CIUvQheKtgPaJeSTbNtaDZZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXpgIbqznfaOV1bX1jc3CVnF7Z3dvv3Rw2DAq1ZTVqRJKt0JimOCS1S23grUSzUgcCtYMh7dTvzli2nAlH+04YUFM+pJHnBLrpOAeX2OKO0L1scHdUtmreDPgZeLnpAw5at3SV6enaBozaakgxrR9L7FBRrTlVLBJsZMalhA6JH3WdlSSmJkgmx09wadO6eFIaVfS4pn6eyIjsTHjOHSdMbEDs+hNxf+8dmqjqyDjMkktk3S+KEoFtgpPE8A9rhm1YuwIoZq7WzEdEE2odTkVXQj+4svLpHFe8b2K/3BRrt7kcRTgGE7gDHy4hCrcQQ3qQOEJnuEV3tAIvaB39DFvXUH5zBH8Afr8AXiskJg=</latexit><latexit sha1_base64="FTAkms24Z1e4wn5pCqVtj2KnIqg=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CIUvQheKtgPaJeSTbNtaDZZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXpgIbqznfaOV1bX1jc3CVnF7Z3dvv3Rw2DAq1ZTVqRJKt0JimOCS1S23grUSzUgcCtYMh7dTvzli2nAlH+04YUFM+pJHnBLrpOAeX2OKO0L1scHdUtmreDPgZeLnpAw5at3SV6enaBozaakgxrR9L7FBRrTlVLBJsZMalhA6JH3WdlSSmJkgmx09wadO6eFIaVfS4pn6eyIjsTHjOHSdMbEDs+hNxf+8dmqjqyDjMkktk3S+KEoFtgpPE8A9rhm1YuwIoZq7WzEdEE2odTkVXQj+4svLpHFe8b2K/3BRrt7kcRTgGE7gDHy4hCrcQQ3qQOEJnuEV3tAIvaB39DFvXUH5zBH8Afr8AXiskJg=</latexit><latexit sha1_base64="FTAkms24Z1e4wn5pCqVtj2KnIqg=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CIUvQheKtgPaJeSTbNtaDZZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXpgIbqznfaOV1bX1jc3CVnF7Z3dvv3Rw2DAq1ZTVqRJKt0JimOCS1S23grUSzUgcCtYMh7dTvzli2nAlH+04YUFM+pJHnBLrpOAeX2OKO0L1scHdUtmreDPgZeLnpAw5at3SV6enaBozaakgxrR9L7FBRrTlVLBJsZMalhA6JH3WdlSSmJkgmx09wadO6eFIaVfS4pn6eyIjsTHjOHSdMbEDs+hNxf+8dmqjqyDjMkktk3S+KEoFtgpPE8A9rhm1YuwIoZq7WzEdEE2odTkVXQj+4svLpHFe8b2K/3BRrt7kcRTgGE7gDHy4hCrcQQ3qQOEJnuEV3tAIvaB39DFvXUH5zBH8Afr8AXiskJg=</latexit>

V ⇠
X Pn(w)

s�n
<latexit sha1_base64="nwRyzDqahJxn11EQwNC2vSJHeNc="></latexit><latexit sha1_base64="nwRyzDqahJxn11EQwNC2vSJHeNc="></latexit><latexit sha1_base64="nwRyzDqahJxn11EQwNC2vSJHeNc="></latexit><latexit sha1_base64="nwRyzDqahJxn11EQwNC2vSJHeNc="></latexit>

+
<latexit sha1_base64="S6HKxo34dPJaFANtK674JJPUDY8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9Zq1Sr+dxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHcOuMrQ==</latexit><latexit sha1_base64="S6HKxo34dPJaFANtK674JJPUDY8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9Zq1Sr+dxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHcOuMrQ==</latexit><latexit sha1_base64="S6HKxo34dPJaFANtK674JJPUDY8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9Zq1Sr+dxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHcOuMrQ==</latexit><latexit sha1_base64="S6HKxo34dPJaFANtK674JJPUDY8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7euq51a9Zq1Sr+dxFOEMzuESPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHcOuMrQ==</latexit>

Fixed segment

(LCS point)  



PART 3

COMMENTS ON PHENOMENOLOGY & 
OUTLOOK



ROLLING TOWARDS THE BOUNDARY

M
<latexit sha1_base64="WPqxPaHTZS3+OrskUjIX3GH9XNU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZqa9tdwY0boYJ9wHQomTRtQzOZIbkjlKGf4caFIm79Gnf+jZm2gooeCBzOuZece4JYcA2O82Hl1tY3Nrfy24Wd3b39g+LhUUdHiaKsTSMRqV5ANBNcsjZwEKwXK0bCQLBuML3K/O49U5pH8g5mMfNDMpZ8xCkBI3n9kMCEEpHezAfFkmNf1BqX1QY2pF4rV6pL4tRd7NrOAiW0QmtQfO8PI5qETAIVRGvPdWLwU6KAU8HmhX6iWUzolIyZZ6gkIdN+uog8x2dGGeJRpMyTgBfq942UhFrPwsBMZhH1by8T//K8BEZ1P+UyToBJuvxolAgMEc7ux0OuGAUxM4RQxU1WTCdEEQqmpYIp4etS/D/plG3Xsd3bSqnZXNWRRyfoFJ0jF9VQE12jFmojiiL0gJ7QswXWo/VivS5Hc9Zq5xj9gPX2CQvqkcA=</latexit><latexit sha1_base64="WPqxPaHTZS3+OrskUjIX3GH9XNU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZqa9tdwY0boYJ9wHQomTRtQzOZIbkjlKGf4caFIm79Gnf+jZm2gooeCBzOuZece4JYcA2O82Hl1tY3Nrfy24Wd3b39g+LhUUdHiaKsTSMRqV5ANBNcsjZwEKwXK0bCQLBuML3K/O49U5pH8g5mMfNDMpZ8xCkBI3n9kMCEEpHezAfFkmNf1BqX1QY2pF4rV6pL4tRd7NrOAiW0QmtQfO8PI5qETAIVRGvPdWLwU6KAU8HmhX6iWUzolIyZZ6gkIdN+uog8x2dGGeJRpMyTgBfq942UhFrPwsBMZhH1by8T//K8BEZ1P+UyToBJuvxolAgMEc7ux0OuGAUxM4RQxU1WTCdEEQqmpYIp4etS/D/plG3Xsd3bSqnZXNWRRyfoFJ0jF9VQE12jFmojiiL0gJ7QswXWo/VivS5Hc9Zq5xj9gPX2CQvqkcA=</latexit><latexit sha1_base64="WPqxPaHTZS3+OrskUjIX3GH9XNU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZqa9tdwY0boYJ9wHQomTRtQzOZIbkjlKGf4caFIm79Gnf+jZm2gooeCBzOuZece4JYcA2O82Hl1tY3Nrfy24Wd3b39g+LhUUdHiaKsTSMRqV5ANBNcsjZwEKwXK0bCQLBuML3K/O49U5pH8g5mMfNDMpZ8xCkBI3n9kMCEEpHezAfFkmNf1BqX1QY2pF4rV6pL4tRd7NrOAiW0QmtQfO8PI5qETAIVRGvPdWLwU6KAU8HmhX6iWUzolIyZZ6gkIdN+uog8x2dGGeJRpMyTgBfq942UhFrPwsBMZhH1by8T//K8BEZ1P+UyToBJuvxolAgMEc7ux0OuGAUxM4RQxU1WTCdEEQqmpYIp4etS/D/plG3Xsd3bSqnZXNWRRyfoFJ0jF9VQE12jFmojiiL0gJ7QswXWo/VivS5Hc9Zq5xj9gPX2CQvqkcA=</latexit><latexit sha1_base64="WPqxPaHTZS3+OrskUjIX3GH9XNU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZqa9tdwY0boYJ9wHQomTRtQzOZIbkjlKGf4caFIm79Gnf+jZm2gooeCBzOuZece4JYcA2O82Hl1tY3Nrfy24Wd3b39g+LhUUdHiaKsTSMRqV5ANBNcsjZwEKwXK0bCQLBuML3K/O49U5pH8g5mMfNDMpZ8xCkBI3n9kMCEEpHezAfFkmNf1BqX1QY2pF4rV6pL4tRd7NrOAiW0QmtQfO8PI5qETAIVRGvPdWLwU6KAU8HmhX6iWUzolIyZZ6gkIdN+uog8x2dGGeJRpMyTgBfq942UhFrPwsBMZhH1by8T//K8BEZ1P+UyToBJuvxolAgMEc7ux0OuGAUxM4RQxU1WTCdEEQqmpYIp4etS/D/plG3Xsd3bSqnZXNWRRyfoFJ0jF9VQE12jFmojiiL0gJ7QswXWo/VivS5Hc9Zq5xj9gPX2CQvqkcA=</latexit>

Q
<latexit sha1_base64="fO2tblLa4VDCulahcxhtVD8/cLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqtQbVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+qg4zT</latexit><latexit sha1_base64="fO2tblLa4VDCulahcxhtVD8/cLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqtQbVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+qg4zT</latexit><latexit sha1_base64="fO2tblLa4VDCulahcxhtVD8/cLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqtQbVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+qg4zT</latexit><latexit sha1_base64="fO2tblLa4VDCulahcxhtVD8/cLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqtQbVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+qg4zT</latexit>

P
<latexit sha1_base64="jmDXBcBDJeNe8eMjOzHyd4tolDY=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFlw47IF+4B2kEx6p43NJEOSEcrQL3DjQhG3fpI7/8a0nYW2HggczjmX3HuiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2ovHtzO88oTZcyXs7STFM6FDymDNqndRsPFSqfs2fg6ySoCBVKODyX/2BYlmC0jJBjekFfmrDnGrLmcBpuZ8ZTCkb0yH2HJU0QRPm80Wn5NwpAxIr7Z60ZK7+nshpYswkiVwyoXZklr2Z+J/Xy2x8E+ZcpplFyRYfxZkgVpHZ1WTANTIrJo5QprnblbAR1ZRZ103ZlRAsn7xK2pe1wK8FzatqvV7UUYJTOIMLCOAa6nAHDWgBA4RneIU379F78d69j0V0zStmTuAPvM8fqP+M0g==</latexit><latexit sha1_base64="jmDXBcBDJeNe8eMjOzHyd4tolDY=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFlw47IF+4B2kEx6p43NJEOSEcrQL3DjQhG3fpI7/8a0nYW2HggczjmX3HuiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2ovHtzO88oTZcyXs7STFM6FDymDNqndRsPFSqfs2fg6ySoCBVKODyX/2BYlmC0jJBjekFfmrDnGrLmcBpuZ8ZTCkb0yH2HJU0QRPm80Wn5NwpAxIr7Z60ZK7+nshpYswkiVwyoXZklr2Z+J/Xy2x8E+ZcpplFyRYfxZkgVpHZ1WTANTIrJo5QprnblbAR1ZRZ103ZlRAsn7xK2pe1wK8FzatqvV7UUYJTOIMLCOAa6nAHDWgBA4RneIU379F78d69j0V0zStmTuAPvM8fqP+M0g==</latexit><latexit sha1_base64="jmDXBcBDJeNe8eMjOzHyd4tolDY=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFlw47IF+4B2kEx6p43NJEOSEcrQL3DjQhG3fpI7/8a0nYW2HggczjmX3HuiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2ovHtzO88oTZcyXs7STFM6FDymDNqndRsPFSqfs2fg6ySoCBVKODyX/2BYlmC0jJBjekFfmrDnGrLmcBpuZ8ZTCkb0yH2HJU0QRPm80Wn5NwpAxIr7Z60ZK7+nshpYswkiVwyoXZklr2Z+J/Xy2x8E+ZcpplFyRYfxZkgVpHZ1WTANTIrJo5QprnblbAR1ZRZ103ZlRAsn7xK2pe1wK8FzatqvV7UUYJTOIMLCOAa6nAHDWgBA4RneIU379F78d69j0V0zStmTuAPvM8fqP+M0g==</latexit><latexit sha1_base64="jmDXBcBDJeNe8eMjOzHyd4tolDY=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFlw47IF+4B2kEx6p43NJEOSEcrQL3DjQhG3fpI7/8a0nYW2HggczjmX3HuiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2ovHtzO88oTZcyXs7STFM6FDymDNqndRsPFSqfs2fg6ySoCBVKODyX/2BYlmC0jJBjekFfmrDnGrLmcBpuZ8ZTCkb0yH2HJU0QRPm80Wn5NwpAxIr7Z60ZK7+nshpYswkiVwyoXZklr2Z+J/Xy2x8E+ZcpplFyRYfxZkgVpHZ1WTANTIrJo5QprnblbAR1ZRZ103ZlRAsn7xK2pe1wK8FzatqvV7UUYJTOIMLCOAa6nAHDWgBA4RneIU379F78d69j0V0zStmTuAPvM8fqP+M0g==</latexit>

Abundance of small couplings etc

Maybe we live close to the boundary?  



ROLLING TOWARDS THE BOUNDARY

M
<latexit sha1_base64="WPqxPaHTZS3+OrskUjIX3GH9XNU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZqa9tdwY0boYJ9wHQomTRtQzOZIbkjlKGf4caFIm79Gnf+jZm2gooeCBzOuZece4JYcA2O82Hl1tY3Nrfy24Wd3b39g+LhUUdHiaKsTSMRqV5ANBNcsjZwEKwXK0bCQLBuML3K/O49U5pH8g5mMfNDMpZ8xCkBI3n9kMCEEpHezAfFkmNf1BqX1QY2pF4rV6pL4tRd7NrOAiW0QmtQfO8PI5qETAIVRGvPdWLwU6KAU8HmhX6iWUzolIyZZ6gkIdN+uog8x2dGGeJRpMyTgBfq942UhFrPwsBMZhH1by8T//K8BEZ1P+UyToBJuvxolAgMEc7ux0OuGAUxM4RQxU1WTCdEEQqmpYIp4etS/D/plG3Xsd3bSqnZXNWRRyfoFJ0jF9VQE12jFmojiiL0gJ7QswXWo/VivS5Hc9Zq5xj9gPX2CQvqkcA=</latexit><latexit sha1_base64="WPqxPaHTZS3+OrskUjIX3GH9XNU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZqa9tdwY0boYJ9wHQomTRtQzOZIbkjlKGf4caFIm79Gnf+jZm2gooeCBzOuZece4JYcA2O82Hl1tY3Nrfy24Wd3b39g+LhUUdHiaKsTSMRqV5ANBNcsjZwEKwXK0bCQLBuML3K/O49U5pH8g5mMfNDMpZ8xCkBI3n9kMCEEpHezAfFkmNf1BqX1QY2pF4rV6pL4tRd7NrOAiW0QmtQfO8PI5qETAIVRGvPdWLwU6KAU8HmhX6iWUzolIyZZ6gkIdN+uog8x2dGGeJRpMyTgBfq942UhFrPwsBMZhH1by8T//K8BEZ1P+UyToBJuvxolAgMEc7ux0OuGAUxM4RQxU1WTCdEEQqmpYIp4etS/D/plG3Xsd3bSqnZXNWRRyfoFJ0jF9VQE12jFmojiiL0gJ7QswXWo/VivS5Hc9Zq5xj9gPX2CQvqkcA=</latexit><latexit sha1_base64="WPqxPaHTZS3+OrskUjIX3GH9XNU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZqa9tdwY0boYJ9wHQomTRtQzOZIbkjlKGf4caFIm79Gnf+jZm2gooeCBzOuZece4JYcA2O82Hl1tY3Nrfy24Wd3b39g+LhUUdHiaKsTSMRqV5ANBNcsjZwEKwXK0bCQLBuML3K/O49U5pH8g5mMfNDMpZ8xCkBI3n9kMCEEpHezAfFkmNf1BqX1QY2pF4rV6pL4tRd7NrOAiW0QmtQfO8PI5qETAIVRGvPdWLwU6KAU8HmhX6iWUzolIyZZ6gkIdN+uog8x2dGGeJRpMyTgBfq942UhFrPwsBMZhH1by8T//K8BEZ1P+UyToBJuvxolAgMEc7ux0OuGAUxM4RQxU1WTCdEEQqmpYIp4etS/D/plG3Xsd3bSqnZXNWRRyfoFJ0jF9VQE12jFmojiiL0gJ7QswXWo/VivS5Hc9Zq5xj9gPX2CQvqkcA=</latexit><latexit sha1_base64="WPqxPaHTZS3+OrskUjIX3GH9XNU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZqa9tdwY0boYJ9wHQomTRtQzOZIbkjlKGf4caFIm79Gnf+jZm2gooeCBzOuZece4JYcA2O82Hl1tY3Nrfy24Wd3b39g+LhUUdHiaKsTSMRqV5ANBNcsjZwEKwXK0bCQLBuML3K/O49U5pH8g5mMfNDMpZ8xCkBI3n9kMCEEpHezAfFkmNf1BqX1QY2pF4rV6pL4tRd7NrOAiW0QmtQfO8PI5qETAIVRGvPdWLwU6KAU8HmhX6iWUzolIyZZ6gkIdN+uog8x2dGGeJRpMyTgBfq942UhFrPwsBMZhH1by8T//K8BEZ1P+UyToBJuvxolAgMEc7ux0OuGAUxM4RQxU1WTCdEEQqmpYIp4etS/D/plG3Xsd3bSqnZXNWRRyfoFJ0jF9VQE12jFmojiiL0gJ7QswXWo/VivS5Hc9Zq5xj9gPX2CQvqkcA=</latexit>

Q
<latexit sha1_base64="fO2tblLa4VDCulahcxhtVD8/cLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqtQbVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+qg4zT</latexit><latexit sha1_base64="fO2tblLa4VDCulahcxhtVD8/cLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqtQbVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+qg4zT</latexit><latexit sha1_base64="fO2tblLa4VDCulahcxhtVD8/cLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqtQbVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+qg4zT</latexit><latexit sha1_base64="fO2tblLa4VDCulahcxhtVD8/cLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqtQbVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+qg4zT</latexit>

P
<latexit sha1_base64="jmDXBcBDJeNe8eMjOzHyd4tolDY=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFlw47IF+4B2kEx6p43NJEOSEcrQL3DjQhG3fpI7/8a0nYW2HggczjmX3HuiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2ovHtzO88oTZcyXs7STFM6FDymDNqndRsPFSqfs2fg6ySoCBVKODyX/2BYlmC0jJBjekFfmrDnGrLmcBpuZ8ZTCkb0yH2HJU0QRPm80Wn5NwpAxIr7Z60ZK7+nshpYswkiVwyoXZklr2Z+J/Xy2x8E+ZcpplFyRYfxZkgVpHZ1WTANTIrJo5QprnblbAR1ZRZ103ZlRAsn7xK2pe1wK8FzatqvV7UUYJTOIMLCOAa6nAHDWgBA4RneIU379F78d69j0V0zStmTuAPvM8fqP+M0g==</latexit><latexit sha1_base64="jmDXBcBDJeNe8eMjOzHyd4tolDY=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFlw47IF+4B2kEx6p43NJEOSEcrQL3DjQhG3fpI7/8a0nYW2HggczjmX3HuiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2ovHtzO88oTZcyXs7STFM6FDymDNqndRsPFSqfs2fg6ySoCBVKODyX/2BYlmC0jJBjekFfmrDnGrLmcBpuZ8ZTCkb0yH2HJU0QRPm80Wn5NwpAxIr7Z60ZK7+nshpYswkiVwyoXZklr2Z+J/Xy2x8E+ZcpplFyRYfxZkgVpHZ1WTANTIrJo5QprnblbAR1ZRZ103ZlRAsn7xK2pe1wK8FzatqvV7UUYJTOIMLCOAa6nAHDWgBA4RneIU379F78d69j0V0zStmTuAPvM8fqP+M0g==</latexit><latexit sha1_base64="jmDXBcBDJeNe8eMjOzHyd4tolDY=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFlw47IF+4B2kEx6p43NJEOSEcrQL3DjQhG3fpI7/8a0nYW2HggczjmX3HuiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2ovHtzO88oTZcyXs7STFM6FDymDNqndRsPFSqfs2fg6ySoCBVKODyX/2BYlmC0jJBjekFfmrDnGrLmcBpuZ8ZTCkb0yH2HJU0QRPm80Wn5NwpAxIr7Z60ZK7+nshpYswkiVwyoXZklr2Z+J/Xy2x8E+ZcpplFyRYfxZkgVpHZ1WTANTIrJo5QprnblbAR1ZRZ103ZlRAsn7xK2pe1wK8FzatqvV7UUYJTOIMLCOAa6nAHDWgBA4RneIU379F78d69j0V0zStmTuAPvM8fqP+M0g==</latexit><latexit sha1_base64="jmDXBcBDJeNe8eMjOzHyd4tolDY=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFlw47IF+4B2kEx6p43NJEOSEcrQL3DjQhG3fpI7/8a0nYW2HggczjmX3HuiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2ovHtzO88oTZcyXs7STFM6FDymDNqndRsPFSqfs2fg6ySoCBVKODyX/2BYlmC0jJBjekFfmrDnGrLmcBpuZ8ZTCkb0yH2HJU0QRPm80Wn5NwpAxIr7Z60ZK7+nshpYswkiVwyoXZklr2Z+J/Xy2x8E+ZcpplFyRYfxZkgVpHZ1WTANTIrJo5QprnblbAR1ZRZ103ZlRAsn7xK2pe1wK8FzatqvV7UUYJTOIMLCOAa6nAHDWgBA4RneIU379F78d69j0V0zStmTuAPvM8fqP+M0g==</latexit>

What are “typical” cosmologies? 

Abundance of small couplings etc

Maybe we live close to the boundary?  

{
<latexit sha1_base64="pESwuD0ogse9HP5X1WR5LU25qrw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnFxEByhL3NXLJkb/fY3RPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7ETUouMSW5VZgJ9VIk0jgYzS+mfmPT6gNV/LBTlIMEzqUPOaMWifd9/J+tebX/TnIKgkKUoMCzX71qzdQLEtQWiaoMd3AT22YU205Ezit9DKDKWVjOsSuo5ImaMJ8fumUnDllQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZm9TQZcI7Ni4ghlmrtbCRtRTZl14VRcCMHyy6ukfVEP/Hpwd1lrNIo4ynACp3AOAVxBA26hCS1gEMMzvMKbN/ZevHfvY9Fa8oqZY/gD7/MHmuqNYw==</latexit><latexit sha1_base64="pESwuD0ogse9HP5X1WR5LU25qrw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnFxEByhL3NXLJkb/fY3RPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7ETUouMSW5VZgJ9VIk0jgYzS+mfmPT6gNV/LBTlIMEzqUPOaMWifd9/J+tebX/TnIKgkKUoMCzX71qzdQLEtQWiaoMd3AT22YU205Ezit9DKDKWVjOsSuo5ImaMJ8fumUnDllQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZm9TQZcI7Ni4ghlmrtbCRtRTZl14VRcCMHyy6ukfVEP/Hpwd1lrNIo4ynACp3AOAVxBA26hCS1gEMMzvMKbN/ZevHfvY9Fa8oqZY/gD7/MHmuqNYw==</latexit><latexit sha1_base64="pESwuD0ogse9HP5X1WR5LU25qrw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnFxEByhL3NXLJkb/fY3RPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7ETUouMSW5VZgJ9VIk0jgYzS+mfmPT6gNV/LBTlIMEzqUPOaMWifd9/J+tebX/TnIKgkKUoMCzX71qzdQLEtQWiaoMd3AT22YU205Ezit9DKDKWVjOsSuo5ImaMJ8fumUnDllQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZm9TQZcI7Ni4ghlmrtbCRtRTZl14VRcCMHyy6ukfVEP/Hpwd1lrNIo4ynACp3AOAVxBA26hCS1gEMMzvMKbN/ZevHfvY9Fa8oqZY/gD7/MHmuqNYw==</latexit><latexit sha1_base64="pESwuD0ogse9HP5X1WR5LU25qrw=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnFxEByhL3NXLJkb/fY3RPCkX9gY6GIrf/Izn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7ETUouMSW5VZgJ9VIk0jgYzS+mfmPT6gNV/LBTlIMEzqUPOaMWifd9/J+tebX/TnIKgkKUoMCzX71qzdQLEtQWiaoMd3AT22YU205Ezit9DKDKWVjOsSuo5ImaMJ8fumUnDllQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZm9TQZcI7Ni4ghlmrtbCRtRTZl14VRcCMHyy6ukfVEP/Hpwd1lrNIo4ynACp3AOAVxBA26hCS1gEMMzvMKbN/ZevHfvY9Fa8oqZY/gD7/MHmuqNYw==</latexit>

Kination Can even be (meta)stable?

Trackers/scaling solutions

Exotic “oscillating” solutions

See Fien Apers’s talk

No acc. expansion

[Apers,Conlon,Copeland,Mosny,FR ’22-’24]



COMMENTS ON PHENO

Many caveats for realistic scenarios: 

Kahler + spectator moduli, moduli stabilisation…

V = eKKIJ̄DIWDJ̄W̄
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COMMENTS ON PHENO

Many caveats for realistic scenarios: 

Kahler + spectator moduli, moduli stabilisation…

General lessons?

Often set to zero, but can have qualitative effects on the dynamics

SDC for traversed distance Hard to realise axion monodromy inflation close to boundary

Don’t forget the axions!

Dynamical system techniques can be powerful !

V = eKKIJ̄DIWDJ̄W̄
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OUTLOOK

Cosmology of 1-modulus asymptotic limits

Dynamical version of SDC? Classification

d(P,Q) ! �(P,Q)
<latexit sha1_base64="xIiKDeEvhNzWoAsHBa6fqQl6vrM=">AAACD3icbVA9SwNBEN3z2/h1ammzGBQFCXciaBnQwjKCSYRcCHubuWRxb/fYnVNCyD+w8a/YWChia2vnv3HzUWj0wcDjvRlm5sWZFBaD4MubmZ2bX1hcWi6srK6tb/ibWzWrc8OhyrXU5iZmFqRQUEWBEm4yAyyNJdTj2/OhX78DY4VW19jLoJmyjhKJ4Ayd1PL32weVo6tDGkmtOhISNKLTRWaMvqfRBUhkI7/lF4NSMAL9S8IJKZIJKi3/M2prnqegkEtmbSMMMmz2mUHBJQwKUW4hY/yWdaDhqGIp2GZ/9M+A7jmlTRNtXCmkI/XnRJ+l1vbS2HWmDLt22huK/3mNHJOzZl+oLEdQfLwoySVFTYfh0LYwwFH2HGHcCHcr5V1mGEcXYcGFEE6//JfUjkthUAqvTorl8iSOJbJDdskBCckpKZNLUiFVwskDeSIv5NV79J69N+993DrjTWa2yS94H9/m5JtL</latexit><latexit sha1_base64="xIiKDeEvhNzWoAsHBa6fqQl6vrM=">AAACD3icbVA9SwNBEN3z2/h1ammzGBQFCXciaBnQwjKCSYRcCHubuWRxb/fYnVNCyD+w8a/YWChia2vnv3HzUWj0wcDjvRlm5sWZFBaD4MubmZ2bX1hcWi6srK6tb/ibWzWrc8OhyrXU5iZmFqRQUEWBEm4yAyyNJdTj2/OhX78DY4VW19jLoJmyjhKJ4Ayd1PL32weVo6tDGkmtOhISNKLTRWaMvqfRBUhkI7/lF4NSMAL9S8IJKZIJKi3/M2prnqegkEtmbSMMMmz2mUHBJQwKUW4hY/yWdaDhqGIp2GZ/9M+A7jmlTRNtXCmkI/XnRJ+l1vbS2HWmDLt22huK/3mNHJOzZl+oLEdQfLwoySVFTYfh0LYwwFH2HGHcCHcr5V1mGEcXYcGFEE6//JfUjkthUAqvTorl8iSOJbJDdskBCckpKZNLUiFVwskDeSIv5NV79J69N+993DrjTWa2yS94H9/m5JtL</latexit><latexit sha1_base64="xIiKDeEvhNzWoAsHBa6fqQl6vrM=">AAACD3icbVA9SwNBEN3z2/h1ammzGBQFCXciaBnQwjKCSYRcCHubuWRxb/fYnVNCyD+w8a/YWChia2vnv3HzUWj0wcDjvRlm5sWZFBaD4MubmZ2bX1hcWi6srK6tb/ibWzWrc8OhyrXU5iZmFqRQUEWBEm4yAyyNJdTj2/OhX78DY4VW19jLoJmyjhKJ4Ayd1PL32weVo6tDGkmtOhISNKLTRWaMvqfRBUhkI7/lF4NSMAL9S8IJKZIJKi3/M2prnqegkEtmbSMMMmz2mUHBJQwKUW4hY/yWdaDhqGIp2GZ/9M+A7jmlTRNtXCmkI/XnRJ+l1vbS2HWmDLt22huK/3mNHJOzZl+oLEdQfLwoySVFTYfh0LYwwFH2HGHcCHcr5V1mGEcXYcGFEE6//JfUjkthUAqvTorl8iSOJbJDdskBCckpKZNLUiFVwskDeSIv5NV79J69N+993DrjTWa2yS94H9/m5JtL</latexit><latexit sha1_base64="xIiKDeEvhNzWoAsHBa6fqQl6vrM=">AAACD3icbVA9SwNBEN3z2/h1ammzGBQFCXciaBnQwjKCSYRcCHubuWRxb/fYnVNCyD+w8a/YWChia2vnv3HzUWj0wcDjvRlm5sWZFBaD4MubmZ2bX1hcWi6srK6tb/ibWzWrc8OhyrXU5iZmFqRQUEWBEm4yAyyNJdTj2/OhX78DY4VW19jLoJmyjhKJ4Ayd1PL32weVo6tDGkmtOhISNKLTRWaMvqfRBUhkI7/lF4NSMAL9S8IJKZIJKi3/M2prnqegkEtmbSMMMmz2mUHBJQwKUW4hY/yWdaDhqGIp2GZ/9M+A7jmlTRNtXCmkI/XnRJ+l1vbS2HWmDLt22huK/3mNHJOzZl+oLEdQfLwoySVFTYfh0LYwwFH2HGHcCHcr5V1mGEcXYcGFEE6//JfUjkthUAqvTorl8iSOJbJDdskBCckpKZNLUiFVwskDeSIv5NV79J69N+993DrjTWa2yS94H9/m5JtL</latexit>

Acc. expansion?

Analytical results from dynamical system approach

Long term: “Dynamical” Swampland

Kination?

More examples: finite distance singularities? Singular examples/Non-perturbative corrections?
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