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STRING THEORY FOR THE REAL WORLD
String Theory formulated in 10d: compactify down to 4

geometry 

 Vast “String Landscape” - How can one ever make predictions?
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physics of 

Universal features:

New particles: moduli, axions

Everything is dynamical

Extended objects: strings
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EXAMPLE 1 - NON STANDARD COSMOLOGY FROM STRINGS

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

Figure  from:

+ tracker epochs

Exotic cosmological epochs arising from rolling moduli and axions
[Apers,Conlon,Copeland,Mosny,FR ’24][Conlon,FR '22]



EXAMPLE 2- COSMIC SUPERSTRINGS
Macroscopic F- or D- strings, produced in brane annihilation
[Witten ’95][Polchisnki ’88][Copeland,Myers,Polchinski ’04]+…

Puzzle: 
p

Gµ =
ms

MP
. 10�6
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Very low  
string scale!

CMB, PTAs…

Two options: warping or LARGE volume ms ⇠
MPp
V
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V
<latexit sha1_base64="k7DsuTqQkOR3sC1CHjjg8zNxiaY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A0lMl00g6dZMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTKUw6LrfTmVjc2t7p7pb29s/ODyqH590jco04x2mpNL9kBouRcI7KFDyfqo5jUPJe+H0rvB7T1wboZJHnKU8iOk4EZFgFK3kD2KKE0Zl3p0P6w236S5A1olXkgaUaA/rX4ORYlnME2SSGuN7bopBTjUKJvm8NsgMTymb0jH3LU1ozE2QLyLPyYVVRiRS2r4EyUL9vZHT2JhZHNrJIqJZ9QrxP8/PMLoNcpGkGfKELT+KMklQkeJ+MhKaM5QzSyjTwmYlbEI1ZWhbqtkSvNWT10n3qum5Te/hutFqlXVU4QzO4RI8uIEW3EMbOsBAwTO8wpuDzovz7nwsRytOuXMKf+B8/gCPnZFq</latexit><latexit sha1_base64="k7DsuTqQkOR3sC1CHjjg8zNxiaY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A0lMl00g6dZMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTKUw6LrfTmVjc2t7p7pb29s/ODyqH590jco04x2mpNL9kBouRcI7KFDyfqo5jUPJe+H0rvB7T1wboZJHnKU8iOk4EZFgFK3kD2KKE0Zl3p0P6w236S5A1olXkgaUaA/rX4ORYlnME2SSGuN7bopBTjUKJvm8NsgMTymb0jH3LU1ozE2QLyLPyYVVRiRS2r4EyUL9vZHT2JhZHNrJIqJZ9QrxP8/PMLoNcpGkGfKELT+KMklQkeJ+MhKaM5QzSyjTwmYlbEI1ZWhbqtkSvNWT10n3qum5Te/hutFqlXVU4QzO4RI8uIEW3EMbOsBAwTO8wpuDzovz7nwsRytOuXMKf+B8/gCPnZFq</latexit><latexit sha1_base64="k7DsuTqQkOR3sC1CHjjg8zNxiaY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A0lMl00g6dZMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTKUw6LrfTmVjc2t7p7pb29s/ODyqH590jco04x2mpNL9kBouRcI7KFDyfqo5jUPJe+H0rvB7T1wboZJHnKU8iOk4EZFgFK3kD2KKE0Zl3p0P6w236S5A1olXkgaUaA/rX4ORYlnME2SSGuN7bopBTjUKJvm8NsgMTymb0jH3LU1ozE2QLyLPyYVVRiRS2r4EyUL9vZHT2JhZHNrJIqJZ9QrxP8/PMLoNcpGkGfKELT+KMklQkeJ+MhKaM5QzSyjTwmYlbEI1ZWhbqtkSvNWT10n3qum5Te/hutFqlXVU4QzO4RI8uIEW3EMbOsBAwTO8wpuDzovz7nwsRytOuXMKf+B8/gCPnZFq</latexit><latexit sha1_base64="k7DsuTqQkOR3sC1CHjjg8zNxiaY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A0lMl00g6dZMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTKUw6LrfTmVjc2t7p7pb29s/ODyqH590jco04x2mpNL9kBouRcI7KFDyfqo5jUPJe+H0rvB7T1wboZJHnKU8iOk4EZFgFK3kD2KKE0Zl3p0P6w236S5A1olXkgaUaA/rX4ORYlnME2SSGuN7bopBTjUKJvm8NsgMTymb0jH3LU1ozE2QLyLPyYVVRiRS2r4EyUL9vZHT2JhZHNrJIqJZ9QrxP8/PMLoNcpGkGfKELT+KMklQkeJ+MhKaM5QzSyjTwmYlbEI1ZWhbqtkSvNWT10n3qum5Te/hutFqlXVU4QzO4RI8uIEW3EMbOsBAwTO8wpuDzovz7nwsRytOuXMKf+B8/gCPnZFq</latexit>

Bonus: string tension can be 
 time-dependent!

Natural incarnation:  LVS

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



GRAVITATIONAL WAVES FROM COSMIC (SUPER-)STRINGS I

Long strings Loops

“Scaling” equilibrium
Gravitational waves

String tension

[Kibble ’85][Bennet ’86][Austin,Copeland,Kibble ’93] 
[Martins,Shellard ’96][Martins,Shellard ’02]+…

⌦strings ⇠ const
<latexit sha1_base64="lELd7IBgEF4cEZ4WJ7BXbcR5ijo=">AAACEXicbVA9SwNBEN2LXzF+nVraLAYhVbgTQcuAjZ0RzAfkQtjbbJIlu3vH7pwQjvsLNv4VGwtFbO3s/DfuJVdo4oOBx3szzMwLY8ENeN63U1pb39jcKm9Xdnb39g/cw6O2iRJNWYtGItLdkBgmuGIt4CBYN9aMyFCwTji9zv3OA9OGR+oeZjHrSzJWfMQpASsN3FpwK9mYDNI00BIb0FyNTZbhwHCJcy2lkTKQZQO36tW9OfAq8QtSRQWaA/crGEY0kUwBFcSYnu/F0E+JBk4FyypBYlhM6JSMWc9SRSQz/XT+UYbPrDLEo0jbUoDn6u+JlEhjZjK0nZLAxCx7ufif10tgdNVPuYoTYIouFo0SgSHCeTx4yDWjIGaWEKq5vRXTCdGEgg2xYkPwl19eJe3zuu/V/buLaqNRxFFGJ+gU1ZCPLlED3aAmaiGKHtEzekVvzpPz4rw7H4vWklPMHKM/cD5/AA3hnmk=</latexit><latexit sha1_base64="lELd7IBgEF4cEZ4WJ7BXbcR5ijo=">AAACEXicbVA9SwNBEN2LXzF+nVraLAYhVbgTQcuAjZ0RzAfkQtjbbJIlu3vH7pwQjvsLNv4VGwtFbO3s/DfuJVdo4oOBx3szzMwLY8ENeN63U1pb39jcKm9Xdnb39g/cw6O2iRJNWYtGItLdkBgmuGIt4CBYN9aMyFCwTji9zv3OA9OGR+oeZjHrSzJWfMQpASsN3FpwK9mYDNI00BIb0FyNTZbhwHCJcy2lkTKQZQO36tW9OfAq8QtSRQWaA/crGEY0kUwBFcSYnu/F0E+JBk4FyypBYlhM6JSMWc9SRSQz/XT+UYbPrDLEo0jbUoDn6u+JlEhjZjK0nZLAxCx7ufif10tgdNVPuYoTYIouFo0SgSHCeTx4yDWjIGaWEKq5vRXTCdGEgg2xYkPwl19eJe3zuu/V/buLaqNRxFFGJ+gU1ZCPLlED3aAmaiGKHtEzekVvzpPz4rw7H4vWklPMHKM/cD5/AA3hnmk=</latexit><latexit sha1_base64="lELd7IBgEF4cEZ4WJ7BXbcR5ijo=">AAACEXicbVA9SwNBEN2LXzF+nVraLAYhVbgTQcuAjZ0RzAfkQtjbbJIlu3vH7pwQjvsLNv4VGwtFbO3s/DfuJVdo4oOBx3szzMwLY8ENeN63U1pb39jcKm9Xdnb39g/cw6O2iRJNWYtGItLdkBgmuGIt4CBYN9aMyFCwTji9zv3OA9OGR+oeZjHrSzJWfMQpASsN3FpwK9mYDNI00BIb0FyNTZbhwHCJcy2lkTKQZQO36tW9OfAq8QtSRQWaA/crGEY0kUwBFcSYnu/F0E+JBk4FyypBYlhM6JSMWc9SRSQz/XT+UYbPrDLEo0jbUoDn6u+JlEhjZjK0nZLAxCx7ufif10tgdNVPuYoTYIouFo0SgSHCeTx4yDWjIGaWEKq5vRXTCdGEgg2xYkPwl19eJe3zuu/V/buLaqNRxFFGJ+gU1ZCPLlED3aAmaiGKHtEzekVvzpPz4rw7H4vWklPMHKM/cD5/AA3hnmk=</latexit><latexit sha1_base64="lELd7IBgEF4cEZ4WJ7BXbcR5ijo=">AAACEXicbVA9SwNBEN2LXzF+nVraLAYhVbgTQcuAjZ0RzAfkQtjbbJIlu3vH7pwQjvsLNv4VGwtFbO3s/DfuJVdo4oOBx3szzMwLY8ENeN63U1pb39jcKm9Xdnb39g/cw6O2iRJNWYtGItLdkBgmuGIt4CBYN9aMyFCwTji9zv3OA9OGR+oeZjHrSzJWfMQpASsN3FpwK9mYDNI00BIb0FyNTZbhwHCJcy2lkTKQZQO36tW9OfAq8QtSRQWaA/crGEY0kUwBFcSYnu/F0E+JBk4FyypBYlhM6JSMWc9SRSQz/XT+UYbPrDLEo0jbUoDn6u+JlEhjZjK0nZLAxCx7ufif10tgdNVPuYoTYIouFo0SgSHCeTx4yDWjIGaWEKq5vRXTCdGEgg2xYkPwl19eJe3zuu/V/buLaqNRxFFGJ+gU1ZCPLlED3aAmaiGKHtEzekVvzpPz4rw7H4vWklPMHKM/cD5/AA3hnmk=</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>

P (⇠ g2s)
<latexit sha1_base64="1sxs8nQbByTKxXISe4oSP18wL6M="></latexit><latexit sha1_base64="1sxs8nQbByTKxXISe4oSP18wL6M="></latexit><latexit sha1_base64="1sxs8nQbByTKxXISe4oSP18wL6M="></latexit><latexit sha1_base64="1sxs8nQbByTKxXISe4oSP18wL6M="></latexit>

Gµ(⇠ V�1)
<latexit sha1_base64="7d42nCRB/sSoiCHG2maOWRF1oBw="></latexit><latexit sha1_base64="7d42nCRB/sSoiCHG2maOWRF1oBw="></latexit><latexit sha1_base64="7d42nCRB/sSoiCHG2maOWRF1oBw="></latexit><latexit sha1_base64="7d42nCRB/sSoiCHG2maOWRF1oBw="></latexit>

set by:⌦GWh2
<latexit sha1_base64="cbPm9jrc3/QCDhpc596IWmZzjME=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkR9FjwoDcr2A9oY9hsp+3S3U3Y3RRK6D/x4kERr/4Tb/4bN20O2vpg4PHeDDPzooQzbTzv21lb39jc2i7tlHf39g8O3aPjlo5TRaFJYx6rTkQ0cCahaZjh0EkUEBFxaEfjm9xvT0BpFstHM00gEGQo2YBRYqwUum7vXsCQhNlte4ZHT7Vy6Fa8qjcHXiV+QSqoQCN0v3r9mKYCpKGcaN31vcQEGVGGUQ6zci/VkBA6JkPoWiqJAB1k88tn+NwqfTyIlS1p8Fz9PZERofVURLZTEDPSy14u/ud1UzO4DjImk9SApItFg5RjE+M8BtxnCqjhU0sIVczeiumIKEKNDSsPwV9+eZW0alXfq/oPl5V6vYijhE7RGbpAPrpCdXSHGqiJKJqgZ/SK3pzMeXHenY9F65pTzJygP3A+fwAeSZKl</latexit><latexit sha1_base64="cbPm9jrc3/QCDhpc596IWmZzjME=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkR9FjwoDcr2A9oY9hsp+3S3U3Y3RRK6D/x4kERr/4Tb/4bN20O2vpg4PHeDDPzooQzbTzv21lb39jc2i7tlHf39g8O3aPjlo5TRaFJYx6rTkQ0cCahaZjh0EkUEBFxaEfjm9xvT0BpFstHM00gEGQo2YBRYqwUum7vXsCQhNlte4ZHT7Vy6Fa8qjcHXiV+QSqoQCN0v3r9mKYCpKGcaN31vcQEGVGGUQ6zci/VkBA6JkPoWiqJAB1k88tn+NwqfTyIlS1p8Fz9PZERofVURLZTEDPSy14u/ud1UzO4DjImk9SApItFg5RjE+M8BtxnCqjhU0sIVczeiumIKEKNDSsPwV9+eZW0alXfq/oPl5V6vYijhE7RGbpAPrpCdXSHGqiJKJqgZ/SK3pzMeXHenY9F65pTzJygP3A+fwAeSZKl</latexit><latexit sha1_base64="cbPm9jrc3/QCDhpc596IWmZzjME=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkR9FjwoDcr2A9oY9hsp+3S3U3Y3RRK6D/x4kERr/4Tb/4bN20O2vpg4PHeDDPzooQzbTzv21lb39jc2i7tlHf39g8O3aPjlo5TRaFJYx6rTkQ0cCahaZjh0EkUEBFxaEfjm9xvT0BpFstHM00gEGQo2YBRYqwUum7vXsCQhNlte4ZHT7Vy6Fa8qjcHXiV+QSqoQCN0v3r9mKYCpKGcaN31vcQEGVGGUQ6zci/VkBA6JkPoWiqJAB1k88tn+NwqfTyIlS1p8Fz9PZERofVURLZTEDPSy14u/ud1UzO4DjImk9SApItFg5RjE+M8BtxnCqjhU0sIVczeiumIKEKNDSsPwV9+eZW0alXfq/oPl5V6vYijhE7RGbpAPrpCdXSHGqiJKJqgZ/SK3pzMeXHenY9F65pTzJygP3A+fwAeSZKl</latexit><latexit sha1_base64="cbPm9jrc3/QCDhpc596IWmZzjME=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkR9FjwoDcr2A9oY9hsp+3S3U3Y3RRK6D/x4kERr/4Tb/4bN20O2vpg4PHeDDPzooQzbTzv21lb39jc2i7tlHf39g8O3aPjlo5TRaFJYx6rTkQ0cCahaZjh0EkUEBFxaEfjm9xvT0BpFstHM00gEGQo2YBRYqwUum7vXsCQhNlte4ZHT7Vy6Fa8qjcHXiV+QSqoQCN0v3r9mKYCpKGcaN31vcQEGVGGUQ6zci/VkBA6JkPoWiqJAB1k88tn+NwqfTyIlS1p8Fz9PZERofVURLZTEDPSy14u/ud1UzO4DjImk9SApItFg5RjE+M8BtxnCqjhU0sIVczeiumIKEKNDSsPwV9+eZW0alXfq/oPl5V6vYijhE7RGbpAPrpCdXSHGqiJKJqgZ/SK3pzMeXHenY9F65pTzJygP3A+fwAeSZKl</latexit>

Intercomm. probability

+
<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>

Cosmic history Affected by moduli 

stochastic background



GRAVITATIONAL WAVES FROM COSMIC SUPERSTRINGS II
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II)  Information on cosmic history                                
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loop production
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oscillator  modes

energy in GWs

I) GW emission extended in time                            signal extends to low frequencies*

Long strings Loops decay to GWs

Background EOS affects slope
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Generalised framework for time-varying tension                                [FR,Villa ’24] 
[Ghoshal, FR,Villa ’25]



“STANDARD” LARGE VOLUME COMPACTIFICATION
Depends mostly on                           V, gs
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Precisely right values in LVS ballpark!                         

Standard
mΦ= 30 TeV
mΦ= 3 TeV
mΦ= 300 TeV
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Reheating from 
moduli decays

Amplitude fit 
to PTA data

[Ghoshal,FR,Villa ’25]

“stringy” parameters



EFFECT OF KINATION & VARYING TENSION
Fine tuned example: long kination, short matter domination                       

P=4 10-3, χ=0, β=1/2
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Enhanced decay rate for the volume

Growing tension  
+ kination

UHF band

[Cicoli,Hebecker,Jaeckel,Wittner ’22]
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[FR,Villa ’24] [Ghoshal, FR,Villa ’25]



OUTLOOK

Sharp predictions both in 
interferometer range and UHF

Computed GW spectra for cosmic superstrings in various scenarios:                          

Analytical  
+ numerical                       

time-dependent  
tension                    

Ballpark of realistic 
compactifications                      

Much more to explore:  
other time-dep. moduli, wrapped branes, backreaction on cosmology

Detailed understanding of 
turning points, slopes, etc

generic stringy prediction, also 
applicable for field theory strings

Long term : cosmic(super)string “GW-verse”?

[Brunelli,Cicoli,Pedro ’24-’25][Conlon,Copeland,Hardy,Sanchez-Gonzalez ’24-’25][Brunelli,FR,Villa WIP]
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WHAT IS NEW ?

Explicit embedding into realistic string compactification:

i) Naturally predicts low string tension

ii) Signal shape fixed by few string theoretic parameters

iii) Stringy cosmology

m� = O(1)⇥
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V
3/2g1/4s
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E.g. reheating through moduli decays

In LVS, length of matter domination epoch fixed by volume

P = 0.5g2s
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�

<latexit sha1_base64="sPMCz5R4asIMi4JfVF7jxA+Z8fc="></latexit><latexit sha1_base64="sPMCz5R4asIMi4JfVF7jxA+Z8fc="></latexit><latexit sha1_base64="sPMCz5R4asIMi4JfVF7jxA+Z8fc="></latexit><latexit sha1_base64="sPMCz5R4asIMi4JfVF7jxA+Z8fc="></latexit>

E.g. intercommutation probability

µ =
g1/2s

2V M2
P

<latexit sha1_base64="48aqHH2WD9kgSAYQT+SAuJEOKOY="></latexit><latexit sha1_base64="48aqHH2WD9kgSAYQT+SAuJEOKOY="></latexit><latexit sha1_base64="48aqHH2WD9kgSAYQT+SAuJEOKOY="></latexit><latexit sha1_base64="48aqHH2WD9kgSAYQT+SAuJEOKOY="></latexit>



STRINGS WITH VARYING TENSION
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<latexit sha1_base64="FUESPBbc7AsMBUFueLwinT4QTFU="></latexit><latexit sha1_base64="FUESPBbc7AsMBUFueLwinT4QTFU="></latexit><latexit sha1_base64="FUESPBbc7AsMBUFueLwinT4QTFU="></latexit><latexit sha1_base64="FUESPBbc7AsMBUFueLwinT4QTFU="></latexit>

Energy density

Momentum 

Energy density

Momentum 

String EOMs
He↵

<latexit sha1_base64="MS36Qy2ji1jVEJGtC5Gyh2mkeWk=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGC/YA2lM120i7dbOLuplBCfocXD4p49cd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTlt6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByP/c7U1Sax/LRzBL0IzqSPOSMGiv5jUGW9VVEMAzzfFCpujV3AbJOvIJUoUBzUPnqD2OWRigNE1Trnucmxs+oMpwJzMv9VGNC2YSOsGeppBFqP1scnZNLqwxJGCtb0pCF+nsio5HWsyiwnRE1Y73qzcX/vF5qwjs/4zJJDUq2XBSmgpiYzBMgQ66QGTGzhDLF7a2EjamizNicyjYEb/XlddK+rnluzXu4qdbrRRwlOIcLuAIPbqEODWhCCxg8wTO8wpszdV6cd+dj2brhFDNn8AfO5w/SV5Id</latexit><latexit sha1_base64="MS36Qy2ji1jVEJGtC5Gyh2mkeWk=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGC/YA2lM120i7dbOLuplBCfocXD4p49cd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTlt6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByP/c7U1Sax/LRzBL0IzqSPOSMGiv5jUGW9VVEMAzzfFCpujV3AbJOvIJUoUBzUPnqD2OWRigNE1Trnucmxs+oMpwJzMv9VGNC2YSOsGeppBFqP1scnZNLqwxJGCtb0pCF+nsio5HWsyiwnRE1Y73qzcX/vF5qwjs/4zJJDUq2XBSmgpiYzBMgQ66QGTGzhDLF7a2EjamizNicyjYEb/XlddK+rnluzXu4qdbrRRwlOIcLuAIPbqEODWhCCxg8wTO8wpszdV6cd+dj2brhFDNn8AfO5w/SV5Id</latexit><latexit sha1_base64="MS36Qy2ji1jVEJGtC5Gyh2mkeWk=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGC/YA2lM120i7dbOLuplBCfocXD4p49cd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTlt6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByP/c7U1Sax/LRzBL0IzqSPOSMGiv5jUGW9VVEMAzzfFCpujV3AbJOvIJUoUBzUPnqD2OWRigNE1Trnucmxs+oMpwJzMv9VGNC2YSOsGeppBFqP1scnZNLqwxJGCtb0pCF+nsio5HWsyiwnRE1Y73qzcX/vF5qwjs/4zJJDUq2XBSmgpiYzBMgQ66QGTGzhDLF7a2EjamizNicyjYEb/XlddK+rnluzXu4qdbrRRwlOIcLuAIPbqEODWhCCxg8wTO8wpszdV6cd+dj2brhFDNn8AfO5w/SV5Id</latexit><latexit sha1_base64="MS36Qy2ji1jVEJGtC5Gyh2mkeWk=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGC/YA2lM120i7dbOLuplBCfocXD4p49cd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTlt6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByP/c7U1Sax/LRzBL0IzqSPOSMGiv5jUGW9VVEMAzzfFCpujV3AbJOvIJUoUBzUPnqD2OWRigNE1Trnucmxs+oMpwJzMv9VGNC2YSOsGeppBFqP1scnZNLqwxJGCtb0pCF+nsio5HWsyiwnRE1Y73qzcX/vF5qwjs/4zJJDUq2XBSmgpiYzBMgQ66QGTGzhDLF7a2EjamizNicyjYEb/XlddK+rnluzXu4qdbrRRwlOIcLuAIPbqEODWhCCxg8wTO8wpszdV6cd+dj2brhFDNn8AfO5w/SV5Id</latexit>.<latexit sha1_base64="Sq0/o3dY1H9O6ig+hv59uwL51Us=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDalGwSW2DDcCu6lCGocCO+Hkbu53nlBpnsgHM00xiOlI8ogzaqzUdAfVmud6C5B14hekBgUag+pXf5iwLEZpmKBa93wvNUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K++vE7aV67vuX7zulavF3GU4QzO4RJ8uIE63EMDWsAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1d4yw</latexit><latexit sha1_base64="Sq0/o3dY1H9O6ig+hv59uwL51Us=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDalGwSW2DDcCu6lCGocCO+Hkbu53nlBpnsgHM00xiOlI8ogzaqzUdAfVmud6C5B14hekBgUag+pXf5iwLEZpmKBa93wvNUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K++vE7aV67vuX7zulavF3GU4QzO4RJ8uIE63EMDWsAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1d4yw</latexit><latexit sha1_base64="Sq0/o3dY1H9O6ig+hv59uwL51Us=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDalGwSW2DDcCu6lCGocCO+Hkbu53nlBpnsgHM00xiOlI8ogzaqzUdAfVmud6C5B14hekBgUag+pXf5iwLEZpmKBa93wvNUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K++vE7aV67vuX7zulavF3GU4QzO4RJ8uIE63EMDWsAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1d4yw</latexit><latexit sha1_base64="Sq0/o3dY1H9O6ig+hv59uwL51Us=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDalGwSW2DDcCu6lCGocCO+Hkbu53nlBpnsgHM00xiOlI8ogzaqzUdAfVmud6C5B14hekBgUag+pXf5iwLEZpmKBa93wvNUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K++vE7aV67vuX7zulavF3GU4QzO4RJ8uIE63EMDWsAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1d4yw</latexit>

[Emov, Ramazanov,Samanta ’21][Conlon,Copeland,Hardy,Sanchez-Gonzalez ’24-'25]

Modified network dynamics
[FR,Villa ’24]

Enhanced GW emission E.g. volume kination ⌦GWh2 ⇠ f4
<latexit sha1_base64="kGHI6qq5P9ie27tAEIRIm/uTAys="></latexit><latexit sha1_base64="kGHI6qq5P9ie27tAEIRIm/uTAys="></latexit><latexit sha1_base64="kGHI6qq5P9ie27tAEIRIm/uTAys="></latexit><latexit sha1_base64="kGHI6qq5P9ie27tAEIRIm/uTAys="></latexit>

[Ghoshal,FR,Villa ’24]

Relevant to any kind of string with varying tension: 
wrapped branes, axion or QFT strings 



ANALYTICAL ESTIMATES

Transition between two regimes

⇢(t) ⇠
⇢

a�m, t < t�
a�n, t � t�

, Gµ(t) ⇠
⇢

t�p, t < t�
t�q, t � t�

<latexit sha1_base64="Yi5cqbr1+I0aj7lpcmfm6VyXOt4="></latexit><latexit sha1_base64="Yi5cqbr1+I0aj7lpcmfm6VyXOt4="></latexit><latexit sha1_base64="Yi5cqbr1+I0aj7lpcmfm6VyXOt4="></latexit><latexit sha1_base64="Yi5cqbr1+I0aj7lpcmfm6VyXOt4="></latexit>

t�
<latexit sha1_base64="rCsZ3AnN+aYOWnimGrRc617BOXU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGgB48V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqP1Mu6tyiJTXvlilf15nBXiZ+TCuSo98pf3X7M0wgVccmM6fheQkHGNAkucVrqpgYTxsdsiB1LFYvQBNn84ql7ZpW+O4i1LUXuXP09kbHImEkU2s6I0cgsezPxP6+T0uA6yIRKUkLFF4sGqXQpdmfvu32hkZOcWMK4FvZWl4+YZpxsSCUbgr/88ippXlR9r+rfX1ZqtTyOIpzAKZyDD1dQgzuoQwM4KHiGV3hzjPPivDsfi9aCk88cwx84nz+4PpDt</latexit><latexit sha1_base64="rCsZ3AnN+aYOWnimGrRc617BOXU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGgB48V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqP1Mu6tyiJTXvlilf15nBXiZ+TCuSo98pf3X7M0wgVccmM6fheQkHGNAkucVrqpgYTxsdsiB1LFYvQBNn84ql7ZpW+O4i1LUXuXP09kbHImEkU2s6I0cgsezPxP6+T0uA6yIRKUkLFF4sGqXQpdmfvu32hkZOcWMK4FvZWl4+YZpxsSCUbgr/88ippXlR9r+rfX1ZqtTyOIpzAKZyDD1dQgzuoQwM4KHiGV3hzjPPivDsfi9aCk88cwx84nz+4PpDt</latexit><latexit sha1_base64="rCsZ3AnN+aYOWnimGrRc617BOXU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGgB48V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqP1Mu6tyiJTXvlilf15nBXiZ+TCuSo98pf3X7M0wgVccmM6fheQkHGNAkucVrqpgYTxsdsiB1LFYvQBNn84ql7ZpW+O4i1LUXuXP09kbHImEkU2s6I0cgsezPxP6+T0uA6yIRKUkLFF4sGqXQpdmfvu32hkZOcWMK4FvZWl4+YZpxsSCUbgr/88ippXlR9r+rfX1ZqtTyOIpzAKZyDD1dQgzuoQwM4KHiGV3hzjPPivDsfi9aCk88cwx84nz+4PpDt</latexit><latexit sha1_base64="rCsZ3AnN+aYOWnimGrRc617BOXU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGgB48V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqP1Mu6tyiJTXvlilf15nBXiZ+TCuSo98pf3X7M0wgVccmM6fheQkHGNAkucVrqpgYTxsdsiB1LFYvQBNn84ql7ZpW+O4i1LUXuXP09kbHImEkU2s6I0cgsezPxP6+T0uA6yIRKUkLFF4sGqXQpdmfvu32hkZOcWMK4FvZWl4+YZpxsSCUbgr/88ippXlR9r+rfX1ZqtTyOIpzAKZyDD1dQgzuoQwM4KHiGV3hzjPPivDsfi9aCk88cwx84nz+4PpDt</latexit>

Loops can form 
t < t�

t � t�<latexit sha1_base64="etRbaeAD+AfB39Kxt8KFBTMnl+c=">AAACC3icbVA9SwNBEN3zM8avU0ubJUGwCnciaGER0MIygvmA3BH2NpNkyd6Hu3NCONLb+FdsLBSx9Q/Y+W/cJFfExAcDj/dmmJkXJFJodJwfa2V1bX1js7BV3N7Z3du3Dw4bOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQyvJ37zEZQWcXSPowT8kPUj0ROcoZE6dgnpFcVO5t2ARDb2vCJSrw8Pc1rHLjsVZwq6TNyclEmOWsf+9roxT0OIkEumddt1EvQzplBwCeOil2pIGB+yPrQNjVgI2s+mv4zpiVG6tBcrUxHSqTo/kbFQ61EYmM6Q4UAvehPxP6+dYu/Sz0SUpAgRny3qpZJiTCfB0K5QwFGODGFcCXMr5QOmGEcTX9GE4C6+vEwaZxXXqbh35+VqNY+jQI5JiZwSl1yQKrklNVInnDyRF/JG3q1n69X6sD5nrStWPnNE/sD6+gWSOZoe</latexit><latexit sha1_base64="etRbaeAD+AfB39Kxt8KFBTMnl+c=">AAACC3icbVA9SwNBEN3zM8avU0ubJUGwCnciaGER0MIygvmA3BH2NpNkyd6Hu3NCONLb+FdsLBSx9Q/Y+W/cJFfExAcDj/dmmJkXJFJodJwfa2V1bX1js7BV3N7Z3du3Dw4bOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQyvJ37zEZQWcXSPowT8kPUj0ROcoZE6dgnpFcVO5t2ARDb2vCJSrw8Pc1rHLjsVZwq6TNyclEmOWsf+9roxT0OIkEumddt1EvQzplBwCeOil2pIGB+yPrQNjVgI2s+mv4zpiVG6tBcrUxHSqTo/kbFQ61EYmM6Q4UAvehPxP6+dYu/Sz0SUpAgRny3qpZJiTCfB0K5QwFGODGFcCXMr5QOmGEcTX9GE4C6+vEwaZxXXqbh35+VqNY+jQI5JiZwSl1yQKrklNVInnDyRF/JG3q1n69X6sD5nrStWPnNE/sD6+gWSOZoe</latexit><latexit sha1_base64="etRbaeAD+AfB39Kxt8KFBTMnl+c=">AAACC3icbVA9SwNBEN3zM8avU0ubJUGwCnciaGER0MIygvmA3BH2NpNkyd6Hu3NCONLb+FdsLBSx9Q/Y+W/cJFfExAcDj/dmmJkXJFJodJwfa2V1bX1js7BV3N7Z3du3Dw4bOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQyvJ37zEZQWcXSPowT8kPUj0ROcoZE6dgnpFcVO5t2ARDb2vCJSrw8Pc1rHLjsVZwq6TNyclEmOWsf+9roxT0OIkEumddt1EvQzplBwCeOil2pIGB+yPrQNjVgI2s+mv4zpiVG6tBcrUxHSqTo/kbFQ61EYmM6Q4UAvehPxP6+dYu/Sz0SUpAgRny3qpZJiTCfB0K5QwFGODGFcCXMr5QOmGEcTX9GE4C6+vEwaZxXXqbh35+VqNY+jQI5JiZwSl1yQKrklNVInnDyRF/JG3q1n69X6sD5nrStWPnNE/sD6+gWSOZoe</latexit><latexit sha1_base64="etRbaeAD+AfB39Kxt8KFBTMnl+c=">AAACC3icbVA9SwNBEN3zM8avU0ubJUGwCnciaGER0MIygvmA3BH2NpNkyd6Hu3NCONLb+FdsLBSx9Q/Y+W/cJFfExAcDj/dmmJkXJFJodJwfa2V1bX1js7BV3N7Z3du3Dw4bOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQyvJ37zEZQWcXSPowT8kPUj0ROcoZE6dgnpFcVO5t2ARDb2vCJSrw8Pc1rHLjsVZwq6TNyclEmOWsf+9roxT0OIkEumddt1EvQzplBwCeOil2pIGB+yPrQNjVgI2s+mv4zpiVG6tBcrUxHSqTo/kbFQ61EYmM6Q4UAvehPxP6+dYu/Sz0SUpAgRny3qpZJiTCfB0K5QwFGODGFcCXMr5QOmGEcTX9GE4C6+vEwaZxXXqbh35+VqNY+jQI5JiZwSl1yQKrklNVInnDyRF/JG3q1n69X6sD5nrStWPnNE/sD6+gWSOZoe</latexit>

and emit
t < t�

t � t�<latexit sha1_base64="etRbaeAD+AfB39Kxt8KFBTMnl+c=">AAACC3icbVA9SwNBEN3zM8avU0ubJUGwCnciaGER0MIygvmA3BH2NpNkyd6Hu3NCONLb+FdsLBSx9Q/Y+W/cJFfExAcDj/dmmJkXJFJodJwfa2V1bX1js7BV3N7Z3du3Dw4bOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQyvJ37zEZQWcXSPowT8kPUj0ROcoZE6dgnpFcVO5t2ARDb2vCJSrw8Pc1rHLjsVZwq6TNyclEmOWsf+9roxT0OIkEumddt1EvQzplBwCeOil2pIGB+yPrQNjVgI2s+mv4zpiVG6tBcrUxHSqTo/kbFQ61EYmM6Q4UAvehPxP6+dYu/Sz0SUpAgRny3qpZJiTCfB0K5QwFGODGFcCXMr5QOmGEcTX9GE4C6+vEwaZxXXqbh35+VqNY+jQI5JiZwSl1yQKrklNVInnDyRF/JG3q1n69X6sD5nrStWPnNE/sD6+gWSOZoe</latexit><latexit sha1_base64="etRbaeAD+AfB39Kxt8KFBTMnl+c=">AAACC3icbVA9SwNBEN3zM8avU0ubJUGwCnciaGER0MIygvmA3BH2NpNkyd6Hu3NCONLb+FdsLBSx9Q/Y+W/cJFfExAcDj/dmmJkXJFJodJwfa2V1bX1js7BV3N7Z3du3Dw4bOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQyvJ37zEZQWcXSPowT8kPUj0ROcoZE6dgnpFcVO5t2ARDb2vCJSrw8Pc1rHLjsVZwq6TNyclEmOWsf+9roxT0OIkEumddt1EvQzplBwCeOil2pIGB+yPrQNjVgI2s+mv4zpiVG6tBcrUxHSqTo/kbFQ61EYmM6Q4UAvehPxP6+dYu/Sz0SUpAgRny3qpZJiTCfB0K5QwFGODGFcCXMr5QOmGEcTX9GE4C6+vEwaZxXXqbh35+VqNY+jQI5JiZwSl1yQKrklNVInnDyRF/JG3q1n69X6sD5nrStWPnNE/sD6+gWSOZoe</latexit><latexit sha1_base64="etRbaeAD+AfB39Kxt8KFBTMnl+c=">AAACC3icbVA9SwNBEN3zM8avU0ubJUGwCnciaGER0MIygvmA3BH2NpNkyd6Hu3NCONLb+FdsLBSx9Q/Y+W/cJFfExAcDj/dmmJkXJFJodJwfa2V1bX1js7BV3N7Z3du3Dw4bOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQyvJ37zEZQWcXSPowT8kPUj0ROcoZE6dgnpFcVO5t2ARDb2vCJSrw8Pc1rHLjsVZwq6TNyclEmOWsf+9roxT0OIkEumddt1EvQzplBwCeOil2pIGB+yPrQNjVgI2s+mv4zpiVG6tBcrUxHSqTo/kbFQ61EYmM6Q4UAvehPxP6+dYu/Sz0SUpAgRny3qpZJiTCfB0K5QwFGODGFcCXMr5QOmGEcTX9GE4C6+vEwaZxXXqbh35+VqNY+jQI5JiZwSl1yQKrklNVInnDyRF/JG3q1n69X6sD5nrStWPnNE/sD6+gWSOZoe</latexit><latexit sha1_base64="etRbaeAD+AfB39Kxt8KFBTMnl+c=">AAACC3icbVA9SwNBEN3zM8avU0ubJUGwCnciaGER0MIygvmA3BH2NpNkyd6Hu3NCONLb+FdsLBSx9Q/Y+W/cJFfExAcDj/dmmJkXJFJodJwfa2V1bX1js7BV3N7Z3du3Dw4bOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQyvJ37zEZQWcXSPowT8kPUj0ROcoZE6dgnpFcVO5t2ARDb2vCJSrw8Pc1rHLjsVZwq6TNyclEmOWsf+9roxT0OIkEumddt1EvQzplBwCeOil2pIGB+yPrQNjVgI2s+mv4zpiVG6tBcrUxHSqTo/kbFQ61EYmM6Q4UAvehPxP6+dYu/Sz0SUpAgRny3qpZJiTCfB0K5QwFGODGFcCXMr5QOmGEcTX9GE4C6+vEwaZxXXqbh35+VqNY+jQI5JiZwSl1yQKrklNVInnDyRF/JG3q1n69X6sD5nrStWPnNE/sD6+gWSOZoe</latexit>

Need to understand which times dominate integrals

Kination to Tracker 
early times dominate h2⌦(1)
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<latexit sha1_base64="VIl/NDvqPohqI3XpfJbGD6PfNJU="></latexit><latexit sha1_base64="VIl/NDvqPohqI3XpfJbGD6PfNJU="></latexit><latexit sha1_base64="VIl/NDvqPohqI3XpfJbGD6PfNJU="></latexit><latexit sha1_base64="VIl/NDvqPohqI3XpfJbGD6PfNJU="></latexit>



LARGE VOLUME SCENARIO (LVS)

�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> �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>

V (�)
<latexit sha1_base64="I4gcJ68hSvCJKBgZ5RcnM17QXTc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiFT0WvHisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZv7nSeujYjVI04T7kd0pEQoGEUrddrVfnMsLgfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjrZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5P2Vc1za95DvdK4zuMowhmcQxU8uIEG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9PF47X</latexit><latexit sha1_base64="I4gcJ68hSvCJKBgZ5RcnM17QXTc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiFT0WvHisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZv7nSeujYjVI04T7kd0pEQoGEUrddrVfnMsLgfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjrZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5P2Vc1za95DvdK4zuMowhmcQxU8uIEG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9PF47X</latexit><latexit sha1_base64="I4gcJ68hSvCJKBgZ5RcnM17QXTc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiFT0WvHisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZv7nSeujYjVI04T7kd0pEQoGEUrddrVfnMsLgfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjrZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5P2Vc1za95DvdK4zuMowhmcQxU8uIEG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9PF47X</latexit><latexit sha1_base64="I4gcJ68hSvCJKBgZ5RcnM17QXTc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiFT0WvHisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZv7nSeujYjVI04T7kd0pEQoGEUrddrVfnMsLgfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjrZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5P2Vc1za95DvdK4zuMowhmcQxU8uIEG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9PF47X</latexit>

Setting: Type IIB flux compactifications

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

Simple EFT for volume modulus      + axion

Vmin ⇠ e1/gs
<latexit sha1_base64="9gmB+DEhn/3JKBUKQfx4ELViFKs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmkiAkGCuxMBaJPqQmRI7rtlZtJ7IdpMrKH7DwKywMIMTKysbf4LQZoOVIVzo6517de0+cMqq05307S8srq2vrlY3q5tb2zq67t99WSSYxaeGEJbIbI0UYFaSlqWakm0qCeMxIJx5fF37ngUhFE3GnJykJORoKOqAYaStF7knAkR5hxEw7j4wJJIecijyHgaIcknvjnw0jlUduzat7U8BF4pekBko0I/cr6Cc440RozJBSPd9LdWiQ1BQzkleDTJEU4TEakp6lAnGiQjP9J4fHVunDQSJtCQ2n6u8Jg7hSEx7bzuJ6Ne8V4n9eL9ODq9BQkWaaCDxbNMgY1AkswoF9KgnWbGIJwpLaWyEeIYmwthFWbQj+/MuLpH1e9726f3tRazTKOCrgEByBU+CDS9AAN6AJWgCDR/AMXsGb8+S8OO/Ox6x1ySlnDsAfOJ8/WEic0A==</latexit><latexit sha1_base64="9gmB+DEhn/3JKBUKQfx4ELViFKs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmkiAkGCuxMBaJPqQmRI7rtlZtJ7IdpMrKH7DwKywMIMTKysbf4LQZoOVIVzo6517de0+cMqq05307S8srq2vrlY3q5tb2zq67t99WSSYxaeGEJbIbI0UYFaSlqWakm0qCeMxIJx5fF37ngUhFE3GnJykJORoKOqAYaStF7knAkR5hxEw7j4wJJIecijyHgaIcknvjnw0jlUduzat7U8BF4pekBko0I/cr6Cc440RozJBSPd9LdWiQ1BQzkleDTJEU4TEakp6lAnGiQjP9J4fHVunDQSJtCQ2n6u8Jg7hSEx7bzuJ6Ne8V4n9eL9ODq9BQkWaaCDxbNMgY1AkswoF9KgnWbGIJwpLaWyEeIYmwthFWbQj+/MuLpH1e9726f3tRazTKOCrgEByBU+CDS9AAN6AJWgCDR/AMXsGb8+S8OO/Ox6x1ySlnDsAfOJ8/WEic0A==</latexit><latexit sha1_base64="9gmB+DEhn/3JKBUKQfx4ELViFKs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmkiAkGCuxMBaJPqQmRI7rtlZtJ7IdpMrKH7DwKywMIMTKysbf4LQZoOVIVzo6517de0+cMqq05307S8srq2vrlY3q5tb2zq67t99WSSYxaeGEJbIbI0UYFaSlqWakm0qCeMxIJx5fF37ngUhFE3GnJykJORoKOqAYaStF7knAkR5hxEw7j4wJJIecijyHgaIcknvjnw0jlUduzat7U8BF4pekBko0I/cr6Cc440RozJBSPd9LdWiQ1BQzkleDTJEU4TEakp6lAnGiQjP9J4fHVunDQSJtCQ2n6u8Jg7hSEx7bzuJ6Ne8V4n9eL9ODq9BQkWaaCDxbNMgY1AkswoF9KgnWbGIJwpLaWyEeIYmwthFWbQj+/MuLpH1e9726f3tRazTKOCrgEByBU+CDS9AAN6AJWgCDR/AMXsGb8+S8OO/Ox6x1ySlnDsAfOJ8/WEic0A==</latexit><latexit sha1_base64="9gmB+DEhn/3JKBUKQfx4ELViFKs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmkiAkGCuxMBaJPqQmRI7rtlZtJ7IdpMrKH7DwKywMIMTKysbf4LQZoOVIVzo6517de0+cMqq05307S8srq2vrlY3q5tb2zq67t99WSSYxaeGEJbIbI0UYFaSlqWakm0qCeMxIJx5fF37ngUhFE3GnJykJORoKOqAYaStF7knAkR5hxEw7j4wJJIecijyHgaIcknvjnw0jlUduzat7U8BF4pekBko0I/cr6Cc440RozJBSPd9LdWiQ1BQzkleDTJEU4TEakp6lAnGiQjP9J4fHVunDQSJtCQ2n6u8Jg7hSEx7bzuJ6Ne8V4n9eL9ODq9BQkWaaCDxbNMgY1AkswoF9KgnWbGIJwpLaWyEeIYmwthFWbQj+/MuLpH1e9726f3tRazTKOCrgEByBU+CDS9AAN6AJWgCDR/AMXsGb8+S8OO/Ox6x1ySlnDsAfOJ8/WEic0A==</latexit>
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<latexit sha1_base64="HsqBx3aSnxSNTaNql/FfXPfuUMo="></latexit><latexit sha1_base64="HsqBx3aSnxSNTaNql/FfXPfuUMo="></latexit><latexit sha1_base64="HsqBx3aSnxSNTaNql/FfXPfuUMo="></latexit><latexit sha1_base64="HsqBx3aSnxSNTaNql/FfXPfuUMo="></latexit>

uplift to dS

generates hierarchies

�
<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>


