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INTRODUCTION

What are typical dynamics induced by moduli potentials?

See recent review [Cicoli,Conlon,Maharana,Quevedo,Parameswaran,Zavala ’23]

Steep potentials 

Setting: String cosmology

Desiderata:  
inflation, QCD axion,     
quintessence, CC

Embed in  
String Theory

This Talk

Are there any observable consequences?

Kination,trackers



Early, exotic epochs:
Common in ST 

Require ST

(
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Steep potentials 

Einflation . 1016 GeV �� & MP
<latexit sha1_base64="kYeWDhVlLuas30EaQwtYmMwZAbY="></latexit><latexit sha1_base64="kYeWDhVlLuas30EaQwtYmMwZAbY="></latexit><latexit sha1_base64="kYeWDhVlLuas30EaQwtYmMwZAbY="></latexit><latexit sha1_base64="kYeWDhVlLuas30EaQwtYmMwZAbY="></latexit>

Image from ESA

Huge opportunity for ST !Unconstrained by current observations

THE FIRST HALF OF THE UNIVERSE (ON A LOG SCALE)



KINATION
Scalar rolling down a steep potential:

X
X

‘kination’

a(t) ⇠ t1/3
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Stiff fluid

 [Joyce ’97] 

inherently stringy 10 d “uplift”: Kasner metric [Apers,Conlon,Mosny,FR’22]
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<latexit sha1_base64="vXg+v6Yq4d+03ECIxckiz3EC+6c=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EixCvdRdFfRY8OKxgv2Adi3ZNG1Dk+ySzCpl7U/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwlhwA5737eRWVtfWN/Kbha3tnd09t7jfMFGiKavTSES6FRLDBFesDhwEa8WaERkK1gxH11O/+cC04ZG6g3HMAkkGivc5JWClrlskZTjBHcMlhvvUPz2fdN2SV/FmwMvEz0gJZah13a9OL6KJZAqoIMa0fS+GICUaOBVsUugkhsWEjsiAtS1VRDITpLPTJ/jYKj3cj7QtBXim/p5IiTRmLEPbKQkMzaI3Ff/z2gn0r4KUqzgBpuh8UT8RGCI8zQH3uGYUxNgSQjW3t2I6JJpQsGkVbAj+4svLpHFW8b2Kf3tRqlazOPLoEB2hMvLRJaqiG1RDdUTRI3pGr+jNeXJenHfnY96ac7KZA/QHzucPU4WSuw==</latexit><latexit sha1_base64="vXg+v6Yq4d+03ECIxckiz3EC+6c=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EixCvdRdFfRY8OKxgv2Adi3ZNG1Dk+ySzCpl7U/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwlhwA5737eRWVtfWN/Kbha3tnd09t7jfMFGiKavTSES6FRLDBFesDhwEa8WaERkK1gxH11O/+cC04ZG6g3HMAkkGivc5JWClrlskZTjBHcMlhvvUPz2fdN2SV/FmwMvEz0gJZah13a9OL6KJZAqoIMa0fS+GICUaOBVsUugkhsWEjsiAtS1VRDITpLPTJ/jYKj3cj7QtBXim/p5IiTRmLEPbKQkMzaI3Ff/z2gn0r4KUqzgBpuh8UT8RGCI8zQH3uGYUxNgSQjW3t2I6JJpQsGkVbAj+4svLpHFW8b2Kf3tRqlazOPLoEB2hMvLRJaqiG1RDdUTRI3pGr+jNeXJenHfnY96ac7KZA/QHzucPU4WSuw==</latexit><latexit sha1_base64="vXg+v6Yq4d+03ECIxckiz3EC+6c=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EixCvdRdFfRY8OKxgv2Adi3ZNG1Dk+ySzCpl7U/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwlhwA5737eRWVtfWN/Kbha3tnd09t7jfMFGiKavTSES6FRLDBFesDhwEa8WaERkK1gxH11O/+cC04ZG6g3HMAkkGivc5JWClrlskZTjBHcMlhvvUPz2fdN2SV/FmwMvEz0gJZah13a9OL6KJZAqoIMa0fS+GICUaOBVsUugkhsWEjsiAtS1VRDITpLPTJ/jYKj3cj7QtBXim/p5IiTRmLEPbKQkMzaI3Ff/z2gn0r4KUqzgBpuh8UT8RGCI8zQH3uGYUxNgSQjW3t2I6JJpQsGkVbAj+4svLpHFW8b2Kf3tRqlazOPLoEB2hMvLRJaqiG1RDdUTRI3pGr+jNeXJenHfnY96ac7KZA/QHzucPU4WSuw==</latexit><latexit sha1_base64="vXg+v6Yq4d+03ECIxckiz3EC+6c=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EixCvdRdFfRY8OKxgv2Adi3ZNG1Dk+ySzCpl7U/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwlhwA5737eRWVtfWN/Kbha3tnd09t7jfMFGiKavTSES6FRLDBFesDhwEa8WaERkK1gxH11O/+cC04ZG6g3HMAkkGivc5JWClrlskZTjBHcMlhvvUPz2fdN2SV/FmwMvEz0gJZah13a9OL6KJZAqoIMa0fS+GICUaOBVsUugkhsWEjsiAtS1VRDITpLPTJ/jYKj3cj7QtBXim/p5IiTRmLEPbKQkMzaI3Ff/z2gn0r4KUqzgBpuh8UT8RGCI8zQH3uGYUxNgSQjW3t2I6JJpQsGkVbAj+4svLpHFW8b2Kf3tRqlazOPLoEB2hMvLRJaqiG1RDdUTRI3pGr+jNeXJenHfnY96ac7KZA/QHzucPU4WSuw==</latexit>



KINATION IN OUR UNIVERSE

Specific example: LVS (GKP)

[Conlon,Quevedo,Suruliz ’05] 
[Balasubramanian,Berglund,Conlon,Quevedo ’05] 

high, as ms ⇠
MPp
V

<latexit sha1_base64="nxxCMVIkJXlns3ecQ3w/N9xa1lg=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0VSYi1u4KbtwIFWwtNCFMppN26EwSZyZCCfkEN/6KGxeKuHXpzr9x0hbxeeDC4Zx7ufeeIOFMaYTerdLc/MLiUnm5srK6tr5hb251VJxKQtsk5rHsBlhRziLa1kxz2k0kxSLg9CoYnRb+1Q2VisXRpR4n1BN4ELGQEayN5Nv7wlfQVUxAN5SYZOd+K89cdS115gqshwTzrJPnuW9XUa3RQMd1BJ0amuA3qYIZWr795vZjkgoaacKxUj0HJdrLsNSMcJpX3FTRBJMRHtCeoREWVHnZ5KEc7hmlD8NYmoo0nKhfJzIslBqLwHQWR6qfXiH+5fVSHZ54GYuSVNOITBeFKYc6hkU6sM8kJZqPDcFEMnMrJENsgtEmw4oJ4f/fP0nnsOagmnNxVG02Z3GUwQ7YBQfAAXXQBGegBdqAgFtwDx7Bk3VnPVjP1su0tWTNZrbBN1ivHzbonfo=</latexit><latexit sha1_base64="nxxCMVIkJXlns3ecQ3w/N9xa1lg=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0VSYi1u4KbtwIFWwtNCFMppN26EwSZyZCCfkEN/6KGxeKuHXpzr9x0hbxeeDC4Zx7ufeeIOFMaYTerdLc/MLiUnm5srK6tr5hb251VJxKQtsk5rHsBlhRziLa1kxz2k0kxSLg9CoYnRb+1Q2VisXRpR4n1BN4ELGQEayN5Nv7wlfQVUxAN5SYZOd+K89cdS115gqshwTzrJPnuW9XUa3RQMd1BJ0amuA3qYIZWr795vZjkgoaacKxUj0HJdrLsNSMcJpX3FTRBJMRHtCeoREWVHnZ5KEc7hmlD8NYmoo0nKhfJzIslBqLwHQWR6qfXiH+5fVSHZ54GYuSVNOITBeFKYc6hkU6sM8kJZqPDcFEMnMrJENsgtEmw4oJ4f/fP0nnsOagmnNxVG02Z3GUwQ7YBQfAAXXQBGegBdqAgFtwDx7Bk3VnPVjP1su0tWTNZrbBN1ivHzbonfo=</latexit><latexit sha1_base64="nxxCMVIkJXlns3ecQ3w/N9xa1lg=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0VSYi1u4KbtwIFWwtNCFMppN26EwSZyZCCfkEN/6KGxeKuHXpzr9x0hbxeeDC4Zx7ufeeIOFMaYTerdLc/MLiUnm5srK6tr5hb251VJxKQtsk5rHsBlhRziLa1kxz2k0kxSLg9CoYnRb+1Q2VisXRpR4n1BN4ELGQEayN5Nv7wlfQVUxAN5SYZOd+K89cdS115gqshwTzrJPnuW9XUa3RQMd1BJ0amuA3qYIZWr795vZjkgoaacKxUj0HJdrLsNSMcJpX3FTRBJMRHtCeoREWVHnZ5KEc7hmlD8NYmoo0nKhfJzIslBqLwHQWR6qfXiH+5fVSHZ54GYuSVNOITBeFKYc6hkU6sM8kJZqPDcFEMnMrJENsgtEmw4oJ4f/fP0nnsOagmnNxVG02Z3GUwQ7YBQfAAXXQBGegBdqAgFtwDx7Bk3VnPVjP1su0tWTNZrbBN1ivHzbonfo=</latexit><latexit sha1_base64="nxxCMVIkJXlns3ecQ3w/N9xa1lg=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0VSYi1u4KbtwIFWwtNCFMppN26EwSZyZCCfkEN/6KGxeKuHXpzr9x0hbxeeDC4Zx7ufeeIOFMaYTerdLc/MLiUnm5srK6tr5hb251VJxKQtsk5rHsBlhRziLa1kxz2k0kxSLg9CoYnRb+1Q2VisXRpR4n1BN4ELGQEayN5Nv7wlfQVUxAN5SYZOd+K89cdS115gqshwTzrJPnuW9XUa3RQMd1BJ0amuA3qYIZWr795vZjkgoaacKxUj0HJdrLsNSMcJpX3FTRBJMRHtCeoREWVHnZ5KEc7hmlD8NYmoo0nKhfJzIslBqLwHQWR6qfXiH+5fVSHZ54GYuSVNOITBeFKYc6hkU6sM8kJZqPDcFEMnMrJENsgtEmw4oJ4f/fP0nnsOagmnNxVG02Z3GUwQ7YBQfAAXXQBGegBdqAgFtwDx7Bk3VnPVjP1su0tWTNZrbBN1ivHzbonfo=</latexit>

    [Grimm,Li,Valenzuela ’19]  
    + many more

�
<latexit sha1_base64="lNFW62032YA28JlbKmiV8cHICcQ=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0ik2PZW9OKxgv2ANpTNdtMs3U3C7kYooX/BiwdFvPqHvPlv3LQRVPTBwOO9GWbm+QlnSjvOh1VaW9/Y3CpvV3Z29/YPqodHPRWnktAuiXksBz5WlLOIdjXTnA4SSbHwOe37s+vc799TqVgc3el5Qj2BpxELGME6l0adkI2rNcduNev1yxYyxKBRL0jLRa7tLFGDAp1x9X00iUkqaKQJx0oNXSfRXoalZoTTRWWUKppgMsNTOjQ0woIqL1veukBnRpmgIJamIo2W6veJDAul5sI3nQLrUP32cvEvb5jqoOllLEpSTSOyWhSkHOkY5Y+jCZOUaD43BBPJzK2IhFhiok08FRPC16fof9K7sF3Hdm/rtfZVEUcZTuAUzsGFBrThBjrQBQIhPMATPFvCerRerNdVa8kqZo7hB6y3T6M1jqQ=</latexit><latexit sha1_base64="lNFW62032YA28JlbKmiV8cHICcQ=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0ik2PZW9OKxgv2ANpTNdtMs3U3C7kYooX/BiwdFvPqHvPlv3LQRVPTBwOO9GWbm+QlnSjvOh1VaW9/Y3CpvV3Z29/YPqodHPRWnktAuiXksBz5WlLOIdjXTnA4SSbHwOe37s+vc799TqVgc3el5Qj2BpxELGME6l0adkI2rNcduNev1yxYyxKBRL0jLRa7tLFGDAp1x9X00iUkqaKQJx0oNXSfRXoalZoTTRWWUKppgMsNTOjQ0woIqL1veukBnRpmgIJamIo2W6veJDAul5sI3nQLrUP32cvEvb5jqoOllLEpSTSOyWhSkHOkY5Y+jCZOUaD43BBPJzK2IhFhiok08FRPC16fof9K7sF3Hdm/rtfZVEUcZTuAUzsGFBrThBjrQBQIhPMATPFvCerRerNdVa8kqZo7hB6y3T6M1jqQ=</latexit><latexit sha1_base64="lNFW62032YA28JlbKmiV8cHICcQ=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0ik2PZW9OKxgv2ANpTNdtMs3U3C7kYooX/BiwdFvPqHvPlv3LQRVPTBwOO9GWbm+QlnSjvOh1VaW9/Y3CpvV3Z29/YPqodHPRWnktAuiXksBz5WlLOIdjXTnA4SSbHwOe37s+vc799TqVgc3el5Qj2BpxELGME6l0adkI2rNcduNev1yxYyxKBRL0jLRa7tLFGDAp1x9X00iUkqaKQJx0oNXSfRXoalZoTTRWWUKppgMsNTOjQ0woIqL1veukBnRpmgIJamIo2W6veJDAul5sI3nQLrUP32cvEvb5jqoOllLEpSTSOyWhSkHOkY5Y+jCZOUaD43BBPJzK2IhFhiok08FRPC16fof9K7sF3Hdm/rtfZVEUcZTuAUzsGFBrThBjrQBQIhPMATPFvCerRerNdVa8kqZo7hB6y3T6M1jqQ=</latexit><latexit sha1_base64="lNFW62032YA28JlbKmiV8cHICcQ=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0ik2PZW9OKxgv2ANpTNdtMs3U3C7kYooX/BiwdFvPqHvPlv3LQRVPTBwOO9GWbm+QlnSjvOh1VaW9/Y3CpvV3Z29/YPqodHPRWnktAuiXksBz5WlLOIdjXTnA4SSbHwOe37s+vc799TqVgc3el5Qj2BpxELGME6l0adkI2rNcduNev1yxYyxKBRL0jLRa7tLFGDAp1x9X00iUkqaKQJx0oNXSfRXoalZoTTRWWUKppgMsNTOjQ0woIqL1veukBnRpmgIJamIo2W6veJDAul5sI3nQLrUP32cvEvb5jqoOllLEpSTSOyWhSkHOkY5Y+jCZOUaD43BBPJzK2IhFhiok08FRPC16fof9K7sF3Hdm/rtfZVEUcZTuAUzsGFBrThBjrQBQIhPMATPFvCerRerNdVa8kqZo7hB6y3T6M1jqQ=</latexit>

�V
<latexit sha1_base64="lD9K6pMeFy9Rm8yBjv8R9YSRY8o=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmVQJJbQA8eI5gHJEuYnfQmQ2YfzswKYclPePGgiFd/x5t/4yRZQUULGoqqbrq7/ERwpR3nwyqsrW9sbhW3Szu7e/sH5cOjjopTybDNYhHLnk8VCh5hW3MtsJdIpKEvsOtPLxd+9x6l4nF0q2cJeiEdRzzgjGoj9QZXKDQlnWG54tiNulOt14ghBrVqThoucW1niQrkaA3L74NRzNIQI80EVarvOon2Mio1ZwLnpUGqMKFsSsfYNzSiISovW947J2dGGZEglqYiTZbq94mMhkrNQt90hlRP1G9vIf7l9VMd1L2MR0mqMWKrRUEqiI7J4nky4hKZFjNDKJPc3ErYhErKtImoZEL4+pT8TzoXtuvY7k210mzmcRThBE7hHFyoQROuoQVtYCDgAZ7g2bqzHq0X63XVWrDymWP4AevtExvxkAU=</latexit><latexit sha1_base64="lD9K6pMeFy9Rm8yBjv8R9YSRY8o=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmVQJJbQA8eI5gHJEuYnfQmQ2YfzswKYclPePGgiFd/x5t/4yRZQUULGoqqbrq7/ERwpR3nwyqsrW9sbhW3Szu7e/sH5cOjjopTybDNYhHLnk8VCh5hW3MtsJdIpKEvsOtPLxd+9x6l4nF0q2cJeiEdRzzgjGoj9QZXKDQlnWG54tiNulOt14ghBrVqThoucW1niQrkaA3L74NRzNIQI80EVarvOon2Mio1ZwLnpUGqMKFsSsfYNzSiISovW947J2dGGZEglqYiTZbq94mMhkrNQt90hlRP1G9vIf7l9VMd1L2MR0mqMWKrRUEqiI7J4nky4hKZFjNDKJPc3ErYhErKtImoZEL4+pT8TzoXtuvY7k210mzmcRThBE7hHFyoQROuoQVtYCDgAZ7g2bqzHq0X63XVWrDymWP4AevtExvxkAU=</latexit><latexit sha1_base64="lD9K6pMeFy9Rm8yBjv8R9YSRY8o=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmVQJJbQA8eI5gHJEuYnfQmQ2YfzswKYclPePGgiFd/x5t/4yRZQUULGoqqbrq7/ERwpR3nwyqsrW9sbhW3Szu7e/sH5cOjjopTybDNYhHLnk8VCh5hW3MtsJdIpKEvsOtPLxd+9x6l4nF0q2cJeiEdRzzgjGoj9QZXKDQlnWG54tiNulOt14ghBrVqThoucW1niQrkaA3L74NRzNIQI80EVarvOon2Mio1ZwLnpUGqMKFsSsfYNzSiISovW947J2dGGZEglqYiTZbq94mMhkrNQt90hlRP1G9vIf7l9VMd1L2MR0mqMWKrRUEqiI7J4nky4hKZFjNDKJPc3ErYhErKtImoZEL4+pT8TzoXtuvY7k210mzmcRThBE7hHFyoQROuoQVtYCDgAZ7g2bqzHq0X63XVWrDymWP4AevtExvxkAU=</latexit><latexit sha1_base64="lD9K6pMeFy9Rm8yBjv8R9YSRY8o=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmVQJJbQA8eI5gHJEuYnfQmQ2YfzswKYclPePGgiFd/x5t/4yRZQUULGoqqbrq7/ERwpR3nwyqsrW9sbhW3Szu7e/sH5cOjjopTybDNYhHLnk8VCh5hW3MtsJdIpKEvsOtPLxd+9x6l4nF0q2cJeiEdRzzgjGoj9QZXKDQlnWG54tiNulOt14ghBrVqThoucW1niQrkaA3L74NRzNIQI80EVarvOon2Mio1ZwLnpUGqMKFsSsfYNzSiISovW947J2dGGZEglqYiTZbq94mMhkrNQt90hlRP1G9vIf7l9VMd1L2MR0mqMWKrRUEqiI7J4nky4hKZFjNDKJPc3ErYhErKtImoZEL4+pT8TzoXtuvY7k210mzmcRThBE7hHFyoQROuoQVtYCDgAZ7g2bqzHq0X63XVWrDymWP4AevtExvxkAU=</latexit>

?

Steep asymptotic potentials

V0
<latexit sha1_base64="meLyX02p0+ZqWhNEWixMfC+OF+Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnRxEByhL3NXrJkb+/YnRPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+3af9qs1WqdzkFXiF6QGBZr96ldvkPAsFhq5YtZ2fZpikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQe51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAj+8surpH1R92ndv7usNRpFHGU4gVM4Bx+uoAG30IQWcBjCM7zCm6e8F+/d+1i0lrxi5hj+wPv8AdW3jXs=</latexit><latexit sha1_base64="meLyX02p0+ZqWhNEWixMfC+OF+Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnRxEByhL3NXrJkb+/YnRPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+3af9qs1WqdzkFXiF6QGBZr96ldvkPAsFhq5YtZ2fZpikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQe51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAj+8surpH1R92ndv7usNRpFHGU4gVM4Bx+uoAG30IQWcBjCM7zCm6e8F+/d+1i0lrxi5hj+wPv8AdW3jXs=</latexit><latexit sha1_base64="meLyX02p0+ZqWhNEWixMfC+OF+Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnRxEByhL3NXrJkb+/YnRPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+3af9qs1WqdzkFXiF6QGBZr96ldvkPAsFhq5YtZ2fZpikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQe51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAj+8surpH1R92ndv7usNRpFHGU4gVM4Bx+uoAG30IQWcBjCM7zCm6e8F+/d+1i0lrxi5hj+wPv8AdW3jXs=</latexit><latexit sha1_base64="meLyX02p0+ZqWhNEWixMfC+OF+Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnRxEByhL3NXrJkb+/YnRPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+3af9qs1WqdzkFXiF6QGBZr96ldvkPAsFhq5YtZ2fZpikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQe51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAj+8surpH1R92ndv7usNRpFHGU4gVM4Bx+uoAG30IQWcBjCM7zCm6e8F+/d+1i0lrxi5hj+wPv8AdW3jXs=</latexit>

�V
<latexit sha1_base64="yIw+F8CoxAQYIrfhsKVeHkeGZV4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA76U2GzD6c6RVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaytb2xuFbdLO7t7+wflw6OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96Qm1kEj/QOEU/4oNYhlJwslK7e4uKOGv2yhW36s7BVomXkwrkqPfKX91+IrIIYxKKG9Px3JT8CdckhcJpqZsZTLkY8QF2LI15hMafzO+dsjOr9FmYaFsxsbn6e2LCI2PGUWA7I05Ds+zNxP+8TkbhtT+RcZoRxmKxKMwUo4TNnmd9qVGQGlvChZb2ViaGXHNBNqKSDcFbfnmVNC+qnlv17i8rtVoeRxFO4BTOwYMrqMEd1KEBAhQ8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AGFjj4Q=</latexit><latexit sha1_base64="yIw+F8CoxAQYIrfhsKVeHkeGZV4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA76U2GzD6c6RVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaytb2xuFbdLO7t7+wflw6OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96Qm1kEj/QOEU/4oNYhlJwslK7e4uKOGv2yhW36s7BVomXkwrkqPfKX91+IrIIYxKKG9Px3JT8CdckhcJpqZsZTLkY8QF2LI15hMafzO+dsjOr9FmYaFsxsbn6e2LCI2PGUWA7I05Ds+zNxP+8TkbhtT+RcZoRxmKxKMwUo4TNnmd9qVGQGlvChZb2ViaGXHNBNqKSDcFbfnmVNC+qnlv17i8rtVoeRxFO4BTOwYMrqMEd1KEBAhQ8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AGFjj4Q=</latexit><latexit sha1_base64="yIw+F8CoxAQYIrfhsKVeHkeGZV4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA76U2GzD6c6RVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaytb2xuFbdLO7t7+wflw6OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96Qm1kEj/QOEU/4oNYhlJwslK7e4uKOGv2yhW36s7BVomXkwrkqPfKX91+IrIIYxKKG9Px3JT8CdckhcJpqZsZTLkY8QF2LI15hMafzO+dsjOr9FmYaFsxsbn6e2LCI2PGUWA7I05Ds+zNxP+8TkbhtT+RcZoRxmKxKMwUo4TNnmd9qVGQGlvChZb2ViaGXHNBNqKSDcFbfnmVNC+qnlv17i8rtVoeRxFO4BTOwYMrqMEd1KEBAhQ8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AGFjj4Q=</latexit><latexit sha1_base64="yIw+F8CoxAQYIrfhsKVeHkeGZV4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA76U2GzD6c6RVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaytb2xuFbdLO7t7+wflw6OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96Qm1kEj/QOEU/4oNYhlJwslK7e4uKOGv2yhW36s7BVomXkwrkqPfKX91+IrIIYxKKG9Px3JT8CdckhcJpqZsZTLkY8QF2LI15hMafzO+dsjOr9FmYaFsxsbn6e2LCI2PGUWA7I05Ds+zNxP+8TkbhtT+RcZoRxmKxKMwUo4TNnmd9qVGQGlvChZb2ViaGXHNBNqKSDcFbfnmVNC+qnlv17i8rtVoeRxFO4BTOwYMrqMEd1KEBAhQ8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AGFjj4Q=</latexit>

�� � 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>

V0
<latexit sha1_base64="meLyX02p0+ZqWhNEWixMfC+OF+Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnRxEByhL3NXrJkb+/YnRPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+3af9qs1WqdzkFXiF6QGBZr96ldvkPAsFhq5YtZ2fZpikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQe51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAj+8surpH1R92ndv7usNRpFHGU4gVM4Bx+uoAG30IQWcBjCM7zCm6e8F+/d+1i0lrxi5hj+wPv8AdW3jXs=</latexit><latexit sha1_base64="meLyX02p0+ZqWhNEWixMfC+OF+Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnRxEByhL3NXrJkb+/YnRPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+3af9qs1WqdzkFXiF6QGBZr96ldvkPAsFhq5YtZ2fZpikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQe51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAj+8surpH1R92ndv7usNRpFHGU4gVM4Bx+uoAG30IQWcBjCM7zCm6e8F+/d+1i0lrxi5hj+wPv8AdW3jXs=</latexit><latexit sha1_base64="meLyX02p0+ZqWhNEWixMfC+OF+Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnRxEByhL3NXrJkb+/YnRPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+3af9qs1WqdzkFXiF6QGBZr96ldvkPAsFhq5YtZ2fZpikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQe51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAj+8surpH1R92ndv7usNRpFHGU4gVM4Bx+uoAG30IQWcBjCM7zCm6e8F+/d+1i0lrxi5hj+wPv8AdW3jXs=</latexit><latexit sha1_base64="meLyX02p0+ZqWhNEWixMfC+OF+Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZE0DJgYxnRxEByhL3NXrJkb+/YnRPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZemCppkdJvr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+3af9qs1WqdzkFXiF6QGBZr96ldvkPAsFhq5YtZ2fZpikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQe51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAj+8surpH1R92ndv7usNRpFHGU4gVM4Bx+uoAG30IQWcBjCM7zCm6e8F+/d+1i0lrxi5hj+wPv8AdW3jXs=</latexit>

V (�i) ⇠ e��i�i
<latexit sha1_base64="NQSbPPExjdKwy5HPCfgc5tSo5M0=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1YUlE0GXBjcsK9gFNDJPJTTt0JgkzE6GE/oAbf8WNC0Xcunfn3zh9LLT1wMDhnHu4c0+Ycaa043xbS8srq2vrpY3y5tb2zq69t99SaS4pNGnKU9kJiQLOEmhqpjl0MglEhBza4eB67LcfQCqWJnd6mIEvSC9hMaNEGymwj1tVr9FnATvFnmICw31x5nGTj0jA8NQaBXbFqTkT4EXizkgFzdAI7C8vSmkuINGUE6W6rpNpvyBSM8phVPZyBRmhA9KDrqEJEaD8YnLNCJ8YJcJxKs1LNJ6ovxMFEUoNRWgmBdF9Ne+Nxf+8bq7jK79gSZZrSOh0UZxzrFM8rgZHTALVfGgIoZKZv2LaJ5JQbQosmxLc+ZMXSeu85jo19/aiUq/P6iihQ3SEqshFl6iOblADNRFFj+gZvaI368l6sd6tj+nokjXLHKA/sD5/ALZ+mrQ=</latexit><latexit sha1_base64="NQSbPPExjdKwy5HPCfgc5tSo5M0=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1YUlE0GXBjcsK9gFNDJPJTTt0JgkzE6GE/oAbf8WNC0Xcunfn3zh9LLT1wMDhnHu4c0+Ycaa043xbS8srq2vrpY3y5tb2zq69t99SaS4pNGnKU9kJiQLOEmhqpjl0MglEhBza4eB67LcfQCqWJnd6mIEvSC9hMaNEGymwj1tVr9FnATvFnmICw31x5nGTj0jA8NQaBXbFqTkT4EXizkgFzdAI7C8vSmkuINGUE6W6rpNpvyBSM8phVPZyBRmhA9KDrqEJEaD8YnLNCJ8YJcJxKs1LNJ6ovxMFEUoNRWgmBdF9Ne+Nxf+8bq7jK79gSZZrSOh0UZxzrFM8rgZHTALVfGgIoZKZv2LaJ5JQbQosmxLc+ZMXSeu85jo19/aiUq/P6iihQ3SEqshFl6iOblADNRFFj+gZvaI368l6sd6tj+nokjXLHKA/sD5/ALZ+mrQ=</latexit><latexit sha1_base64="NQSbPPExjdKwy5HPCfgc5tSo5M0=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1YUlE0GXBjcsK9gFNDJPJTTt0JgkzE6GE/oAbf8WNC0Xcunfn3zh9LLT1wMDhnHu4c0+Ycaa043xbS8srq2vrpY3y5tb2zq69t99SaS4pNGnKU9kJiQLOEmhqpjl0MglEhBza4eB67LcfQCqWJnd6mIEvSC9hMaNEGymwj1tVr9FnATvFnmICw31x5nGTj0jA8NQaBXbFqTkT4EXizkgFzdAI7C8vSmkuINGUE6W6rpNpvyBSM8phVPZyBRmhA9KDrqEJEaD8YnLNCJ8YJcJxKs1LNJ6ovxMFEUoNRWgmBdF9Ne+Nxf+8bq7jK79gSZZrSOh0UZxzrFM8rgZHTALVfGgIoZKZv2LaJ5JQbQosmxLc+ZMXSeu85jo19/aiUq/P6iihQ3SEqshFl6iOblADNRFFj+gZvaI368l6sd6tj+nokjXLHKA/sD5/ALZ+mrQ=</latexit><latexit sha1_base64="NQSbPPExjdKwy5HPCfgc5tSo5M0=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1YUlE0GXBjcsK9gFNDJPJTTt0JgkzE6GE/oAbf8WNC0Xcunfn3zh9LLT1wMDhnHu4c0+Ycaa043xbS8srq2vrpY3y5tb2zq69t99SaS4pNGnKU9kJiQLOEmhqpjl0MglEhBza4eB67LcfQCqWJnd6mIEvSC9hMaNEGymwj1tVr9FnATvFnmICw31x5nGTj0jA8NQaBXbFqTkT4EXizkgFzdAI7C8vSmkuINGUE6W6rpNpvyBSM8phVPZyBRmhA9KDrqEJEaD8YnLNCJ8YJcJxKs1LNJ6ovxMFEUoNRWgmBdF9Ne+Nxf+8bq7jK79gSZZrSOh0UZxzrFM8rgZHTALVfGgIoZKZv2LaJ5JQbQosmxLc+ZMXSeu85jo19/aiUq/P6iihQ3SEqshFl6iOblADNRFFj+gZvaI368l6sd6tj+nokjXLHKA/sD5/ALZ+mrQ=</latexit>

� =

r
2

3
lnV

<latexit sha1_base64="Npy8kMT+pIoHXo7j1jPCzHb4hI8=">AAACEnicbVBNS8NAEN34WetX1KOXxSLopSRV0ItQ8OKxgv2AppTNdtMu3Wzi7kQoIb/Bi3/FiwdFvHry5r9x0+agrQ8GHu/NMDPPjwXX4Djf1tLyyuraemmjvLm1vbNr7+23dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/vj69xvPzCleSTvYBKzXkiGkgecEjBS3z71GiOOr7Cn7xWkXqAITWtZepZl2BMSeyGBESUibWV9u+JUnSnwInELUkEFGn37yxtENAmZBCqI1l3XiaGXEgWcCpaVvUSzmNAxGbKuoZKETPfS6UsZPjbKAAeRMiUBT9XfEykJtZ6EvunMT9TzXi7+53UTCC57KZdxAkzS2aIgERginOeDB1wxCmJiCKGKm1sxHRETC5gUyyYEd/7lRdKqVV2n6t6eV+r1Io4SOkRH6AS56ALV0Q1qoCai6BE9o1f0Zj1ZL9a79TFrXbKKmQP0B9bnD+umnaI=</latexit><latexit sha1_base64="Npy8kMT+pIoHXo7j1jPCzHb4hI8=">AAACEnicbVBNS8NAEN34WetX1KOXxSLopSRV0ItQ8OKxgv2AppTNdtMu3Wzi7kQoIb/Bi3/FiwdFvHry5r9x0+agrQ8GHu/NMDPPjwXX4Djf1tLyyuraemmjvLm1vbNr7+23dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/vj69xvPzCleSTvYBKzXkiGkgecEjBS3z71GiOOr7Cn7xWkXqAITWtZepZl2BMSeyGBESUibWV9u+JUnSnwInELUkEFGn37yxtENAmZBCqI1l3XiaGXEgWcCpaVvUSzmNAxGbKuoZKETPfS6UsZPjbKAAeRMiUBT9XfEykJtZ6EvunMT9TzXi7+53UTCC57KZdxAkzS2aIgERginOeDB1wxCmJiCKGKm1sxHRETC5gUyyYEd/7lRdKqVV2n6t6eV+r1Io4SOkRH6AS56ALV0Q1qoCai6BE9o1f0Zj1ZL9a79TFrXbKKmQP0B9bnD+umnaI=</latexit><latexit sha1_base64="Npy8kMT+pIoHXo7j1jPCzHb4hI8=">AAACEnicbVBNS8NAEN34WetX1KOXxSLopSRV0ItQ8OKxgv2AppTNdtMu3Wzi7kQoIb/Bi3/FiwdFvHry5r9x0+agrQ8GHu/NMDPPjwXX4Djf1tLyyuraemmjvLm1vbNr7+23dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/vj69xvPzCleSTvYBKzXkiGkgecEjBS3z71GiOOr7Cn7xWkXqAITWtZepZl2BMSeyGBESUibWV9u+JUnSnwInELUkEFGn37yxtENAmZBCqI1l3XiaGXEgWcCpaVvUSzmNAxGbKuoZKETPfS6UsZPjbKAAeRMiUBT9XfEykJtZ6EvunMT9TzXi7+53UTCC57KZdxAkzS2aIgERginOeDB1wxCmJiCKGKm1sxHRETC5gUyyYEd/7lRdKqVV2n6t6eV+r1Io4SOkRH6AS56ALV0Q1qoCai6BE9o1f0Zj1ZL9a79TFrXbKKmQP0B9bnD+umnaI=</latexit><latexit sha1_base64="Npy8kMT+pIoHXo7j1jPCzHb4hI8=">AAACEnicbVBNS8NAEN34WetX1KOXxSLopSRV0ItQ8OKxgv2AppTNdtMu3Wzi7kQoIb/Bi3/FiwdFvHry5r9x0+agrQ8GHu/NMDPPjwXX4Djf1tLyyuraemmjvLm1vbNr7+23dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/vj69xvPzCleSTvYBKzXkiGkgecEjBS3z71GiOOr7Cn7xWkXqAITWtZepZl2BMSeyGBESUibWV9u+JUnSnwInELUkEFGn37yxtENAmZBCqI1l3XiaGXEgWcCpaVvUSzmNAxGbKuoZKETPfS6UsZPjbKAAeRMiUBT9XfEykJtZ6EvunMT9TzXi7+53UTCC57KZdxAkzS2aIgERginOeDB1wxCmJiCKGKm1sxHRETC5gUyyYEd/7lRdKqVV2n6t6eV+r1Io4SOkRH6AS56ALV0Q1qoCai6BE9o1f0Zj1ZL9a79TFrXbKKmQP0B9bnD+umnaI=</latexit>

Other sources diluted  

After inflation: 

ms ⇠
MPp
V

<latexit sha1_base64="maTHUF7gdvsv5VPaaZqtYzFYNLA=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuyowIuiy4cSNUsA/olCGTZtrQJDMmGaGE+QQ3/oobF4q4denOvzHTzkJbD1w4nHMv994TpYwq7XnfztLyyuraemWjurm1vbPr7u23VZJJTFo4YYnsRkgRRgVpaaoZ6aaSIB4x0onGV4XfeSBS0UTc6UlK+hwNBY0pRtpKoXvCQwUDRTkMYomwuQmbuQnUvdQm4EiPMGKmned56Na8ujcFXCR+SWqgRDN0v4JBgjNOhMYMKdXzvVT3DZKaYkbyapApkiI8RkPSs1QgTlTfTB/K4bFVBjBOpC2h4VT9PWEQV2rCI9tZHKnmvUL8z+tlOr7sGyrSTBOBZ4vijEGdwCIdOKCSYM0mliAsqb0V4hGywWibYdWG4M+/vEjaZ3Xfq/u357VGo4yjAg7BETgFPrgADXANmqAFMHgEz+AVvDlPzovz7nzMWpeccuYA/IHz+QMF+J3Z</latexit><latexit sha1_base64="maTHUF7gdvsv5VPaaZqtYzFYNLA=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuyowIuiy4cSNUsA/olCGTZtrQJDMmGaGE+QQ3/oobF4q4denOvzHTzkJbD1w4nHMv994TpYwq7XnfztLyyuraemWjurm1vbPr7u23VZJJTFo4YYnsRkgRRgVpaaoZ6aaSIB4x0onGV4XfeSBS0UTc6UlK+hwNBY0pRtpKoXvCQwUDRTkMYomwuQmbuQnUvdQm4EiPMGKmned56Na8ujcFXCR+SWqgRDN0v4JBgjNOhMYMKdXzvVT3DZKaYkbyapApkiI8RkPSs1QgTlTfTB/K4bFVBjBOpC2h4VT9PWEQV2rCI9tZHKnmvUL8z+tlOr7sGyrSTBOBZ4vijEGdwCIdOKCSYM0mliAsqb0V4hGywWibYdWG4M+/vEjaZ3Xfq/u357VGo4yjAg7BETgFPrgADXANmqAFMHgEz+AVvDlPzovz7nzMWpeccuYA/IHz+QMF+J3Z</latexit><latexit sha1_base64="maTHUF7gdvsv5VPaaZqtYzFYNLA=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuyowIuiy4cSNUsA/olCGTZtrQJDMmGaGE+QQ3/oobF4q4denOvzHTzkJbD1w4nHMv994TpYwq7XnfztLyyuraemWjurm1vbPr7u23VZJJTFo4YYnsRkgRRgVpaaoZ6aaSIB4x0onGV4XfeSBS0UTc6UlK+hwNBY0pRtpKoXvCQwUDRTkMYomwuQmbuQnUvdQm4EiPMGKmned56Na8ujcFXCR+SWqgRDN0v4JBgjNOhMYMKdXzvVT3DZKaYkbyapApkiI8RkPSs1QgTlTfTB/K4bFVBjBOpC2h4VT9PWEQV2rCI9tZHKnmvUL8z+tlOr7sGyrSTBOBZ4vijEGdwCIdOKCSYM0mliAsqb0V4hGywWibYdWG4M+/vEjaZ3Xfq/u357VGo4yjAg7BETgFPrgADXANmqAFMHgEz+AVvDlPzovz7nzMWpeccuYA/IHz+QMF+J3Z</latexit><latexit sha1_base64="maTHUF7gdvsv5VPaaZqtYzFYNLA=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuyowIuiy4cSNUsA/olCGTZtrQJDMmGaGE+QQ3/oobF4q4denOvzHTzkJbD1w4nHMv994TpYwq7XnfztLyyuraemWjurm1vbPr7u23VZJJTFo4YYnsRkgRRgVpaaoZ6aaSIB4x0onGV4XfeSBS0UTc6UlK+hwNBY0pRtpKoXvCQwUDRTkMYomwuQmbuQnUvdQm4EiPMGKmned56Na8ujcFXCR+SWqgRDN0v4JBgjNOhMYMKdXzvVT3DZKaYkbyapApkiI8RkPSs1QgTlTfTB/K4bFVBjBOpC2h4VT9PWEQV2rCI9tZHKnmvUL8z+tlOr7sGyrSTBOBZ4vijEGdwCIdOKCSYM0mliAsqb0V4hGywWibYdWG4M+/vEjaZ3Xfq/u357VGo4yjAg7BETgFPrgADXANmqAFMHgEz+AVvDlPzovz7nzMWpeccuYA/IHz+QMF+J3Z</latexit>



TRACKER EPOCHS

Matter/radiation 

In LVS, only this kind

[(Brinkmann),Cicoli,Dibitetto,Pedro’20 x 2, 22]

acc. expansion?

Scalar field kinetic terms + potential  ‘tracking’  fluid

[FR’23] Caveat: [Hebecker,Schreyer,Venken ’23]

⇢ ⇠ a�3(w�+1)
<latexit sha1_base64="cBZzSvJTw5iUjNqGdhLiCDsGPuw=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEilgSFfRY8OKxgv2AppbJdtsu3U3C7kYpIUcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDPPjzhT2nG+rdzC4tLySn61sLa+sbllb+/UVRhLQmsk5KFs+qAoZwGtaaY5bUaSgvA5bfjDq7HfuKdSsTC41aOItgX0A9ZjBLSROva+Jwch9hQTGO6SkzNceugkXh+EgPTYPUo7dtEpOxPgeeJmpIgyVDv2l9cNSSxooAkHpVquE+l2AlIzwmla8GJFIyBD6NOWoQEIqtrJ5JEUHxqli3uhNBVoPFF/TyQglBoJ33QK0AM1643F/7xWrHuX7YQFUaxpQKaLejHHOsTjVHCXSUo0HxkCRDJzKyYDkEC0ya5gQnBnX54n9dOy65Tdm/NipZLFkUd76ACVkIsuUAVdoyqqIYIe0TN6RW/Wk/VivVsf09aclc3soj+wPn8AtMeYeg==</latexit><latexit sha1_base64="cBZzSvJTw5iUjNqGdhLiCDsGPuw=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEilgSFfRY8OKxgv2AppbJdtsu3U3C7kYpIUcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDPPjzhT2nG+rdzC4tLySn61sLa+sbllb+/UVRhLQmsk5KFs+qAoZwGtaaY5bUaSgvA5bfjDq7HfuKdSsTC41aOItgX0A9ZjBLSROva+Jwch9hQTGO6SkzNceugkXh+EgPTYPUo7dtEpOxPgeeJmpIgyVDv2l9cNSSxooAkHpVquE+l2AlIzwmla8GJFIyBD6NOWoQEIqtrJ5JEUHxqli3uhNBVoPFF/TyQglBoJ33QK0AM1643F/7xWrHuX7YQFUaxpQKaLejHHOsTjVHCXSUo0HxkCRDJzKyYDkEC0ya5gQnBnX54n9dOy65Tdm/NipZLFkUd76ACVkIsuUAVdoyqqIYIe0TN6RW/Wk/VivVsf09aclc3soj+wPn8AtMeYeg==</latexit><latexit sha1_base64="cBZzSvJTw5iUjNqGdhLiCDsGPuw=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEilgSFfRY8OKxgv2AppbJdtsu3U3C7kYpIUcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDPPjzhT2nG+rdzC4tLySn61sLa+sbllb+/UVRhLQmsk5KFs+qAoZwGtaaY5bUaSgvA5bfjDq7HfuKdSsTC41aOItgX0A9ZjBLSROva+Jwch9hQTGO6SkzNceugkXh+EgPTYPUo7dtEpOxPgeeJmpIgyVDv2l9cNSSxooAkHpVquE+l2AlIzwmla8GJFIyBD6NOWoQEIqtrJ5JEUHxqli3uhNBVoPFF/TyQglBoJ33QK0AM1643F/7xWrHuX7YQFUaxpQKaLejHHOsTjVHCXSUo0HxkCRDJzKyYDkEC0ya5gQnBnX54n9dOy65Tdm/NipZLFkUd76ACVkIsuUAVdoyqqIYIe0TN6RW/Wk/VivVsf09aclc3soj+wPn8AtMeYeg==</latexit><latexit sha1_base64="cBZzSvJTw5iUjNqGdhLiCDsGPuw=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEilgSFfRY8OKxgv2AppbJdtsu3U3C7kYpIUcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDPPjzhT2nG+rdzC4tLySn61sLa+sbllb+/UVRhLQmsk5KFs+qAoZwGtaaY5bUaSgvA5bfjDq7HfuKdSsTC41aOItgX0A9ZjBLSROva+Jwch9hQTGO6SkzNceugkXh+EgPTYPUo7dtEpOxPgeeJmpIgyVDv2l9cNSSxooAkHpVquE+l2AlIzwmla8GJFIyBD6NOWoQEIqtrJ5JEUHxqli3uhNBVoPFF/TyQglBoJ33QK0AM1643F/7xWrHuX7YQFUaxpQKaLejHHOsTjVHCXSUo0HxkCRDJzKyYDkEC0ya5gQnBnX54n9dOy65Tdm/NipZLFkUd76ACVkIsuUAVdoyqqIYIe0TN6RW/Wk/VivVsf09aclc3soj+wPn8AtMeYeg==</latexit>

Axions

as if only fluid present

3H2 =
1

2
�̇2 + V (�) + ⇢� +

1

2
e
��

ȧ
2

<latexit sha1_base64="TseKjIMr7vvFJYlnIkC6J4pvSSU="></latexit><latexit sha1_base64="TseKjIMr7vvFJYlnIkC6J4pvSSU="></latexit><latexit sha1_base64="TseKjIMr7vvFJYlnIkC6J4pvSSU="></latexit><latexit sha1_base64="TseKjIMr7vvFJYlnIkC6J4pvSSU="></latexit>

All stay in constant ratios (

<latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit> <latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit> <latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit> <latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit>

Attractors

[Wetterich ’88] 
[ Copeland,Liddle,Wands ’98; Ferreira,Joyce ’98] [FR’23]



A NON-STANDARD PICTURE

[Cicoli,Conlon,Maharana,Quevedo,Parameswaran,Zavala ’23] [Apers,Conlon,Copeland,Mosny,FR ’24]

Figure  from:

+ trackers

Example of full cosmological history compatible with ST 

Candidate: volume modulus in LVS

(In general        inflaton!)    E.g. waterfall field                                               6=
<latexit sha1_base64="lvqwhNiZhcJnEKwOzCJ4KbZmY4A=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkltbXsrevFYwX5AG8pmu2mXbjZxdyOU0L/gxYMiXv1D3vw3btoKKvpg4PHeDDPz/JgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6vM79xTqVgkbvU0pl6IR4IFjGCdSX1B7waFomOfV+sXlToypFYtlSsL4tRc5NrOHEVYojkovPeHEUlCKjThWKme68TaS7HUjHA6y/cTRWNMJnhEe4YKHFLlpfNbZ+jUKEMURNKU0Giufp9IcajUNPRNZ4j1WP32MvEvr5fooOalTMSJpoIsFgUJRzpC2eNoyCQlmk8NwUQycysiYywx0SaevAnh61P0P2mXbNex3ZtysXG5jCMHx3ACZ+BCFRpwDU1oAYExPMATPFuh9Wi9WK+L1hVrOXMEP2C9fQKh+I6h</latexit><latexit sha1_base64="lvqwhNiZhcJnEKwOzCJ4KbZmY4A=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkltbXsrevFYwX5AG8pmu2mXbjZxdyOU0L/gxYMiXv1D3vw3btoKKvpg4PHeDDPz/JgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6vM79xTqVgkbvU0pl6IR4IFjGCdSX1B7waFomOfV+sXlToypFYtlSsL4tRc5NrOHEVYojkovPeHEUlCKjThWKme68TaS7HUjHA6y/cTRWNMJnhEe4YKHFLlpfNbZ+jUKEMURNKU0Giufp9IcajUNPRNZ4j1WP32MvEvr5fooOalTMSJpoIsFgUJRzpC2eNoyCQlmk8NwUQycysiYywx0SaevAnh61P0P2mXbNex3ZtysXG5jCMHx3ACZ+BCFRpwDU1oAYExPMATPFuh9Wi9WK+L1hVrOXMEP2C9fQKh+I6h</latexit><latexit sha1_base64="lvqwhNiZhcJnEKwOzCJ4KbZmY4A=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkltbXsrevFYwX5AG8pmu2mXbjZxdyOU0L/gxYMiXv1D3vw3btoKKvpg4PHeDDPz/JgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6vM79xTqVgkbvU0pl6IR4IFjGCdSX1B7waFomOfV+sXlToypFYtlSsL4tRc5NrOHEVYojkovPeHEUlCKjThWKme68TaS7HUjHA6y/cTRWNMJnhEe4YKHFLlpfNbZ+jUKEMURNKU0Giufp9IcajUNPRNZ4j1WP32MvEvr5fooOalTMSJpoIsFgUJRzpC2eNoyCQlmk8NwUQycysiYywx0SaevAnh61P0P2mXbNex3ZtysXG5jCMHx3ACZ+BCFRpwDU1oAYExPMATPFuh9Wi9WK+L1hVrOXMEP2C9fQKh+I6h</latexit><latexit sha1_base64="lvqwhNiZhcJnEKwOzCJ4KbZmY4A=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkltbXsrevFYwX5AG8pmu2mXbjZxdyOU0L/gxYMiXv1D3vw3btoKKvpg4PHeDDPz/JgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6vM79xTqVgkbvU0pl6IR4IFjGCdSX1B7waFomOfV+sXlToypFYtlSsL4tRc5NrOHEVYojkovPeHEUlCKjThWKme68TaS7HUjHA6y/cTRWNMJnhEe4YKHFLlpfNbZ+jUKEMURNKU0Giufp9IcajUNPRNZ4j1WP32MvEvr5fooOalTMSJpoIsFgUJRzpC2eNoyCQlmk8NwUQycysiYywx0SaevAnh61P0P2mXbNex3ZtysXG5jCMHx3ACZ+BCFRpwDU1oAYExPMATPFuh9Wi9WK+L1hVrOXMEP2C9fQKh+I6h</latexit>

[Burgess,Quevedo ’22]



COSMOLOGICAL PERTURBATIONS

“Gravitational potential”

ds2 = a2(⌘)
⇥
�(1 + 2�)d⌘2 + (1� 2�)�ijdx

ixj
⇤

<latexit sha1_base64="eXlno6i1oHGXbf47dtbd1QKeMWE="></latexit><latexit sha1_base64="eXlno6i1oHGXbf47dtbd1QKeMWE="></latexit><latexit sha1_base64="eXlno6i1oHGXbf47dtbd1QKeMWE="></latexit><latexit sha1_base64="eXlno6i1oHGXbf47dtbd1QKeMWE="></latexit>

� =
�⇢

⇢̄
+ v

⇢̄0

⇢̄
<latexit sha1_base64="rvKYurGq3thrn/V9IDfcqkLYeQs=">AAACMHicbZBdS8MwFIbT+TXnV9VLb4JDFITRiqA3wkBBLye4D1jLSNN0C0vTkqSDUfqTvPGn6I2CIt76K8y6Im7zQODJ+55Dcl4vZlQqy3ozSkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8nvjtERGSRvxBjWPihqjPaUAxUlrqmbfODWEKwSvoBALh1PHzqyMGUZY6HhJpjtnpqPB/peMZv2dWrZqVF1wEu4AqKKrRM58dP8JJSLjCDEnZta1YuSkSimJGsoqTSBIjPER90tXIUUikm+YLZ/BIKz4MIqEPVzBX/06kKJRyHHq6M0RqIOe9ifif101UcOmmlMeJIhxPHwoSBlUEJ+lBnwqCFRtrQFhQ/VeIB0gHo3TGFR2CPb/yIrTOarZVs+/Pq/V6EUcZHIBDcAJscAHq4A40QBNg8AhewDv4MJ6MV+PT+Jq2loxiZh/MlPH9AxOKq38=</latexit><latexit sha1_base64="rvKYurGq3thrn/V9IDfcqkLYeQs=">AAACMHicbZBdS8MwFIbT+TXnV9VLb4JDFITRiqA3wkBBLye4D1jLSNN0C0vTkqSDUfqTvPGn6I2CIt76K8y6Im7zQODJ+55Dcl4vZlQqy3ozSkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8nvjtERGSRvxBjWPihqjPaUAxUlrqmbfODWEKwSvoBALh1PHzqyMGUZY6HhJpjtnpqPB/peMZv2dWrZqVF1wEu4AqKKrRM58dP8JJSLjCDEnZta1YuSkSimJGsoqTSBIjPER90tXIUUikm+YLZ/BIKz4MIqEPVzBX/06kKJRyHHq6M0RqIOe9ifif101UcOmmlMeJIhxPHwoSBlUEJ+lBnwqCFRtrQFhQ/VeIB0gHo3TGFR2CPb/yIrTOarZVs+/Pq/V6EUcZHIBDcAJscAHq4A40QBNg8AhewDv4MJ6MV+PT+Jq2loxiZh/MlPH9AxOKq38=</latexit><latexit sha1_base64="rvKYurGq3thrn/V9IDfcqkLYeQs=">AAACMHicbZBdS8MwFIbT+TXnV9VLb4JDFITRiqA3wkBBLye4D1jLSNN0C0vTkqSDUfqTvPGn6I2CIt76K8y6Im7zQODJ+55Dcl4vZlQqy3ozSkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8nvjtERGSRvxBjWPihqjPaUAxUlrqmbfODWEKwSvoBALh1PHzqyMGUZY6HhJpjtnpqPB/peMZv2dWrZqVF1wEu4AqKKrRM58dP8JJSLjCDEnZta1YuSkSimJGsoqTSBIjPER90tXIUUikm+YLZ/BIKz4MIqEPVzBX/06kKJRyHHq6M0RqIOe9ifif101UcOmmlMeJIhxPHwoSBlUEJ+lBnwqCFRtrQFhQ/VeIB0gHo3TGFR2CPb/yIrTOarZVs+/Pq/V6EUcZHIBDcAJscAHq4A40QBNg8AhewDv4MJ6MV+PT+Jq2loxiZh/MlPH9AxOKq38=</latexit><latexit sha1_base64="rvKYurGq3thrn/V9IDfcqkLYeQs=">AAACMHicbZBdS8MwFIbT+TXnV9VLb4JDFITRiqA3wkBBLye4D1jLSNN0C0vTkqSDUfqTvPGn6I2CIt76K8y6Im7zQODJ+55Dcl4vZlQqy3ozSkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8nvjtERGSRvxBjWPihqjPaUAxUlrqmbfODWEKwSvoBALh1PHzqyMGUZY6HhJpjtnpqPB/peMZv2dWrZqVF1wEu4AqKKrRM58dP8JJSLjCDEnZta1YuSkSimJGsoqTSBIjPER90tXIUUikm+YLZ/BIKz4MIqEPVzBX/06kKJRyHHq6M0RqIOe9ifif101UcOmmlMeJIhxPHwoSBlUEJ+lBnwqCFRtrQFhQ/VeIB0gHo3TGFR2CPb/yIrTOarZVs+/Pq/V6EUcZHIBDcAJscAHq4A40QBNg8AhewDv4MJ6MV+PT+Jq2loxiZh/MlPH9AxOKq38=</latexit>

Most general metric and matter pert. + gauge  invariance

“Density contrast” 

Gauge invariant  
variables

Can be significantly enhanced in a non-standard epoch 

�(⌘) =
C1

k⌘
J1(k⌘) +

C2

k⌘
Y1(k⌘)

�(⌘) = � 2iHinf

MP

p
"V k

3

k⌘J1(k⌘)

J0 (k⌘0)
<latexit sha1_base64="DDsWsRxY4odO9AaJ35uranXxygU="></latexit><latexit sha1_base64="DDsWsRxY4odO9AaJ35uranXxygU="></latexit><latexit sha1_base64="DDsWsRxY4odO9AaJ35uranXxygU="></latexit><latexit sha1_base64="DDsWsRxY4odO9AaJ35uranXxygU="></latexit>

E.g. Kination:
Very fast!

a(⌘) sin(k⌘), k⌘ � 1
<latexit sha1_base64="PuX5Dqpl67xCmoGbzLPEZrLdYH8="></latexit><latexit sha1_base64="PuX5Dqpl67xCmoGbzLPEZrLdYH8="></latexit><latexit sha1_base64="PuX5Dqpl67xCmoGbzLPEZrLdYH8="></latexit><latexit sha1_base64="PuX5Dqpl67xCmoGbzLPEZrLdYH8="></latexit>

a(⌘)4, k⌘ ⌧ 1
<latexit sha1_base64="XZWBgEksgtLMJRn9dR6Jc++TigU=">AAACGHicdVDLSgMxFM3UV62vqks3wSJUkDpTW9vuCm5cVrAP6IzlTiZtQzMPk4xQSj/Djb/ixoUibrvzb0wfgko9kHA451ySe9yIM6lM89NIrKyurW8kN1Nb2zu7e+n9g4YMY0FonYQ8FC0XJOUsoHXFFKetSFDwXU6b7uBq6jcfqJAsDG7VMKKOD72AdRkBpaVO+hyyNlVwelc4w/Z9DN6Se4CnEWxzjq1OOmPmLkqVy2IFa1Iu5QvFOTHLFrZy5gwZtECtk57YXkhinwaKcJCybZmRckYgFCOcjlN2LGkEZAA92tY0AJ9KZzRbbIxPtOLhbij0CRSeqT8nRuBLOfRdnfRB9eVfbyou89qx6padEQuiWNGAzB/qxhyrEE9bwh4TlCg+1ASIYPqvmPRBAFG6y5Qu4XtT/D9p5HOWmbNuCplqcVFHEh2hY5RFFiqhKrpGNVRHBD2iZ/SK3own48V4Nz7m0YSxmDlEv2BMvgDNNZ5b</latexit><latexit sha1_base64="XZWBgEksgtLMJRn9dR6Jc++TigU=">AAACGHicdVDLSgMxFM3UV62vqks3wSJUkDpTW9vuCm5cVrAP6IzlTiZtQzMPk4xQSj/Djb/ixoUibrvzb0wfgko9kHA451ySe9yIM6lM89NIrKyurW8kN1Nb2zu7e+n9g4YMY0FonYQ8FC0XJOUsoHXFFKetSFDwXU6b7uBq6jcfqJAsDG7VMKKOD72AdRkBpaVO+hyyNlVwelc4w/Z9DN6Se4CnEWxzjq1OOmPmLkqVy2IFa1Iu5QvFOTHLFrZy5gwZtECtk57YXkhinwaKcJCybZmRckYgFCOcjlN2LGkEZAA92tY0AJ9KZzRbbIxPtOLhbij0CRSeqT8nRuBLOfRdnfRB9eVfbyou89qx6padEQuiWNGAzB/qxhyrEE9bwh4TlCg+1ASIYPqvmPRBAFG6y5Qu4XtT/D9p5HOWmbNuCplqcVFHEh2hY5RFFiqhKrpGNVRHBD2iZ/SK3own48V4Nz7m0YSxmDlEv2BMvgDNNZ5b</latexit><latexit sha1_base64="XZWBgEksgtLMJRn9dR6Jc++TigU=">AAACGHicdVDLSgMxFM3UV62vqks3wSJUkDpTW9vuCm5cVrAP6IzlTiZtQzMPk4xQSj/Djb/ixoUibrvzb0wfgko9kHA451ySe9yIM6lM89NIrKyurW8kN1Nb2zu7e+n9g4YMY0FonYQ8FC0XJOUsoHXFFKetSFDwXU6b7uBq6jcfqJAsDG7VMKKOD72AdRkBpaVO+hyyNlVwelc4w/Z9DN6Se4CnEWxzjq1OOmPmLkqVy2IFa1Iu5QvFOTHLFrZy5gwZtECtk57YXkhinwaKcJCybZmRckYgFCOcjlN2LGkEZAA92tY0AJ9KZzRbbIxPtOLhbij0CRSeqT8nRuBLOfRdnfRB9eVfbyou89qx6padEQuiWNGAzB/qxhyrEE9bwh4TlCg+1ASIYPqvmPRBAFG6y5Qu4XtT/D9p5HOWmbNuCplqcVFHEh2hY5RFFiqhKrpGNVRHBD2iZ/SK3own48V4Nz7m0YSxmDlEv2BMvgDNNZ5b</latexit><latexit sha1_base64="XZWBgEksgtLMJRn9dR6Jc++TigU=">AAACGHicdVDLSgMxFM3UV62vqks3wSJUkDpTW9vuCm5cVrAP6IzlTiZtQzMPk4xQSj/Djb/ixoUibrvzb0wfgko9kHA451ySe9yIM6lM89NIrKyurW8kN1Nb2zu7e+n9g4YMY0FonYQ8FC0XJOUsoHXFFKetSFDwXU6b7uBq6jcfqJAsDG7VMKKOD72AdRkBpaVO+hyyNlVwelc4w/Z9DN6Se4CnEWxzjq1OOmPmLkqVy2IFa1Iu5QvFOTHLFrZy5gwZtECtk57YXkhinwaKcJCybZmRckYgFCOcjlN2LGkEZAA92tY0AJ9KZzRbbIxPtOLhbij0CRSeqT8nRuBLOfRdnfRB9eVfbyou89qx6padEQuiWNGAzB/qxhyrEE9bwh4TlCg+1ASIYPqvmPRBAFG6y5Qu4XtT/D9p5HOWmbNuCplqcVFHEh2hY5RFFiqhKrpGNVRHBD2iZ/SK3own48V4Nz7m0YSxmDlEv2BMvgDNNZ5b</latexit>

[Apers,Conlon,Copeland,Mosny,FR’24]



TIME DEPENDENT COUPLINGS & COSMIC SUPERSTRINGS 

Hallmark of String Theory: couplings depend on moduli

time dependent  
tension!

Time dependent couplings

�i(t)
<latexit sha1_base64="uR3MEnf+joHy3VWInL81fD8HczQ=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoMQL8tuTExyC3jxGME8JFnC7GQ2GTKzu8zMCmHJV3jxoIhXP8ebf+PkIahoQUNR1U13lx9zprTjfFiZtfWNza3sdm5nd2//IH941FZRIgltkYhHsutjRTkLaUszzWk3lhQLn9OOP7ma+517KhWLwls9jakn8ChkASNYG+mu3xyzASvq80G+4NgX1fplpY4MqVVL5cqSODUXubazQAFWaA7y7/1hRBJBQ004VqrnOrH2Uiw1I5zOcv1E0RiTCR7RnqEhFlR56eLgGTozyhAFkTQVarRQv0+kWCg1Fb7pFFiP1W9vLv7l9RId1LyUhXGiaUiWi4KEIx2h+fdoyCQlmk8NwUQycysiYywx0SajnAnh61P0P2mXbNex3ZtyodFYxZGFEziFIrhQhQZcQxNaQEDAAzzBsyWtR+vFel22ZqzVzDH8gPX2CYmMkDs=</latexit><latexit sha1_base64="uR3MEnf+joHy3VWInL81fD8HczQ=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoMQL8tuTExyC3jxGME8JFnC7GQ2GTKzu8zMCmHJV3jxoIhXP8ebf+PkIahoQUNR1U13lx9zprTjfFiZtfWNza3sdm5nd2//IH941FZRIgltkYhHsutjRTkLaUszzWk3lhQLn9OOP7ma+517KhWLwls9jakn8ChkASNYG+mu3xyzASvq80G+4NgX1fplpY4MqVVL5cqSODUXubazQAFWaA7y7/1hRBJBQ004VqrnOrH2Uiw1I5zOcv1E0RiTCR7RnqEhFlR56eLgGTozyhAFkTQVarRQv0+kWCg1Fb7pFFiP1W9vLv7l9RId1LyUhXGiaUiWi4KEIx2h+fdoyCQlmk8NwUQycysiYywx0SajnAnh61P0P2mXbNex3ZtyodFYxZGFEziFIrhQhQZcQxNaQEDAAzzBsyWtR+vFel22ZqzVzDH8gPX2CYmMkDs=</latexit><latexit sha1_base64="uR3MEnf+joHy3VWInL81fD8HczQ=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoMQL8tuTExyC3jxGME8JFnC7GQ2GTKzu8zMCmHJV3jxoIhXP8ebf+PkIahoQUNR1U13lx9zprTjfFiZtfWNza3sdm5nd2//IH941FZRIgltkYhHsutjRTkLaUszzWk3lhQLn9OOP7ma+517KhWLwls9jakn8ChkASNYG+mu3xyzASvq80G+4NgX1fplpY4MqVVL5cqSODUXubazQAFWaA7y7/1hRBJBQ004VqrnOrH2Uiw1I5zOcv1E0RiTCR7RnqEhFlR56eLgGTozyhAFkTQVarRQv0+kWCg1Fb7pFFiP1W9vLv7l9RId1LyUhXGiaUiWi4KEIx2h+fdoyCQlmk8NwUQycysiYywx0SajnAnh61P0P2mXbNex3ZtyodFYxZGFEziFIrhQhQZcQxNaQEDAAzzBsyWtR+vFel22ZqzVzDH8gPX2CYmMkDs=</latexit><latexit sha1_base64="uR3MEnf+joHy3VWInL81fD8HczQ=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoMQL8tuTExyC3jxGME8JFnC7GQ2GTKzu8zMCmHJV3jxoIhXP8ebf+PkIahoQUNR1U13lx9zprTjfFiZtfWNza3sdm5nd2//IH941FZRIgltkYhHsutjRTkLaUszzWk3lhQLn9OOP7ma+517KhWLwls9jakn8ChkASNYG+mu3xyzASvq80G+4NgX1fplpY4MqVVL5cqSODUXubazQAFWaA7y7/1hRBJBQ004VqrnOrH2Uiw1I5zOcv1E0RiTCR7RnqEhFlR56eLgGTozyhAFkTQVarRQv0+kWCg1Fb7pFFiP1W9vLv7l9RId1LyUhXGiaUiWi4KEIx2h+fdoyCQlmk8NwUQycysiYywx0SajnAnh61P0P2mXbNex3ZtyodFYxZGFEziFIrhQhQZcQxNaQEDAAzzBsyWtR+vFel22ZqzVzDH8gPX2CYmMkDs=</latexit>

Conventional wisdom:

cosmic superstrings  excluded by Gµ =

✓
ms

MP

◆2

< 10�7

<latexit sha1_base64="lTYc2IuaU7aVpPRbsp/Aa53SZ6I=">AAACGnicbVBNS8NAEN34bf2KevSyWAQ9WJIi6EGh4EEvQgVbhSaGzXbTLt1Nwu5EKCG/w4t/xYsHRbyJF/+N2zYHvx4MPN6bYWZemAquwXE+ranpmdm5+YXFytLyyuqavb7R1kmmKGvRRCTqJiSaCR6zFnAQ7CZVjMhQsOtwcDryr++Y0jyJr2CYMl+SXswjTgkYKbDdM+zJDJ9gT7AIdr1IEZrLQBf5RdAssKd4rw97t3V8jF3nNt8/LAK76tScMfBf4pakiko0A/vd6yY0kywGKojWHddJwc+JAk4FKypepllK6ID0WMfQmEim/Xz8WoF3jNLFUaJMxYDH6veJnEithzI0nZJAX//2RuJ/XieD6MjPeZxmwGI6WRRlAkOCRznhLleMghgaQqji5lZM+8SkAybNignB/f3yX9Ku11yn5l4eVBuNMo4FtIW20S5y0SFqoHPURC1E0T16RM/oxXqwnqxX623SOmWVM5voB6yPLwELnvE=</latexit><latexit sha1_base64="lTYc2IuaU7aVpPRbsp/Aa53SZ6I=">AAACGnicbVBNS8NAEN34bf2KevSyWAQ9WJIi6EGh4EEvQgVbhSaGzXbTLt1Nwu5EKCG/w4t/xYsHRbyJF/+N2zYHvx4MPN6bYWZemAquwXE+ranpmdm5+YXFytLyyuqavb7R1kmmKGvRRCTqJiSaCR6zFnAQ7CZVjMhQsOtwcDryr++Y0jyJr2CYMl+SXswjTgkYKbDdM+zJDJ9gT7AIdr1IEZrLQBf5RdAssKd4rw97t3V8jF3nNt8/LAK76tScMfBf4pakiko0A/vd6yY0kywGKojWHddJwc+JAk4FKypepllK6ID0WMfQmEim/Xz8WoF3jNLFUaJMxYDH6veJnEithzI0nZJAX//2RuJ/XieD6MjPeZxmwGI6WRRlAkOCRznhLleMghgaQqji5lZM+8SkAybNignB/f3yX9Ku11yn5l4eVBuNMo4FtIW20S5y0SFqoHPURC1E0T16RM/oxXqwnqxX623SOmWVM5voB6yPLwELnvE=</latexit><latexit sha1_base64="lTYc2IuaU7aVpPRbsp/Aa53SZ6I=">AAACGnicbVBNS8NAEN34bf2KevSyWAQ9WJIi6EGh4EEvQgVbhSaGzXbTLt1Nwu5EKCG/w4t/xYsHRbyJF/+N2zYHvx4MPN6bYWZemAquwXE+ranpmdm5+YXFytLyyuqavb7R1kmmKGvRRCTqJiSaCR6zFnAQ7CZVjMhQsOtwcDryr++Y0jyJr2CYMl+SXswjTgkYKbDdM+zJDJ9gT7AIdr1IEZrLQBf5RdAssKd4rw97t3V8jF3nNt8/LAK76tScMfBf4pakiko0A/vd6yY0kywGKojWHddJwc+JAk4FKypepllK6ID0WMfQmEim/Xz8WoF3jNLFUaJMxYDH6veJnEithzI0nZJAX//2RuJ/XieD6MjPeZxmwGI6WRRlAkOCRznhLleMghgaQqji5lZM+8SkAybNignB/f3yX9Ku11yn5l4eVBuNMo4FtIW20S5y0SFqoHPURC1E0T16RM/oxXqwnqxX623SOmWVM5voB6yPLwELnvE=</latexit><latexit sha1_base64="lTYc2IuaU7aVpPRbsp/Aa53SZ6I=">AAACGnicbVBNS8NAEN34bf2KevSyWAQ9WJIi6EGh4EEvQgVbhSaGzXbTLt1Nwu5EKCG/w4t/xYsHRbyJF/+N2zYHvx4MPN6bYWZemAquwXE+ranpmdm5+YXFytLyyuqavb7R1kmmKGvRRCTqJiSaCR6zFnAQ7CZVjMhQsOtwcDryr++Y0jyJr2CYMl+SXswjTgkYKbDdM+zJDJ9gT7AIdr1IEZrLQBf5RdAssKd4rw97t3V8jF3nNt8/LAK76tScMfBf4pakiko0A/vd6yY0kywGKojWHddJwc+JAk4FKypepllK6ID0WMfQmEim/Xz8WoF3jNLFUaJMxYDH6veJnEithzI0nZJAX//2RuJ/XieD6MjPeZxmwGI6WRRlAkOCRznhLleMghgaQqji5lZM+8SkAybNignB/f3yX9Ku11yn5l4eVBuNMo4FtIW20S5y0SFqoHPURC1E0T16RM/oxXqwnqxX623SOmWVM5voB6yPLwELnvE=</latexit>

(CMB)

OK if V � 1
<latexit sha1_base64="PLVym5zs6VYUtqIUi1AXV6sVdTU=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1te2u4MZlBfuAJpTJdJIOnUzCzEQpsZ/ixoUibv0Sd/6Nk7aCih4YOJxzL/fM8RNGpbLtD6Owtr6xuVXcLu3s7u0fmOXDnoxTgUkXxywWAx9JwignXUUVI4NEEBT5jPT96WXu92+JkDTmN2qWEC9CIacBxUhpaWSW3QipCUYs682hG4bQGZkV2zpvtC7qLahJs1Gt1ZfEbjrQsewFKmCFzsh8d8cxTiPCFWZIyqFjJ8rLkFAUMzIvuakkCcJTFJKhphxFRHrZIvocnmplDINY6McVXKjfNzIUSTmLfD2ZB5W/vVz8yxumKmh6GeVJqgjHy0NByqCKYd4DHFNBsGIzTRAWVGeFeIIEwkq3VdIlfP0U/k96VcuxLee6Vmm3V3UUwTE4AWfAAQ3QBlegA7oAgzvwAJ7As3FvPBovxutytGCsdo7ADxhvn/3ck9E=</latexit><latexit sha1_base64="PLVym5zs6VYUtqIUi1AXV6sVdTU=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1te2u4MZlBfuAJpTJdJIOnUzCzEQpsZ/ixoUibv0Sd/6Nk7aCih4YOJxzL/fM8RNGpbLtD6Owtr6xuVXcLu3s7u0fmOXDnoxTgUkXxywWAx9JwignXUUVI4NEEBT5jPT96WXu92+JkDTmN2qWEC9CIacBxUhpaWSW3QipCUYs682hG4bQGZkV2zpvtC7qLahJs1Gt1ZfEbjrQsewFKmCFzsh8d8cxTiPCFWZIyqFjJ8rLkFAUMzIvuakkCcJTFJKhphxFRHrZIvocnmplDINY6McVXKjfNzIUSTmLfD2ZB5W/vVz8yxumKmh6GeVJqgjHy0NByqCKYd4DHFNBsGIzTRAWVGeFeIIEwkq3VdIlfP0U/k96VcuxLee6Vmm3V3UUwTE4AWfAAQ3QBlegA7oAgzvwAJ7As3FvPBovxutytGCsdo7ADxhvn/3ck9E=</latexit><latexit sha1_base64="PLVym5zs6VYUtqIUi1AXV6sVdTU=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1te2u4MZlBfuAJpTJdJIOnUzCzEQpsZ/ixoUibv0Sd/6Nk7aCih4YOJxzL/fM8RNGpbLtD6Owtr6xuVXcLu3s7u0fmOXDnoxTgUkXxywWAx9JwignXUUVI4NEEBT5jPT96WXu92+JkDTmN2qWEC9CIacBxUhpaWSW3QipCUYs682hG4bQGZkV2zpvtC7qLahJs1Gt1ZfEbjrQsewFKmCFzsh8d8cxTiPCFWZIyqFjJ8rLkFAUMzIvuakkCcJTFJKhphxFRHrZIvocnmplDINY6McVXKjfNzIUSTmLfD2ZB5W/vVz8yxumKmh6GeVJqgjHy0NByqCKYd4DHFNBsGIzTRAWVGeFeIIEwkq3VdIlfP0U/k96VcuxLee6Vmm3V3UUwTE4AWfAAQ3QBlegA7oAgzvwAJ7As3FvPBovxutytGCsdo7ADxhvn/3ck9E=</latexit><latexit sha1_base64="PLVym5zs6VYUtqIUi1AXV6sVdTU=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1te2u4MZlBfuAJpTJdJIOnUzCzEQpsZ/ixoUibv0Sd/6Nk7aCih4YOJxzL/fM8RNGpbLtD6Owtr6xuVXcLu3s7u0fmOXDnoxTgUkXxywWAx9JwignXUUVI4NEEBT5jPT96WXu92+JkDTmN2qWEC9CIacBxUhpaWSW3QipCUYs682hG4bQGZkV2zpvtC7qLahJs1Gt1ZfEbjrQsewFKmCFzsh8d8cxTiPCFWZIyqFjJ8rLkFAUMzIvuakkCcJTFJKhphxFRHrZIvocnmplDINY6McVXKjfNzIUSTmLfD2ZB5W/vVz8yxumKmh6GeVJqgjHy0NByqCKYd4DHFNBsGIzTRAWVGeFeIIEwkq3VdIlfP0U/k96VcuxLee6Vmm3V3UUwTE4AWfAAQ3QBlegA7oAgzvwAJ7As3FvPBovxutytGCsdo7ADxhvn/3ck9E=</latexit>

after CMB 

Cosmic fundamental strings

[Ghoshal,FR,Villa’24]

ms ⇠
MPp
V(t)

<latexit sha1_base64="cpEKL9TWgarbwXv79rs0tCXG1+k="></latexit><latexit sha1_base64="cpEKL9TWgarbwXv79rs0tCXG1+k="></latexit><latexit sha1_base64="cpEKL9TWgarbwXv79rs0tCXG1+k="></latexit><latexit sha1_base64="cpEKL9TWgarbwXv79rs0tCXG1+k="></latexit>

Can be tested with Gravitational Waves 
Also at  

low frequency!

[Witten ’85] [Polchinski ’88] [Copeland,Myers,Polchinski ’05]



GRAVITATIONAL WAVES FROM COSMIC SUPERSTRINGS 

⇢strings =
µ

L2
<latexit sha1_base64="Tvsw3iepaiNAFTM6Di573Djm4n0=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASswm4QtBECNhYWEcwDsmuYncwmQ+axzMwKYdkvsPFXbCwUsbW282+cJFto4oELh3Pu5d57ooRRbTzv21lZXVvf2Cxtlbd3dvf23YPDtpapwqSFJZOqGyFNGBWkZahhpJsognjESCcaX039zgNRmkpxZyYJCTkaChpTjIyV+m41UCPZzwLFM20UFUOd5/ASBrFCOAt4mmc39/W871a8mjcDXCZ+QSqgQLPvfgUDiVNOhMEMad3zvcSEGVKGYkbycpBqkiA8RkPSs1QgTnSYzd7JYdUqAxhLZUsYOFN/T2SIaz3hke3kyIz0ojcV//N6qYkvwoyKJDVE4PmiOGXQSDjNBg6oItiwiSUIK2pvhXiEbBLGJli2IfiLLy+Tdr3mezX/9qzSaBRxlMAxOAGnwAfnoAGuQRO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8APkWc0w==</latexit><latexit sha1_base64="Tvsw3iepaiNAFTM6Di573Djm4n0=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASswm4QtBECNhYWEcwDsmuYncwmQ+axzMwKYdkvsPFXbCwUsbW282+cJFto4oELh3Pu5d57ooRRbTzv21lZXVvf2Cxtlbd3dvf23YPDtpapwqSFJZOqGyFNGBWkZahhpJsognjESCcaX039zgNRmkpxZyYJCTkaChpTjIyV+m41UCPZzwLFM20UFUOd5/ASBrFCOAt4mmc39/W871a8mjcDXCZ+QSqgQLPvfgUDiVNOhMEMad3zvcSEGVKGYkbycpBqkiA8RkPSs1QgTnSYzd7JYdUqAxhLZUsYOFN/T2SIaz3hke3kyIz0ojcV//N6qYkvwoyKJDVE4PmiOGXQSDjNBg6oItiwiSUIK2pvhXiEbBLGJli2IfiLLy+Tdr3mezX/9qzSaBRxlMAxOAGnwAfnoAGuQRO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8APkWc0w==</latexit><latexit sha1_base64="Tvsw3iepaiNAFTM6Di573Djm4n0=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASswm4QtBECNhYWEcwDsmuYncwmQ+axzMwKYdkvsPFXbCwUsbW282+cJFto4oELh3Pu5d57ooRRbTzv21lZXVvf2Cxtlbd3dvf23YPDtpapwqSFJZOqGyFNGBWkZahhpJsognjESCcaX039zgNRmkpxZyYJCTkaChpTjIyV+m41UCPZzwLFM20UFUOd5/ASBrFCOAt4mmc39/W871a8mjcDXCZ+QSqgQLPvfgUDiVNOhMEMad3zvcSEGVKGYkbycpBqkiA8RkPSs1QgTnSYzd7JYdUqAxhLZUsYOFN/T2SIaz3hke3kyIz0ojcV//N6qYkvwoyKJDVE4PmiOGXQSDjNBg6oItiwiSUIK2pvhXiEbBLGJli2IfiLLy+Tdr3mezX/9qzSaBRxlMAxOAGnwAfnoAGuQRO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8APkWc0w==</latexit><latexit sha1_base64="Tvsw3iepaiNAFTM6Di573Djm4n0=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASswm4QtBECNhYWEcwDsmuYncwmQ+axzMwKYdkvsPFXbCwUsbW282+cJFto4oELh3Pu5d57ooRRbTzv21lZXVvf2Cxtlbd3dvf23YPDtpapwqSFJZOqGyFNGBWkZahhpJsognjESCcaX039zgNRmkpxZyYJCTkaChpTjIyV+m41UCPZzwLFM20UFUOd5/ASBrFCOAt4mmc39/W871a8mjcDXCZ+QSqgQLPvfgUDiVNOhMEMad3zvcSEGVKGYkbycpBqkiA8RkPSs1QgTnSYzd7JYdUqAxhLZUsYOFN/T2SIaz3hke3kyIz0ojcV//N6qYkvwoyKJDVE4PmiOGXQSDjNBg6oItiwiSUIK2pvhXiEbBLGJli2IfiLLy+Tdr3mezX/9qzSaBRxlMAxOAGnwAfnoAGuQRO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8APkWc0w==</latexit>

L = ⇠t
<latexit sha1_base64="Oe5J7kVBPkEy7iuEluCnAPkq3yM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhYRDAfkhxhb7OXLNm9O3bnxHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRckUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUEW+gQMnbieZUBZK3gtH11G89cm1EHN3jOOG+ooNIhIJRtNLDLbki3SdBsFeuuFV3BrJMvJxUIEe9V/7q9mOWKh4hk9SYjucm6GdUo2CST0rd1PCEshEd8I6lEVXc+Nns4Ak5sUqfhLG2FSGZqb8nMqqMGavAdiqKQ7PoTcX/vE6K4aWfiShJkUdsvihMJcGYTL8nfaE5Qzm2hDIt7K2EDammDG1GJRuCt/jyMmmeVT236t2dV2q1PI4iHMExnIIHF1CDG6hDAxgoeIZXeHO08+K8Ox/z1oKTzxzCHzifP1Hij2w=</latexit><latexit sha1_base64="Oe5J7kVBPkEy7iuEluCnAPkq3yM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhYRDAfkhxhb7OXLNm9O3bnxHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRckUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUEW+gQMnbieZUBZK3gtH11G89cm1EHN3jOOG+ooNIhIJRtNLDLbki3SdBsFeuuFV3BrJMvJxUIEe9V/7q9mOWKh4hk9SYjucm6GdUo2CST0rd1PCEshEd8I6lEVXc+Nns4Ak5sUqfhLG2FSGZqb8nMqqMGavAdiqKQ7PoTcX/vE6K4aWfiShJkUdsvihMJcGYTL8nfaE5Qzm2hDIt7K2EDammDG1GJRuCt/jyMmmeVT236t2dV2q1PI4iHMExnIIHF1CDG6hDAxgoeIZXeHO08+K8Ox/z1oKTzxzCHzifP1Hij2w=</latexit><latexit sha1_base64="Oe5J7kVBPkEy7iuEluCnAPkq3yM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhYRDAfkhxhb7OXLNm9O3bnxHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRckUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUEW+gQMnbieZUBZK3gtH11G89cm1EHN3jOOG+ooNIhIJRtNLDLbki3SdBsFeuuFV3BrJMvJxUIEe9V/7q9mOWKh4hk9SYjucm6GdUo2CST0rd1PCEshEd8I6lEVXc+Nns4Ak5sUqfhLG2FSGZqb8nMqqMGavAdiqKQ7PoTcX/vE6K4aWfiShJkUdsvihMJcGYTL8nfaE5Qzm2hDIt7K2EDammDG1GJRuCt/jyMmmeVT236t2dV2q1PI4iHMExnIIHF1CDG6hDAxgoeIZXeHO08+K8Ox/z1oKTzxzCHzifP1Hij2w=</latexit><latexit sha1_base64="Oe5J7kVBPkEy7iuEluCnAPkq3yM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhYRDAfkhxhb7OXLNm9O3bnxHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRckUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUEW+gQMnbieZUBZK3gtH11G89cm1EHN3jOOG+ooNIhIJRtNLDLbki3SdBsFeuuFV3BrJMvJxUIEe9V/7q9mOWKh4hk9SYjucm6GdUo2CST0rd1PCEshEd8I6lEVXc+Nns4Ak5sUqfhLG2FSGZqb8nMqqMGavAdiqKQ7PoTcX/vE6K4aWfiShJkUdsvihMJcGYTL8nfaE5Qzm2hDIt7K2EDammDG1GJRuCt/jyMmmeVT236t2dV2q1PI4iHMExnIIHF1CDG6hDAxgoeIZXeHO08+K8Ox/z1oKTzxzCHzifP1Hij2w=</latexit>
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⌦GWh2 ⇠ f5
<latexit sha1_base64="HzoMsgN5LdRiAmS+XNL4bevgFog="></latexit><latexit sha1_base64="HzoMsgN5LdRiAmS+XNL4bevgFog="></latexit><latexit sha1_base64="HzoMsgN5LdRiAmS+XNL4bevgFog="></latexit><latexit sha1_base64="HzoMsgN5LdRiAmS+XNL4bevgFog="></latexit>

 

i)  Information on cosmic history                                
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loop production

redshift

oscillator  modes

energy in GWs

E.g. volume kination

ii) GW emission extended in time                            signal extends to low frequencies

Distinctive new pheno from time dependent tension                             µ(t)
<latexit sha1_base64="ER8eRKJvYMrzDypwK8XfsYVZUM4=">AAACHHicbVDLSgMxFM34rPU16tJNsAgVpGT60HZXcOOygn1AO5RMmrahmcyQZIQyzIe48VfcuFDEjQvBvzGddqGtBwIn59x7c3O8kDOlEfq21tY3Nre2MzvZ3b39g0P76LilgkgS2iQBD2THw4pyJmhTM81pJ5QU+x6nbW9yM/PbD1QqFoh7PQ2p6+ORYENGsDZS3y5B2POjfBz30lldOfLcGBVqNVR2apeoUEGoWL0yBJWK1Uol0Uly0bdz5p4CrhJnQXJggUbf/uwNAhL5VGjCsVJdB4XajbHUjHCaZHuRoiEmEzyiXUMF9qly43ShBJ4bZQCHgTRHaJiqvzti7Cs19T1T6WM9VsveTPzP60Z6WHVjJsJIU0HmDw0jDnUAZ0nBAZOUaD41BBPJzK6QjLHERJs8syYEZ/nLq6RVLDio4NyVc/X6Io4MOAVnIA8ccA3q4BY0QBMQ8AiewSt4s56sF+vd+piXrlmLnhPwB9bXD8GxnV4=</latexit><latexit sha1_base64="ER8eRKJvYMrzDypwK8XfsYVZUM4=">AAACHHicbVDLSgMxFM34rPU16tJNsAgVpGT60HZXcOOygn1AO5RMmrahmcyQZIQyzIe48VfcuFDEjQvBvzGddqGtBwIn59x7c3O8kDOlEfq21tY3Nre2MzvZ3b39g0P76LilgkgS2iQBD2THw4pyJmhTM81pJ5QU+x6nbW9yM/PbD1QqFoh7PQ2p6+ORYENGsDZS3y5B2POjfBz30lldOfLcGBVqNVR2apeoUEGoWL0yBJWK1Uol0Uly0bdz5p4CrhJnQXJggUbf/uwNAhL5VGjCsVJdB4XajbHUjHCaZHuRoiEmEzyiXUMF9qly43ShBJ4bZQCHgTRHaJiqvzti7Cs19T1T6WM9VsveTPzP60Z6WHVjJsJIU0HmDw0jDnUAZ0nBAZOUaD41BBPJzK6QjLHERJs8syYEZ/nLq6RVLDio4NyVc/X6Io4MOAVnIA8ccA3q4BY0QBMQ8AiewSt4s56sF+vd+piXrlmLnhPwB9bXD8GxnV4=</latexit><latexit sha1_base64="ER8eRKJvYMrzDypwK8XfsYVZUM4=">AAACHHicbVDLSgMxFM34rPU16tJNsAgVpGT60HZXcOOygn1AO5RMmrahmcyQZIQyzIe48VfcuFDEjQvBvzGddqGtBwIn59x7c3O8kDOlEfq21tY3Nre2MzvZ3b39g0P76LilgkgS2iQBD2THw4pyJmhTM81pJ5QU+x6nbW9yM/PbD1QqFoh7PQ2p6+ORYENGsDZS3y5B2POjfBz30lldOfLcGBVqNVR2apeoUEGoWL0yBJWK1Uol0Uly0bdz5p4CrhJnQXJggUbf/uwNAhL5VGjCsVJdB4XajbHUjHCaZHuRoiEmEzyiXUMF9qly43ShBJ4bZQCHgTRHaJiqvzti7Cs19T1T6WM9VsveTPzP60Z6WHVjJsJIU0HmDw0jDnUAZ0nBAZOUaD41BBPJzK6QjLHERJs8syYEZ/nLq6RVLDio4NyVc/X6Io4MOAVnIA8ccA3q4BY0QBMQ8AiewSt4s56sF+vd+piXrlmLnhPwB9bXD8GxnV4=</latexit><latexit sha1_base64="ER8eRKJvYMrzDypwK8XfsYVZUM4=">AAACHHicbVDLSgMxFM34rPU16tJNsAgVpGT60HZXcOOygn1AO5RMmrahmcyQZIQyzIe48VfcuFDEjQvBvzGddqGtBwIn59x7c3O8kDOlEfq21tY3Nre2MzvZ3b39g0P76LilgkgS2iQBD2THw4pyJmhTM81pJ5QU+x6nbW9yM/PbD1QqFoh7PQ2p6+ORYENGsDZS3y5B2POjfBz30lldOfLcGBVqNVR2apeoUEGoWL0yBJWK1Uol0Uly0bdz5p4CrhJnQXJggUbf/uwNAhL5VGjCsVJdB4XajbHUjHCaZHuRoiEmEzyiXUMF9qly43ShBJ4bZQCHgTRHaJiqvzti7Cs19T1T6WM9VsveTPzP60Z6WHVjJsJIU0HmDw0jDnUAZ0nBAZOUaD41BBPJzK6QjLHERJs8syYEZ/nLq6RVLDio4NyVc/X6Io4MOAVnIA8ccA3q4BY0QBMQ8AiewSt4s56sF+vd+piXrlmLnhPwB9bXD8GxnV4=</latexit>

Long strings Loops decay to GWs

[Ghoshal,FR,Villa’24]



Exotic epochs from ST: vast and unexplored territory 
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WHAT ABOUT THE DISTANCE CONJECTURE?

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

Distance conjecture: 

KK modes become light, but so do  

�� � 1
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light states 

Cutoff is adiabatic

KK modes above Hubble

Invalidate  EFT

Kinematics 

Dynamics
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GW FROM COSMIC STRINGS
[Ellis, Lewicki,Lin,Vaskonen ’23]

Different fits to Nanograv 
for cosmic superstrings

Gµ ⇠ 10�11 � 10�12
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Early matter domination up to BBN

For LVS treh ⇠ 1
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Predicts deviation!



THE BACKGROUND COSMOLOGY

Analytical treatment of  transition epochs

Eg: kination to  
radiation domination:

[Apers,Conlon,Copeland,Mosny,FR ’24]

Useful to analyse e.g. perturbations
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EQUATIONS OF MOTION
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<latexit sha1_base64="SEHKAFjmk4DYeoUrY98BI44bVSY="></latexit><latexit sha1_base64="SEHKAFjmk4DYeoUrY98BI44bVSY="></latexit><latexit sha1_base64="SEHKAFjmk4DYeoUrY98BI44bVSY="></latexit><latexit sha1_base64="SEHKAFjmk4DYeoUrY98BI44bVSY="></latexit>
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<latexit sha1_base64="PjW33ORiY/d6gmALsk+n63A7Sag="></latexit><latexit sha1_base64="PjW33ORiY/d6gmALsk+n63A7Sag="></latexit><latexit sha1_base64="PjW33ORiY/d6gmALsk+n63A7Sag="></latexit><latexit sha1_base64="PjW33ORiY/d6gmALsk+n63A7Sag="></latexit>

⇢̇� + 3�H⇢� = 0
<latexit sha1_base64="tUW37il7WkLU4bICAMx5gXK9X+E="></latexit><latexit sha1_base64="tUW37il7WkLU4bICAMx5gXK9X+E="></latexit><latexit sha1_base64="tUW37il7WkLU4bICAMx5gXK9X+E="></latexit><latexit sha1_base64="tUW37il7WkLU4bICAMx5gXK9X+E="></latexit>

(

<latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit>

Generic fluid: 
matter, radiation…

Gij,I = CI
�ij

(sI)2
V
�
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�
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NY

I=1

1

(sI)�I

<latexit sha1_base64="OKp1haVTmaehBvDtWaLn4Ltg/zY="></latexit><latexit sha1_base64="OKp1haVTmaehBvDtWaLn4Ltg/zY="></latexit><latexit sha1_base64="OKp1haVTmaehBvDtWaLn4Ltg/zY="></latexit><latexit sha1_base64="OKp1haVTmaehBvDtWaLn4Ltg/zY="></latexit>

Asymptotics of moduli space (large Vol, CS moduli…)

Simpler expressions, analytic treatment



DYNAMICAL SYSTEM REFORMULATION
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ȧi
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<latexit sha1_base64="y0jB9JmovMFz89SnjDEzDTtdyaY="></latexit><latexit sha1_base64="y0jB9JmovMFz89SnjDEzDTtdyaY="></latexit><latexit sha1_base64="y0jB9JmovMFz89SnjDEzDTtdyaY="></latexit><latexit sha1_base64="y0jB9JmovMFz89SnjDEzDTtdyaY="></latexit>

[Copeland,Liddle,Wands ’98], [Collinucci,Nielsen, Van Riet ’04]
[(Brinkmann),Cicoli,Dibitetto,Pedro’20 x2, 22],[Shiu,Tonioni,Tran ’23] x 3, [FR ’23]… 
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<latexit sha1_base64="uCb8OsN1U+W1fPUmgH+3i8umRC4="></latexit><latexit sha1_base64="uCb8OsN1U+W1fPUmgH+3i8umRC4="></latexit><latexit sha1_base64="uCb8OsN1U+W1fPUmgH+3i8umRC4="></latexit><latexit sha1_base64="uCb8OsN1U+W1fPUmgH+3i8umRC4="></latexit>
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<latexit sha1_base64="gGFl9LF/5Ebrm3Wg05o5YYLQljs="></latexit><latexit sha1_base64="gGFl9LF/5Ebrm3Wg05o5YYLQljs="></latexit><latexit sha1_base64="gGFl9LF/5Ebrm3Wg05o5YYLQljs="></latexit><latexit sha1_base64="gGFl9LF/5Ebrm3Wg05o5YYLQljs="></latexit>
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<latexit sha1_base64="J+CcOXQkO1cKFpE3545B5L9K9mg="></latexit><latexit sha1_base64="J+CcOXQkO1cKFpE3545B5L9K9mg="></latexit><latexit sha1_base64="J+CcOXQkO1cKFpE3545B5L9K9mg="></latexit><latexit sha1_base64="J+CcOXQkO1cKFpE3545B5L9K9mg="></latexit>
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<latexit sha1_base64="fLLHahnqxWuJB2A89J6FHUNVRQw="></latexit><latexit sha1_base64="fLLHahnqxWuJB2A89J6FHUNVRQw="></latexit><latexit sha1_base64="fLLHahnqxWuJB2A89J6FHUNVRQw="></latexit><latexit sha1_base64="fLLHahnqxWuJB2A89J6FHUNVRQw="></latexit>

(

<latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit>



COSMOLOGICAL PERTURBATIONS 1

Figure taken from [Baumann ’22] 

Most general metric and matter pert. + gauge  invariance

Newtonian gauge*: “Gravitational potential”

Gauge invariant variables (

<latexit sha1_base64="oU/0uc1ad1fXbnCzHbY+dA5ztLQ=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt2VunFZwT6gCWUynbRDJ5MwMxFK6Ee4caGIW7/HnX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+u5372nUrFY3OlpQv0IjwQLGcHaSF2vyUYjLxsUio59Wa1fVerIkFq1VK4siVNzkWs7CxRhhdag8O4NY5JGVGjCsVJ910m0n2GpGeF0lvdSRRNMJnhE+4YKHFHlZ4tzZ+jcKEMUxtKU0Gihfp/IcKTUNApMZ4T1WP325uJfXj/VYc3PmEhSTQVZLgpTjnSM5r+jIZOUaD41BBPJzK2IjLHERJuE8iaEr0/R/6RTsl3Hdm/LxUZzFUcOTuEMLsCFKjTgBlrQBgITeIAneLYS69F6sV6XrWvWauYEfsB6+wSsKo/L</latexit><latexit sha1_base64="oU/0uc1ad1fXbnCzHbY+dA5ztLQ=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt2VunFZwT6gCWUynbRDJ5MwMxFK6Ee4caGIW7/HnX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+u5372nUrFY3OlpQv0IjwQLGcHaSF2vyUYjLxsUio59Wa1fVerIkFq1VK4siVNzkWs7CxRhhdag8O4NY5JGVGjCsVJ910m0n2GpGeF0lvdSRRNMJnhE+4YKHFHlZ4tzZ+jcKEMUxtKU0Gihfp/IcKTUNApMZ4T1WP325uJfXj/VYc3PmEhSTQVZLgpTjnSM5r+jIZOUaD41BBPJzK2IjLHERJuE8iaEr0/R/6RTsl3Hdm/LxUZzFUcOTuEMLsCFKjTgBlrQBgITeIAneLYS69F6sV6XrWvWauYEfsB6+wSsKo/L</latexit><latexit sha1_base64="oU/0uc1ad1fXbnCzHbY+dA5ztLQ=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt2VunFZwT6gCWUynbRDJ5MwMxFK6Ee4caGIW7/HnX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+u5372nUrFY3OlpQv0IjwQLGcHaSF2vyUYjLxsUio59Wa1fVerIkFq1VK4siVNzkWs7CxRhhdag8O4NY5JGVGjCsVJ910m0n2GpGeF0lvdSRRNMJnhE+4YKHFHlZ4tzZ+jcKEMUxtKU0Gihfp/IcKTUNApMZ4T1WP325uJfXj/VYc3PmEhSTQVZLgpTjnSM5r+jIZOUaD41BBPJzK2IjLHERJuE8iaEr0/R/6RTsl3Hdm/LxUZzFUcOTuEMLsCFKjTgBlrQBgITeIAneLYS69F6sV6XrWvWauYEfsB6+wSsKo/L</latexit><latexit sha1_base64="oU/0uc1ad1fXbnCzHbY+dA5ztLQ=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt2VunFZwT6gCWUynbRDJ5MwMxFK6Ee4caGIW7/HnX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+u5372nUrFY3OlpQv0IjwQLGcHaSF2vyUYjLxsUio59Wa1fVerIkFq1VK4siVNzkWs7CxRhhdag8O4NY5JGVGjCsVJ910m0n2GpGeF0lvdSRRNMJnhE+4YKHFHlZ4tzZ+jcKEMUxtKU0Gihfp/IcKTUNApMZ4T1WP325uJfXj/VYc3PmEhSTQVZLgpTjnSM5r+jIZOUaD41BBPJzK2IjLHERJuE8iaEr0/R/6RTsl3Hdm/LxUZzFUcOTuEMLsCFKjTgBlrQBgITeIAneLYS69F6sV6XrWvWauYEfsB6+wSsKo/L</latexit>
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<latexit sha1_base64="rvKYurGq3thrn/V9IDfcqkLYeQs=">AAACMHicbZBdS8MwFIbT+TXnV9VLb4JDFITRiqA3wkBBLye4D1jLSNN0C0vTkqSDUfqTvPGn6I2CIt76K8y6Im7zQODJ+55Dcl4vZlQqy3ozSkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8nvjtERGSRvxBjWPihqjPaUAxUlrqmbfODWEKwSvoBALh1PHzqyMGUZY6HhJpjtnpqPB/peMZv2dWrZqVF1wEu4AqKKrRM58dP8JJSLjCDEnZta1YuSkSimJGsoqTSBIjPER90tXIUUikm+YLZ/BIKz4MIqEPVzBX/06kKJRyHHq6M0RqIOe9ifif101UcOmmlMeJIhxPHwoSBlUEJ+lBnwqCFRtrQFhQ/VeIB0gHo3TGFR2CPb/yIrTOarZVs+/Pq/V6EUcZHIBDcAJscAHq4A40QBNg8AhewDv4MJ6MV+PT+Jq2loxiZh/MlPH9AxOKq38=</latexit><latexit sha1_base64="rvKYurGq3thrn/V9IDfcqkLYeQs=">AAACMHicbZBdS8MwFIbT+TXnV9VLb4JDFITRiqA3wkBBLye4D1jLSNN0C0vTkqSDUfqTvPGn6I2CIt76K8y6Im7zQODJ+55Dcl4vZlQqy3ozSkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8nvjtERGSRvxBjWPihqjPaUAxUlrqmbfODWEKwSvoBALh1PHzqyMGUZY6HhJpjtnpqPB/peMZv2dWrZqVF1wEu4AqKKrRM58dP8JJSLjCDEnZta1YuSkSimJGsoqTSBIjPER90tXIUUikm+YLZ/BIKz4MIqEPVzBX/06kKJRyHHq6M0RqIOe9ifif101UcOmmlMeJIhxPHwoSBlUEJ+lBnwqCFRtrQFhQ/VeIB0gHo3TGFR2CPb/yIrTOarZVs+/Pq/V6EUcZHIBDcAJscAHq4A40QBNg8AhewDv4MJ6MV+PT+Jq2loxiZh/MlPH9AxOKq38=</latexit><latexit sha1_base64="rvKYurGq3thrn/V9IDfcqkLYeQs=">AAACMHicbZBdS8MwFIbT+TXnV9VLb4JDFITRiqA3wkBBLye4D1jLSNN0C0vTkqSDUfqTvPGn6I2CIt76K8y6Im7zQODJ+55Dcl4vZlQqy3ozSkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8nvjtERGSRvxBjWPihqjPaUAxUlrqmbfODWEKwSvoBALh1PHzqyMGUZY6HhJpjtnpqPB/peMZv2dWrZqVF1wEu4AqKKrRM58dP8JJSLjCDEnZta1YuSkSimJGsoqTSBIjPER90tXIUUikm+YLZ/BIKz4MIqEPVzBX/06kKJRyHHq6M0RqIOe9ifif101UcOmmlMeJIhxPHwoSBlUEJ+lBnwqCFRtrQFhQ/VeIB0gHo3TGFR2CPb/yIrTOarZVs+/Pq/V6EUcZHIBDcAJscAHq4A40QBNg8AhewDv4MJ6MV+PT+Jq2loxiZh/MlPH9AxOKq38=</latexit><latexit sha1_base64="rvKYurGq3thrn/V9IDfcqkLYeQs=">AAACMHicbZBdS8MwFIbT+TXnV9VLb4JDFITRiqA3wkBBLye4D1jLSNN0C0vTkqSDUfqTvPGn6I2CIt76K8y6Im7zQODJ+55Dcl4vZlQqy3ozSkvLK6tr5fXKxubW9o65u9eSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8nvjtERGSRvxBjWPihqjPaUAxUlrqmbfODWEKwSvoBALh1PHzqyMGUZY6HhJpjtnpqPB/peMZv2dWrZqVF1wEu4AqKKrRM58dP8JJSLjCDEnZta1YuSkSimJGsoqTSBIjPER90tXIUUikm+YLZ/BIKz4MIqEPVzBX/06kKJRyHHq6M0RqIOe9ifif101UcOmmlMeJIhxPHwoSBlUEJ+lBnwqCFRtrQFhQ/VeIB0gHo3TGFR2CPb/yIrTOarZVs+/Pq/V6EUcZHIBDcAJscAHq4A40QBNg8AhewDv4MJ6MV+PT+Jq2loxiZh/MlPH9AxOKq38=</latexit>

�
<latexit sha1_base64="y4haXuTBiDGU0zAncOOeb2NuZC8=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjVarjKMKZ3AOl+DDDbTgHtrQAQoxPMMrvCGJXtA7+li2VlA5cwp/gD5/AOIfjh0=</latexit><latexit sha1_base64="y4haXuTBiDGU0zAncOOeb2NuZC8=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjVarjKMKZ3AOl+DDDbTgHtrQAQoxPMMrvCGJXtA7+li2VlA5cwp/gD5/AOIfjh0=</latexit><latexit sha1_base64="y4haXuTBiDGU0zAncOOeb2NuZC8=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjVarjKMKZ3AOl+DDDbTgHtrQAQoxPMMrvCGJXtA7+li2VlA5cwp/gD5/AOIfjh0=</latexit><latexit sha1_base64="y4haXuTBiDGU0zAncOOeb2NuZC8=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjVarjKMKZ3AOl+DDDbTgHtrQAQoxPMMrvCGJXtA7+li2VlA5cwp/gD5/AOIfjh0=</latexit>

ds2 = a2(⌘)
⇥
�(1 + 2�)d⌘2 + (1� 2�)�ijdx

ixj
⇤

<latexit sha1_base64="eXlno6i1oHGXbf47dtbd1QKeMWE="></latexit><latexit sha1_base64="eXlno6i1oHGXbf47dtbd1QKeMWE="></latexit><latexit sha1_base64="eXlno6i1oHGXbf47dtbd1QKeMWE="></latexit><latexit sha1_base64="eXlno6i1oHGXbf47dtbd1QKeMWE="></latexit>

T 0
0 ⌘ �(⇢̄+ �⇢) T 0

i ⌘ (⇢̄+ P̄ )@iv T i
j ⌘ (P̄ + �P )�ij

<latexit sha1_base64="S5hDfUQiovPg8Tb81M7h+hkiO/o="></latexit><latexit sha1_base64="S5hDfUQiovPg8Tb81M7h+hkiO/o="></latexit><latexit sha1_base64="S5hDfUQiovPg8Tb81M7h+hkiO/o="></latexit><latexit sha1_base64="S5hDfUQiovPg8Tb81M7h+hkiO/o="></latexit>



COSMOLOGICAL PERTURBATIONS 2

r
2�� 3H (�0 +H�) =

a2

2M2
P

(�⇢k + �⇢p + �⇢f )

�00 + 3H�0 +
�
2H+H

2
�
� =

a2

2M2
P

(�⇢k � �⇢p + (� � 1)�⇢f )
<latexit sha1_base64="M9w21TbQIxXdNcsHTyy8WKVOSA4="></latexit><latexit sha1_base64="M9w21TbQIxXdNcsHTyy8WKVOSA4="></latexit><latexit sha1_base64="M9w21TbQIxXdNcsHTyy8WKVOSA4="></latexit><latexit sha1_base64="M9w21TbQIxXdNcsHTyy8WKVOSA4="></latexit>

��00
k + 2H��0

k + k2��k + �2a2
V (�)

M2
P

��k = 4�0�0
k + 2�a2

V (�)

MP
�k

<latexit sha1_base64="C50AS3CIzoIGrj0qupuWAOW+1vw="></latexit><latexit sha1_base64="C50AS3CIzoIGrj0qupuWAOW+1vw="></latexit><latexit sha1_base64="C50AS3CIzoIGrj0qupuWAOW+1vw="></latexit><latexit sha1_base64="C50AS3CIzoIGrj0qupuWAOW+1vw="></latexit>

Solve perturbed Einstein Eqs

+ scalar field EOMs

Sub-horizon Super-horizon

k⌘ � 1
<latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit>

k⌘ ⌧ 1
<latexit sha1_base64="OuoseeXsDxWwEKH7ztsUhHk2B7U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgadmNiUluAS8eIxgTyC5hdtJJhsw+mOkVwpLf8OJBEa/+jDf/xslDUNGChqKqm+6uIJFCo+N8WLm19Y3Nrfx2YWd3b/+geHh0p+NUcWjzWMaqGzANUkTQRoESuokCFgYSOsHkau537kFpEUe3OE3AD9koEkPBGRrJm1APkFFPSur2iyXHvqg1LqsNaki9Vq5Ul8Spu9S1nQVKZIVWv/juDWKehhAhl0zrnusk6GdMoeASZgUv1ZAwPmEj6BkasRC0ny1untEzowzoMFamIqQL9ftExkKtp2FgOkOGY/3bm4t/eb0Uh3U/E1GSIkR8uWiYSooxnQdAB0IBRzk1hHElzK2Uj5liHE1MBRPC16f0f3JXtl3Hdm8qpWZzFUeenJBTck5cUiNNck1apE04ScgDeSLPVmo9Wi/W67I1Z61mjskPWG+fHm+RFQ==</latexit><latexit sha1_base64="OuoseeXsDxWwEKH7ztsUhHk2B7U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgadmNiUluAS8eIxgTyC5hdtJJhsw+mOkVwpLf8OJBEa/+jDf/xslDUNGChqKqm+6uIJFCo+N8WLm19Y3Nrfx2YWd3b/+geHh0p+NUcWjzWMaqGzANUkTQRoESuokCFgYSOsHkau537kFpEUe3OE3AD9koEkPBGRrJm1APkFFPSur2iyXHvqg1LqsNaki9Vq5Ul8Spu9S1nQVKZIVWv/juDWKehhAhl0zrnusk6GdMoeASZgUv1ZAwPmEj6BkasRC0ny1untEzowzoMFamIqQL9ftExkKtp2FgOkOGY/3bm4t/eb0Uh3U/E1GSIkR8uWiYSooxnQdAB0IBRzk1hHElzK2Uj5liHE1MBRPC16f0f3JXtl3Hdm8qpWZzFUeenJBTck5cUiNNck1apE04ScgDeSLPVmo9Wi/W67I1Z61mjskPWG+fHm+RFQ==</latexit><latexit sha1_base64="OuoseeXsDxWwEKH7ztsUhHk2B7U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgadmNiUluAS8eIxgTyC5hdtJJhsw+mOkVwpLf8OJBEa/+jDf/xslDUNGChqKqm+6uIJFCo+N8WLm19Y3Nrfx2YWd3b/+geHh0p+NUcWjzWMaqGzANUkTQRoESuokCFgYSOsHkau537kFpEUe3OE3AD9koEkPBGRrJm1APkFFPSur2iyXHvqg1LqsNaki9Vq5Ul8Spu9S1nQVKZIVWv/juDWKehhAhl0zrnusk6GdMoeASZgUv1ZAwPmEj6BkasRC0ny1untEzowzoMFamIqQL9ftExkKtp2FgOkOGY/3bm4t/eb0Uh3U/E1GSIkR8uWiYSooxnQdAB0IBRzk1hHElzK2Uj5liHE1MBRPC16f0f3JXtl3Hdm8qpWZzFUeenJBTck5cUiNNck1apE04ScgDeSLPVmo9Wi/W67I1Z61mjskPWG+fHm+RFQ==</latexit><latexit sha1_base64="OuoseeXsDxWwEKH7ztsUhHk2B7U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgadmNiUluAS8eIxgTyC5hdtJJhsw+mOkVwpLf8OJBEa/+jDf/xslDUNGChqKqm+6uIJFCo+N8WLm19Y3Nrfx2YWd3b/+geHh0p+NUcWjzWMaqGzANUkTQRoESuokCFgYSOsHkau537kFpEUe3OE3AD9koEkPBGRrJm1APkFFPSur2iyXHvqg1LqsNaki9Vq5Ul8Spu9S1nQVKZIVWv/juDWKehhAhl0zrnusk6GdMoeASZgUv1ZAwPmEj6BkasRC0ny1untEzowzoMFamIqQL9ftExkKtp2FgOkOGY/3bm4t/eb0Uh3U/E1GSIkR8uWiYSooxnQdAB0IBRzk1hHElzK2Uj5liHE1MBRPC16f0f3JXtl3Hdm8qpWZzFUeenJBTck5cUiNNck1apE04ScgDeSLPVmo9Wi/W67I1Z61mjskPWG+fHm+RFQ==</latexit>

Analytic 
solutions



COSMOLOGICAL PERTURBATIONS - RESULTS 

�(⌘) '
C3 sin

⇣
k⌘p
3

⌘
+ C4 sin (k⌘ + C5)

a(⌘)2
� ' C3 sin

✓
k⌘p
3

◆
+ C4 sin (k⌘ + C5)

<latexit sha1_base64="aP7XPCDp2RZE2Z6HHRkps/PHGig="></latexit><latexit sha1_base64="aP7XPCDp2RZE2Z6HHRkps/PHGig="></latexit><latexit sha1_base64="aP7XPCDp2RZE2Z6HHRkps/PHGig="></latexit><latexit sha1_base64="aP7XPCDp2RZE2Z6HHRkps/PHGig="></latexit>

� ' C6a(⌘)
1
4

✓p
25�2�72

� �5

◆

⇠ a(⌘)�0.14 � ' C7a(⌘)
1
4

✓p
25�2�72

� �1

◆

⇠ a(⌘)0.86
<latexit sha1_base64="gX6Gn8Qs9xmQCQyfQO7wjz8LQlc="></latexit><latexit sha1_base64="gX6Gn8Qs9xmQCQyfQO7wjz8LQlc="></latexit><latexit sha1_base64="gX6Gn8Qs9xmQCQyfQO7wjz8LQlc="></latexit><latexit sha1_base64="gX6Gn8Qs9xmQCQyfQO7wjz8LQlc="></latexit>

Matter Tracker: 

+ various analytical results for transient epochs

k⌘ � 1
<latexit sha1_base64="XufqN10/dHPI+X5dZGMwtetNpcE=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFRItfewKblxWsA9oQplMJ+3QySTM3Agl9DfcuFDErT/jzr9x0hZR64ELh3Pu5d57gkRwDY7zaRU2Nre2d4q7pb39g8Oj8vFJV8epoqxDYxGrfkA0E1yyDnAQrJ8oRqJAsF4wvcn93gNTmsfyHmYJ8yMyljzklICRvCn2GBDsjcfYHZYrjt1sNtzrOs5JreZUsWs7C3yTClqhPSx/eKOYphGTQAXReuA6CfgZUcCpYPOSl2qWEDolYzYwVJKIaT9b3DzHF0YZ4TBWpiTghfpzIiOR1rMoMJ0RgYn+6+Xif94ghbDhZ1wmKTBJl4vCVGCIcR4AHnHFKIiZIYQqbm7FdEIUoWBiKpkQ1l5eJ90r23Vs965aabVWcRTRGTpHl8hFddRCt6iNOoiiBD2iZ/RipdaT9Wq9LVsL1mrmFP2C9f4F7tyQ9A==</latexit><latexit sha1_base64="XufqN10/dHPI+X5dZGMwtetNpcE=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFRItfewKblxWsA9oQplMJ+3QySTM3Agl9DfcuFDErT/jzr9x0hZR64ELh3Pu5d57gkRwDY7zaRU2Nre2d4q7pb39g8Oj8vFJV8epoqxDYxGrfkA0E1yyDnAQrJ8oRqJAsF4wvcn93gNTmsfyHmYJ8yMyljzklICRvCn2GBDsjcfYHZYrjt1sNtzrOs5JreZUsWs7C3yTClqhPSx/eKOYphGTQAXReuA6CfgZUcCpYPOSl2qWEDolYzYwVJKIaT9b3DzHF0YZ4TBWpiTghfpzIiOR1rMoMJ0RgYn+6+Xif94ghbDhZ1wmKTBJl4vCVGCIcR4AHnHFKIiZIYQqbm7FdEIUoWBiKpkQ1l5eJ90r23Vs965aabVWcRTRGTpHl8hFddRCt6iNOoiiBD2iZ/RipdaT9Wq9LVsL1mrmFP2C9f4F7tyQ9A==</latexit><latexit sha1_base64="XufqN10/dHPI+X5dZGMwtetNpcE=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFRItfewKblxWsA9oQplMJ+3QySTM3Agl9DfcuFDErT/jzr9x0hZR64ELh3Pu5d57gkRwDY7zaRU2Nre2d4q7pb39g8Oj8vFJV8epoqxDYxGrfkA0E1yyDnAQrJ8oRqJAsF4wvcn93gNTmsfyHmYJ8yMyljzklICRvCn2GBDsjcfYHZYrjt1sNtzrOs5JreZUsWs7C3yTClqhPSx/eKOYphGTQAXReuA6CfgZUcCpYPOSl2qWEDolYzYwVJKIaT9b3DzHF0YZ4TBWpiTghfpzIiOR1rMoMJ0RgYn+6+Xif94ghbDhZ1wmKTBJl4vCVGCIcR4AHnHFKIiZIYQqbm7FdEIUoWBiKpkQ1l5eJ90r23Vs965aabVWcRTRGTpHl8hFddRCt6iNOoiiBD2iZ/RipdaT9Wq9LVsL1mrmFP2C9f4F7tyQ9A==</latexit><latexit sha1_base64="XufqN10/dHPI+X5dZGMwtetNpcE=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFRItfewKblxWsA9oQplMJ+3QySTM3Agl9DfcuFDErT/jzr9x0hZR64ELh3Pu5d57gkRwDY7zaRU2Nre2d4q7pb39g8Oj8vFJV8epoqxDYxGrfkA0E1yyDnAQrJ8oRqJAsF4wvcn93gNTmsfyHmYJ8yMyljzklICRvCn2GBDsjcfYHZYrjt1sNtzrOs5JreZUsWs7C3yTClqhPSx/eKOYphGTQAXReuA6CfgZUcCpYPOSl2qWEDolYzYwVJKIaT9b3DzHF0YZ4TBWpiTghfpzIiOR1rMoMJ0RgYn+6+Xif94ghbDhZ1wmKTBJl4vCVGCIcR4AHnHFKIiZIYQqbm7FdEIUoWBiKpkQ1l5eJ90r23Vs965aabVWcRTRGTpHl8hFddRCt6iNOoiiBD2iZ/RipdaT9Wq9LVsL1mrmFP2C9f4F7tyQ9A==</latexit>

k⌘ � 1
<latexit sha1_base64="XufqN10/dHPI+X5dZGMwtetNpcE=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFRItfewKblxWsA9oQplMJ+3QySTM3Agl9DfcuFDErT/jzr9x0hZR64ELh3Pu5d57gkRwDY7zaRU2Nre2d4q7pb39g8Oj8vFJV8epoqxDYxGrfkA0E1yyDnAQrJ8oRqJAsF4wvcn93gNTmsfyHmYJ8yMyljzklICRvCn2GBDsjcfYHZYrjt1sNtzrOs5JreZUsWs7C3yTClqhPSx/eKOYphGTQAXReuA6CfgZUcCpYPOSl2qWEDolYzYwVJKIaT9b3DzHF0YZ4TBWpiTghfpzIiOR1rMoMJ0RgYn+6+Xif94ghbDhZ1wmKTBJl4vCVGCIcR4AHnHFKIiZIYQqbm7FdEIUoWBiKpkQ1l5eJ90r23Vs965aabVWcRTRGTpHl8hFddRCt6iNOoiiBD2iZ/RipdaT9Wq9LVsL1mrmFP2C9f4F7tyQ9A==</latexit><latexit sha1_base64="XufqN10/dHPI+X5dZGMwtetNpcE=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFRItfewKblxWsA9oQplMJ+3QySTM3Agl9DfcuFDErT/jzr9x0hZR64ELh3Pu5d57gkRwDY7zaRU2Nre2d4q7pb39g8Oj8vFJV8epoqxDYxGrfkA0E1yyDnAQrJ8oRqJAsF4wvcn93gNTmsfyHmYJ8yMyljzklICRvCn2GBDsjcfYHZYrjt1sNtzrOs5JreZUsWs7C3yTClqhPSx/eKOYphGTQAXReuA6CfgZUcCpYPOSl2qWEDolYzYwVJKIaT9b3DzHF0YZ4TBWpiTghfpzIiOR1rMoMJ0RgYn+6+Xif94ghbDhZ1wmKTBJl4vCVGCIcR4AHnHFKIiZIYQqbm7FdEIUoWBiKpkQ1l5eJ90r23Vs965aabVWcRTRGTpHl8hFddRCt6iNOoiiBD2iZ/RipdaT9Wq9LVsL1mrmFP2C9f4F7tyQ9A==</latexit><latexit sha1_base64="XufqN10/dHPI+X5dZGMwtetNpcE=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFRItfewKblxWsA9oQplMJ+3QySTM3Agl9DfcuFDErT/jzr9x0hZR64ELh3Pu5d57gkRwDY7zaRU2Nre2d4q7pb39g8Oj8vFJV8epoqxDYxGrfkA0E1yyDnAQrJ8oRqJAsF4wvcn93gNTmsfyHmYJ8yMyljzklICRvCn2GBDsjcfYHZYrjt1sNtzrOs5JreZUsWs7C3yTClqhPSx/eKOYphGTQAXReuA6CfgZUcCpYPOSl2qWEDolYzYwVJKIaT9b3DzHF0YZ4TBWpiTghfpzIiOR1rMoMJ0RgYn+6+Xif94ghbDhZ1wmKTBJl4vCVGCIcR4AHnHFKIiZIYQqbm7FdEIUoWBiKpkQ1l5eJ90r23Vs965aabVWcRTRGTpHl8hFddRCt6iNOoiiBD2iZ/RipdaT9Wq9LVsL1mrmFP2C9f4F7tyQ9A==</latexit><latexit sha1_base64="XufqN10/dHPI+X5dZGMwtetNpcE=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFRItfewKblxWsA9oQplMJ+3QySTM3Agl9DfcuFDErT/jzr9x0hZR64ELh3Pu5d57gkRwDY7zaRU2Nre2d4q7pb39g8Oj8vFJV8epoqxDYxGrfkA0E1yyDnAQrJ8oRqJAsF4wvcn93gNTmsfyHmYJ8yMyljzklICRvCn2GBDsjcfYHZYrjt1sNtzrOs5JreZUsWs7C3yTClqhPSx/eKOYphGTQAXReuA6CfgZUcCpYPOSl2qWEDolYzYwVJKIaT9b3DzHF0YZ4TBWpiTghfpzIiOR1rMoMJ0RgYn+6+Xif94ghbDhZ1wmKTBJl4vCVGCIcR4AHnHFKIiZIYQqbm7FdEIUoWBiKpkQ1l5eJ90r23Vs965aabVWcRTRGTpHl8hFddRCt6iNOoiiBD2iZ/RipdaT9Wq9LVsL1mrmFP2C9f4F7tyQ9A==</latexit>

Unlike matter domination, depends on 

LVSLVS

Very similar to radiation domination, O(1) diffRadiation Tracker:

�(⌘) =
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�(⌘) = � 2iHinf
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k⌘J1(k⌘)

J0 (k⌘0)
<latexit sha1_base64="DDsWsRxY4odO9AaJ35uranXxygU="></latexit><latexit sha1_base64="DDsWsRxY4odO9AaJ35uranXxygU="></latexit><latexit sha1_base64="DDsWsRxY4odO9AaJ35uranXxygU="></latexit><latexit sha1_base64="DDsWsRxY4odO9AaJ35uranXxygU="></latexit>

Kination: Very fast!

k⌘ � 1
<latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit>

k⌘ � 1
<latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit><latexit sha1_base64="HB8jMyDgqx7ef7vG0XAMXGQ8tJs=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0hqa9tbwYvHCtYWmlA22026dLMJuxuhhP4NLx4U8eqf8ea/cfshqOiDgcd7M8zMC1LOlHacD6uwtr6xuVXcLu3s7u0flA+P7lSSSUK7JOGJ7AdYUc4E7WqmOe2nkuI44LQXTK7mfu+eSsUScaunKfVjHAkWMoK1kbwJ8qjGyIsi5A7LFce+aLQu6y1kSLNRrdWXxGm6yLWdBSqwQmdYfvdGCcliKjThWKmB66Taz7HUjHA6K3mZoikmExzRgaECx1T5+eLmGTozygiFiTQlNFqo3ydyHCs1jQPTGWM9Vr+9ufiXN8h02PRzJtJMU0GWi8KMI52geQBoxCQlmk8NwUQycysiYywx0Samkgnh61P0P7mr2q5juze1Sru9iqMIJ3AK5+BCA9pwDR3oAoEUHuAJnq3MerRerNdla8FazRzDD1hvnw8ukQs=</latexit>

�
<latexit sha1_base64="ovjkXD3txH8g63F1jybxCBJHQIY=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasjUjra7ghuXFewD2qFkMpk2NPMgyQhl6Ee4caGIW7/HnX9j+hBU9EDgcM655N7jp4IrjfGHVVhb39jcKm6Xdnb39g/Kh0cdlWSSsjZNRCJ7PlFM8Ji1NdeC9VLJSOQL1vUn13O/e8+k4kl8p6cp8yIyinnIKdFG6g6EiQZkWK5gu9HANaeBsO1iXK1fGoIvqnXXRY6NF6jACq1h+X0QJDSLWKypIEr1HZxqLydScyrYrDTIFEsJnZAR6xsak4gpL1+sO0NnRglQmEjzYo0W6veJnERKTSPfJCOix+q3Nxf/8vqZDutezuM00yymy4/CTCCdoPntKOCSUS2mhhAqudkV0TGRhGrTUMmU8HUp+p90qraDbee2Vmm6qzqKcAKncA4OXEETbqAFbaAwgQd4gmcrtR6tF+t1GS1Yq5lj+AHr7ROnE4+8</latexit><latexit sha1_base64="ovjkXD3txH8g63F1jybxCBJHQIY=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasjUjra7ghuXFewD2qFkMpk2NPMgyQhl6Ee4caGIW7/HnX9j+hBU9EDgcM655N7jp4IrjfGHVVhb39jcKm6Xdnb39g/Kh0cdlWSSsjZNRCJ7PlFM8Ji1NdeC9VLJSOQL1vUn13O/e8+k4kl8p6cp8yIyinnIKdFG6g6EiQZkWK5gu9HANaeBsO1iXK1fGoIvqnXXRY6NF6jACq1h+X0QJDSLWKypIEr1HZxqLydScyrYrDTIFEsJnZAR6xsak4gpL1+sO0NnRglQmEjzYo0W6veJnERKTSPfJCOix+q3Nxf/8vqZDutezuM00yymy4/CTCCdoPntKOCSUS2mhhAqudkV0TGRhGrTUMmU8HUp+p90qraDbee2Vmm6qzqKcAKncA4OXEETbqAFbaAwgQd4gmcrtR6tF+t1GS1Yq5lj+AHr7ROnE4+8</latexit><latexit sha1_base64="ovjkXD3txH8g63F1jybxCBJHQIY=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasjUjra7ghuXFewD2qFkMpk2NPMgyQhl6Ee4caGIW7/HnX9j+hBU9EDgcM655N7jp4IrjfGHVVhb39jcKm6Xdnb39g/Kh0cdlWSSsjZNRCJ7PlFM8Ji1NdeC9VLJSOQL1vUn13O/e8+k4kl8p6cp8yIyinnIKdFG6g6EiQZkWK5gu9HANaeBsO1iXK1fGoIvqnXXRY6NF6jACq1h+X0QJDSLWKypIEr1HZxqLydScyrYrDTIFEsJnZAR6xsak4gpL1+sO0NnRglQmEjzYo0W6veJnERKTSPfJCOix+q3Nxf/8vqZDutezuM00yymy4/CTCCdoPntKOCSUS2mhhAqudkV0TGRhGrTUMmU8HUp+p90qraDbee2Vmm6qzqKcAKncA4OXEETbqAFbaAwgQd4gmcrtR6tF+t1GS1Yq5lj+AHr7ROnE4+8</latexit><latexit sha1_base64="ovjkXD3txH8g63F1jybxCBJHQIY=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasjUjra7ghuXFewD2qFkMpk2NPMgyQhl6Ee4caGIW7/HnX9j+hBU9EDgcM655N7jp4IrjfGHVVhb39jcKm6Xdnb39g/Kh0cdlWSSsjZNRCJ7PlFM8Ji1NdeC9VLJSOQL1vUn13O/e8+k4kl8p6cp8yIyinnIKdFG6g6EiQZkWK5gu9HANaeBsO1iXK1fGoIvqnXXRY6NF6jACq1h+X0QJDSLWKypIEr1HZxqLydScyrYrDTIFEsJnZAR6xsak4gpL1+sO0NnRglQmEjzYo0W6veJnERKTSPfJCOix+q3Nxf/8vqZDutezuM00yymy4/CTCCdoPntKOCSUS2mhhAqudkV0TGRhGrTUMmU8HUp+p90qraDbee2Vmm6qzqKcAKncA4OXEETbqAFbaAwgQd4gmcrtR6tF+t1GS1Yq5lj+AHr7ROnE4+8</latexit>

a(⌘) sin(k⌘), k⌘ � 1
<latexit sha1_base64="PuX5Dqpl67xCmoGbzLPEZrLdYH8="></latexit><latexit sha1_base64="PuX5Dqpl67xCmoGbzLPEZrLdYH8="></latexit><latexit sha1_base64="PuX5Dqpl67xCmoGbzLPEZrLdYH8="></latexit><latexit sha1_base64="PuX5Dqpl67xCmoGbzLPEZrLdYH8="></latexit>

a(⌘)4, k⌘ ⌧ 1
<latexit sha1_base64="XZWBgEksgtLMJRn9dR6Jc++TigU=">AAACGHicdVDLSgMxFM3UV62vqks3wSJUkDpTW9vuCm5cVrAP6IzlTiZtQzMPk4xQSj/Djb/ixoUibrvzb0wfgko9kHA451ySe9yIM6lM89NIrKyurW8kN1Nb2zu7e+n9g4YMY0FonYQ8FC0XJOUsoHXFFKetSFDwXU6b7uBq6jcfqJAsDG7VMKKOD72AdRkBpaVO+hyyNlVwelc4w/Z9DN6Se4CnEWxzjq1OOmPmLkqVy2IFa1Iu5QvFOTHLFrZy5gwZtECtk57YXkhinwaKcJCybZmRckYgFCOcjlN2LGkEZAA92tY0AJ9KZzRbbIxPtOLhbij0CRSeqT8nRuBLOfRdnfRB9eVfbyou89qx6padEQuiWNGAzB/qxhyrEE9bwh4TlCg+1ASIYPqvmPRBAFG6y5Qu4XtT/D9p5HOWmbNuCplqcVFHEh2hY5RFFiqhKrpGNVRHBD2iZ/SK3own48V4Nz7m0YSxmDlEv2BMvgDNNZ5b</latexit><latexit sha1_base64="XZWBgEksgtLMJRn9dR6Jc++TigU=">AAACGHicdVDLSgMxFM3UV62vqks3wSJUkDpTW9vuCm5cVrAP6IzlTiZtQzMPk4xQSj/Djb/ixoUibrvzb0wfgko9kHA451ySe9yIM6lM89NIrKyurW8kN1Nb2zu7e+n9g4YMY0FonYQ8FC0XJOUsoHXFFKetSFDwXU6b7uBq6jcfqJAsDG7VMKKOD72AdRkBpaVO+hyyNlVwelc4w/Z9DN6Se4CnEWxzjq1OOmPmLkqVy2IFa1Iu5QvFOTHLFrZy5gwZtECtk57YXkhinwaKcJCybZmRckYgFCOcjlN2LGkEZAA92tY0AJ9KZzRbbIxPtOLhbij0CRSeqT8nRuBLOfRdnfRB9eVfbyou89qx6padEQuiWNGAzB/qxhyrEE9bwh4TlCg+1ASIYPqvmPRBAFG6y5Qu4XtT/D9p5HOWmbNuCplqcVFHEh2hY5RFFiqhKrpGNVRHBD2iZ/SK3own48V4Nz7m0YSxmDlEv2BMvgDNNZ5b</latexit><latexit sha1_base64="XZWBgEksgtLMJRn9dR6Jc++TigU=">AAACGHicdVDLSgMxFM3UV62vqks3wSJUkDpTW9vuCm5cVrAP6IzlTiZtQzMPk4xQSj/Djb/ixoUibrvzb0wfgko9kHA451ySe9yIM6lM89NIrKyurW8kN1Nb2zu7e+n9g4YMY0FonYQ8FC0XJOUsoHXFFKetSFDwXU6b7uBq6jcfqJAsDG7VMKKOD72AdRkBpaVO+hyyNlVwelc4w/Z9DN6Se4CnEWxzjq1OOmPmLkqVy2IFa1Iu5QvFOTHLFrZy5gwZtECtk57YXkhinwaKcJCybZmRckYgFCOcjlN2LGkEZAA92tY0AJ9KZzRbbIxPtOLhbij0CRSeqT8nRuBLOfRdnfRB9eVfbyou89qx6padEQuiWNGAzB/qxhyrEE9bwh4TlCg+1ASIYPqvmPRBAFG6y5Qu4XtT/D9p5HOWmbNuCplqcVFHEh2hY5RFFiqhKrpGNVRHBD2iZ/SK3own48V4Nz7m0YSxmDlEv2BMvgDNNZ5b</latexit><latexit sha1_base64="XZWBgEksgtLMJRn9dR6Jc++TigU=">AAACGHicdVDLSgMxFM3UV62vqks3wSJUkDpTW9vuCm5cVrAP6IzlTiZtQzMPk4xQSj/Djb/ixoUibrvzb0wfgko9kHA451ySe9yIM6lM89NIrKyurW8kN1Nb2zu7e+n9g4YMY0FonYQ8FC0XJOUsoHXFFKetSFDwXU6b7uBq6jcfqJAsDG7VMKKOD72AdRkBpaVO+hyyNlVwelc4w/Z9DN6Se4CnEWxzjq1OOmPmLkqVy2IFa1Iu5QvFOTHLFrZy5gwZtECtk57YXkhinwaKcJCybZmRckYgFCOcjlN2LGkEZAA92tY0AJ9KZzRbbIxPtOLhbij0CRSeqT8nRuBLOfRdnfRB9eVfbyou89qx6padEQuiWNGAzB/qxhyrEE9bwh4TlCg+1ASIYPqvmPRBAFG6y5Qu4XtT/D9p5HOWmbNuCplqcVFHEh2hY5RFFiqhKrpGNVRHBD2iZ/SK3own48V4Nz7m0YSxmDlEv2BMvgDNNZ5b</latexit>


