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FROM STRINGS TO THINGS

 Vast String Landscape - how can one ever make predictions?

Universal features:

New particles: moduli, axions, dark photons

 Couplings are dynamical

Extended objects: strings, branes

Recent discussion in [Sen’ 25]

Connections between String Pheno, Swampland & Cosmology

Can emit GWs

Can affect background cosmology



COSMOLOGY INGREDIENTS



COSMIC (SUPER-)STRING NETWORKS

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 



GRAVITATIONAL WAVES FROM COSMIC STRINGS

dE

dt
= �Gµ2

<latexit sha1_base64="hRLPMad7UlKBmM51j3uhVmP9Cjg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZIuhGKIrUZQV7gc5YMmmmDU0yQ5IRyjAP4cZXceNCEbcu3Pk2pu0I2vpD4OM/53By/iBmVGnH+bIWFpeWV1YLa8X1jc2tbXtnt6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwc11v3RCoaiVs9ionPUV/QkGKkjdW1j71QIpymnuSwl8Gr7Ad1Bs+hV0OcI1iDHk/uKl275JSdieA8uDmUQK561/70ehFOOBEaM6RUx3Vi7adIaooZyYpeokiM8BD1ScegQJwoP50clcFD4/RgGEnzhIYT9/dEirhSIx6YTo70QM3WxuZ/tU6iwzM/pSJONBF4uihMGNQRHCcEe1QSrNnIAMKSmr9CPEAmJW1yLJoQ3NmT56FZKbtO2b05KVUv8jgKYB8cgCPgglNQBdegDhoAgwfwBF7Aq/VoPVtv1vu0dcHKZ/bAH1kf3y/AnZk=</latexit><latexit sha1_base64="hRLPMad7UlKBmM51j3uhVmP9Cjg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZIuhGKIrUZQV7gc5YMmmmDU0yQ5IRyjAP4cZXceNCEbcu3Pk2pu0I2vpD4OM/53By/iBmVGnH+bIWFpeWV1YLa8X1jc2tbXtnt6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwc11v3RCoaiVs9ionPUV/QkGKkjdW1j71QIpymnuSwl8Gr7Ad1Bs+hV0OcI1iDHk/uKl275JSdieA8uDmUQK561/70ehFOOBEaM6RUx3Vi7adIaooZyYpeokiM8BD1ScegQJwoP50clcFD4/RgGEnzhIYT9/dEirhSIx6YTo70QM3WxuZ/tU6iwzM/pSJONBF4uihMGNQRHCcEe1QSrNnIAMKSmr9CPEAmJW1yLJoQ3NmT56FZKbtO2b05KVUv8jgKYB8cgCPgglNQBdegDhoAgwfwBF7Aq/VoPVtv1vu0dcHKZ/bAH1kf3y/AnZk=</latexit><latexit sha1_base64="hRLPMad7UlKBmM51j3uhVmP9Cjg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZIuhGKIrUZQV7gc5YMmmmDU0yQ5IRyjAP4cZXceNCEbcu3Pk2pu0I2vpD4OM/53By/iBmVGnH+bIWFpeWV1YLa8X1jc2tbXtnt6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwc11v3RCoaiVs9ionPUV/QkGKkjdW1j71QIpymnuSwl8Gr7Ad1Bs+hV0OcI1iDHk/uKl275JSdieA8uDmUQK561/70ehFOOBEaM6RUx3Vi7adIaooZyYpeokiM8BD1ScegQJwoP50clcFD4/RgGEnzhIYT9/dEirhSIx6YTo70QM3WxuZ/tU6iwzM/pSJONBF4uihMGNQRHCcEe1QSrNnIAMKSmr9CPEAmJW1yLJoQ3NmT56FZKbtO2b05KVUv8jgKYB8cgCPgglNQBdegDhoAgwfwBF7Aq/VoPVtv1vu0dcHKZ/bAH1kf3y/AnZk=</latexit><latexit sha1_base64="hRLPMad7UlKBmM51j3uhVmP9Cjg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZIuhGKIrUZQV7gc5YMmmmDU0yQ5IRyjAP4cZXceNCEbcu3Pk2pu0I2vpD4OM/53By/iBmVGnH+bIWFpeWV1YLa8X1jc2tbXtnt6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwc11v3RCoaiVs9ionPUV/QkGKkjdW1j71QIpymnuSwl8Gr7Ad1Bs+hV0OcI1iDHk/uKl275JSdieA8uDmUQK561/70ehFOOBEaM6RUx3Vi7adIaooZyYpeokiM8BD1ScegQJwoP50clcFD4/RgGEnzhIYT9/dEirhSIx6YTo70QM3WxuZ/tU6iwzM/pSJONBF4uihMGNQRHCcEe1QSrNnIAMKSmr9CPEAmJW1yLJoQ3NmT56FZKbtO2b05KVUv8jgKYB8cgCPgglNQBdegDhoAgwfwBF7Aq/VoPVtv1vu0dcHKZ/bAH1kf3y/AnZk=</latexit>

 

II)  Information on cosmic history                                
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loop production

redshift

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

⇢ ⇠ µ

t2
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STRING THEORY INGREDIENTS



LOW ENERGY IMPRINTS: MODULI & AXIONS

THE universal prediction: moduli and axions

Zero modes of  10d fields Massless scalars in 4d

saxion axionmetric higher forms

<latexit sha1_base64="s/TMqzdDFA4RaRR8yhrpvZC6Thw="></latexit>

gµ⌫ , Bµ⌫ , Cµ⌫ , Cµ⌫⇢�

<latexit sha1_base64="NhVh9wnWRPK7/7DjpIY5xUjfNsg="></latexit>

�i = 'i + iai

Examples:

cycle volumes

overall volume



NON STANDARD COSMOLOGY FROM MODULI

Figure adapted from [Cicoli,Conlon,Maharana,Quevedo,Parameswaran,Zavala ’23]

+ tracker epochs

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

Varying tension!

(+ string loop trackers?)See Cicoli talk



STRINGS & WRAPPED BRANES

Wrapped branesF-strings

4d strings
10d p-brane wrapping (p-1)cycle

10d strings in non-compact dimensions

(Upper bound on) QG cutof
<latexit sha1_base64="z1VBP4LrzEbcP5iMq3SijTOXt/w="></latexit>�����
1

⇤s

d⇤s

dt

�����  H

p
d� 1

[Martucci,Risso,Valenti,Vecchi ’24] 
[Grieco,Ruiz,Valenzuela ’25]

<latexit sha1_base64="UICJKVFLE5LMJr5qZQTN55hmmf4="></latexit>

µF1 ⌘ m2
s =

gs1/2M2
P,4

4⇡V
Can change also at fixed overall volume

<latexit sha1_base64="9INX9uKbRWOj71wzLmskziZNz+s="></latexit>

µDp ⇠ m2
s

gs
V⌃

where 

[Brunelli,FR,Villa ’25]

[Brunelli,Cicoli,Pedro ’25 x2]

<latexit sha1_base64="HndMvnIljNB+Zbb+Ua+ZhXx6yqk=">AAACAHicbVBNS8NAFNzUr1q/oh48eFksgqeSFKkeC148eKhga6GJYbPZtEt3k7D7IpTSi3/FiwdFvPozvPlv3LY5aOvAwjAzj7dvwkxwDY7zbZVWVtfWN8qbla3tnd09e/+go9NcUdamqUhVNySaCZ6wNnAQrJspRmQo2H04vJr6949MaZ4mdzDKmC9JP+ExpwSMFNhHnsyx1weTkNi7MYMRCfRDPbCrTs2ZAS8TtyBVVKAV2F9elNJcsgSoIFr3XCcDf0wUcCrYpOLlmmWEDkmf9QxNiGTaH88OmOBTo0Q4TpV5CeCZ+ntiTKTWIxmapCQw0IveVPzP6+UQX/pjnmQ5sITOF8W5wJDiaRs44opRECNDCFXc/BXTAVGEgumsYkpwF09eJp16zW3UGrfn1WazqKOMjtEJOkMuukBNdI1aqI0omqBn9IrerCfrxXq3PubRklXMHKI/sD5/AADAlgk=</latexit>

µ & ⇤2
s

“Swampy” bounds



STRINGS WITH VARYING TENSION
<latexit sha1_base64="jEZxNJOI4vXaD/AQaRQQQi9jLLE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEitJuSiFSXBTcuK9gLNCFMptN26EwS51IooSs3voobF4q49Rnc+TZO2iy09YeBj/+cw5nzhwmjUjnOt1VYW9/Y3Cpul3Z29/YP7MOjtoy1wKSFYxaLbogkYTQiLUUVI91EEMRDRjrh+CardyZESBpH92qaEJ+jYUQHFCNlrMA+9biGHnnQdAIzrHgTJJIRDWhFVauBXXZqzlxwFdwcyiBXM7C/vH6MNSeRwgxJ2XOdRPkpEopiRmYlT0uSIDxGQ9IzGCFOpJ/Oz5jBc+P04SAW5kUKzt3fEyniUk55aDo5UiO5XMvM/2o9rQbXfkqjRCsS4cWigWZQxTDLBPapIFixqQGEBTV/hXiEBMLKJFcyIbjLJ69C+6Lm1mv1u8tyo5HHUQQn4AxUgAuuQAPcgiZoAQwewTN4BW/Wk/VivVsfi9aClc8cgz+yPn8ArryX/A==</latexit>

µ ⌘ µ('i(t)) time dependence from moduli

Affects GW emission
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µ ⇠ t�q a(t) ⇠ t2/n

<latexit sha1_base64="y7+i9RnUbEJTNstIPguumglov2I="></latexit>

⌦GW = ⌦GW,0

✓
f

f0

◆A

, A ⌘ 2


1 +

qn� 2

n� 2

�

for D3’s, NS5’s in   
type IIB compactifications

<latexit sha1_base64="N774IINe0hixiZBqJ2EjkqEXUbA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvHisaD+gDWWznbRLN5u4uxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8MOME/YgOJA85o8ZK94/XXq9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7QheIsvL5PmecWrVqp3F+VaLY+jAMdwAmfgwSXU4Bbq0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8A0EWNgA==</latexit>

q = 1

A becomes independent of background!

General bound
<latexit sha1_base64="j1GeJQatCfiVLGtrVDdzOsRgVNA=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgiCWpEjtseLFYwX7AW0pm+2mXbrZxN2NUEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPizhT2nG+rdzK6tr6Rn6zsLW9s7tn7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNb6Z+65FKxUJxrycR7QV4KJjPCNZG6ttH16jL6QMqn6OuLzFJqmkiLspp3y46JWcGtEzcjBQhQ71vf3UHIYkDKjThWKmO60S6l2CpGeE0LXRjRSNMxnhIO4YKHFDVS2YPpOjUKAPkh9KU0Gim/p5IcKDUJPBMZ4D1SC16U/E/rxNrv9pLmIhiTQWZL/JjjnSIpmmgAZOUaD4xBBPJzK2IjLDJQZvMCiYEd/HlZdIsl9xKqXJ3WazVsjjycAwncAYuXEENbqEODSCQwjO8wpv1ZL1Y79bHvDVnZTOH8AfW5w+TXZUj</latexit>

A  2 +
8

n� 2

[Brunelli,FR,Villa ’25]
(Assumptions TBD)



PUTTING EVERYTHING TOGETHER: 
“CONCRETE” SCENARIOS



COSMIC STRINGS IN THE REAL WORLD
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 (V)
<latexit sha1_base64="tV24QxYt9vTV9Wt0CySey0S6wCg=">AAAB9XicbVBNSwMxFHypX7V+VT16CRahXsquCHosePFYwW4L7VqyabYNzWaXJKuUpf/DiwdFvPpfvPlvzLZ70NaBwDDzHm8yQSK4No7zjUpr6xubW+Xtys7u3v5B9fDI03GqKGvTWMSqGxDNBJesbbgRrJsoRqJAsE4wucn9ziNTmsfy3kwT5kdkJHnIKTFWevDq/YiYMSUi82bng2rNaThz4FXiFqQGBVqD6ld/GNM0YtJQQbTuuU5i/Iwow6lgs0o/1SwhdEJGrGepJBHTfjZPPcNnVhniMFb2SYPn6u+NjERaT6PATuYZ9bKXi/95vdSE137GZZIaJuniUJgKbGKcV4CHXDFqxNQSQhW3WTEdE0WosUVVbAnu8pdXiXfRcJ2Ge3dZazaLOspwAqdQBxeuoAm30II2UFDwDK/whp7QC3pHH4vREip2juEP0OcPBoeSLw==</latexit><latexit sha1_base64="tV24QxYt9vTV9Wt0CySey0S6wCg=">AAAB9XicbVBNSwMxFHypX7V+VT16CRahXsquCHosePFYwW4L7VqyabYNzWaXJKuUpf/DiwdFvPpfvPlvzLZ70NaBwDDzHm8yQSK4No7zjUpr6xubW+Xtys7u3v5B9fDI03GqKGvTWMSqGxDNBJesbbgRrJsoRqJAsE4wucn9ziNTmsfy3kwT5kdkJHnIKTFWevDq/YiYMSUi82bng2rNaThz4FXiFqQGBVqD6ld/GNM0YtJQQbTuuU5i/Iwow6lgs0o/1SwhdEJGrGepJBHTfjZPPcNnVhniMFb2SYPn6u+NjERaT6PATuYZ9bKXi/95vdSE137GZZIaJuniUJgKbGKcV4CHXDFqxNQSQhW3WTEdE0WosUVVbAnu8pdXiXfRcJ2Ge3dZazaLOspwAqdQBxeuoAm30II2UFDwDK/whp7QC3pHH4vREip2juEP0OcPBoeSLw==</latexit><latexit sha1_base64="tV24QxYt9vTV9Wt0CySey0S6wCg=">AAAB9XicbVBNSwMxFHypX7V+VT16CRahXsquCHosePFYwW4L7VqyabYNzWaXJKuUpf/DiwdFvPpfvPlvzLZ70NaBwDDzHm8yQSK4No7zjUpr6xubW+Xtys7u3v5B9fDI03GqKGvTWMSqGxDNBJesbbgRrJsoRqJAsE4wucn9ziNTmsfy3kwT5kdkJHnIKTFWevDq/YiYMSUi82bng2rNaThz4FXiFqQGBVqD6ld/GNM0YtJQQbTuuU5i/Iwow6lgs0o/1SwhdEJGrGepJBHTfjZPPcNnVhniMFb2SYPn6u+NjERaT6PATuYZ9bKXi/95vdSE137GZZIaJuniUJgKbGKcV4CHXDFqxNQSQhW3WTEdE0WosUVVbAnu8pdXiXfRcJ2Ge3dZazaLOspwAqdQBxeuoAm30II2UFDwDK/whp7QC3pHH4vREip2juEP0OcPBoeSLw==</latexit><latexit sha1_base64="tV24QxYt9vTV9Wt0CySey0S6wCg=">AAAB9XicbVBNSwMxFHypX7V+VT16CRahXsquCHosePFYwW4L7VqyabYNzWaXJKuUpf/DiwdFvPpfvPlvzLZ70NaBwDDzHm8yQSK4No7zjUpr6xubW+Xtys7u3v5B9fDI03GqKGvTWMSqGxDNBJesbbgRrJsoRqJAsE4wucn9ziNTmsfy3kwT5kdkJHnIKTFWevDq/YiYMSUi82bng2rNaThz4FXiFqQGBVqD6ld/GNM0YtJQQbTuuU5i/Iwow6lgs0o/1SwhdEJGrGepJBHTfjZPPcNnVhniMFb2SYPn6u+NjERaT6PATuYZ9bKXi/95vdSE137GZZIaJuniUJgKbGKcV4CHXDFqxNQSQhW3WTEdE0WosUVVbAnu8pdXiXfRcJ2Ge3dZazaLOspwAqdQBxeuoAm30II2UFDwDK/whp7QC3pHH4vREip2juEP0OcPBoeSLw==</latexit>

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] 



VANILLA LVS - CONSTANT TENSION

Depends only on                           V, gs
<latexit sha1_base64="TX6frooCtC0XiDmHcr1vzeH3v48=">AAAB+HicbVDLSgMxFL3xWeujoy7dBIvgQsqMCLosuHFZwT6gHYZMmmlDM5khyQh16Je4caGIWz/FnX9jpp2Fth4IHM65l3tywlRwbVz3G62tb2xubVd2qrt7+wc15/Coo5NMUdamiUhULySaCS5Z23AjWC9VjMShYN1wclv43UemNE/kg5mmzI/JSPKIU2KsFDi1QUzMmBKRd2YXo0AHTt1tuHPgVeKVpA4lWoHzNRgmNIuZNFQQrfuemxo/J8pwKtisOsg0SwmdkBHrWypJzLSfz4PP8JlVhjhKlH3S4Ln6eyMnsdbTOLSTRUy97BXif14/M9GNn3OZZoZJujgUZQKbBBct4CFXjBoxtYRQxW1WTMdEEWpsV1Vbgrf85VXSuWx4bsO7v6o3m2UdFTiBUzgHD66hCXfQgjZQyOAZXuENPaEX9I4+FqNrqNw5hj9Anz/MQJMo</latexit><latexit sha1_base64="TX6frooCtC0XiDmHcr1vzeH3v48=">AAAB+HicbVDLSgMxFL3xWeujoy7dBIvgQsqMCLosuHFZwT6gHYZMmmlDM5khyQh16Je4caGIWz/FnX9jpp2Fth4IHM65l3tywlRwbVz3G62tb2xubVd2qrt7+wc15/Coo5NMUdamiUhULySaCS5Z23AjWC9VjMShYN1wclv43UemNE/kg5mmzI/JSPKIU2KsFDi1QUzMmBKRd2YXo0AHTt1tuHPgVeKVpA4lWoHzNRgmNIuZNFQQrfuemxo/J8pwKtisOsg0SwmdkBHrWypJzLSfz4PP8JlVhjhKlH3S4Ln6eyMnsdbTOLSTRUy97BXif14/M9GNn3OZZoZJujgUZQKbBBct4CFXjBoxtYRQxW1WTMdEEWpsV1Vbgrf85VXSuWx4bsO7v6o3m2UdFTiBUzgHD66hCXfQgjZQyOAZXuENPaEX9I4+FqNrqNw5hj9Anz/MQJMo</latexit><latexit sha1_base64="TX6frooCtC0XiDmHcr1vzeH3v48=">AAAB+HicbVDLSgMxFL3xWeujoy7dBIvgQsqMCLosuHFZwT6gHYZMmmlDM5khyQh16Je4caGIWz/FnX9jpp2Fth4IHM65l3tywlRwbVz3G62tb2xubVd2qrt7+wc15/Coo5NMUdamiUhULySaCS5Z23AjWC9VjMShYN1wclv43UemNE/kg5mmzI/JSPKIU2KsFDi1QUzMmBKRd2YXo0AHTt1tuHPgVeKVpA4lWoHzNRgmNIuZNFQQrfuemxo/J8pwKtisOsg0SwmdkBHrWypJzLSfz4PP8JlVhjhKlH3S4Ln6eyMnsdbTOLSTRUy97BXif14/M9GNn3OZZoZJujgUZQKbBBct4CFXjBoxtYRQxW1WTMdEEWpsV1Vbgrf85VXSuWx4bsO7v6o3m2UdFTiBUzgHD66hCXfQgjZQyOAZXuENPaEX9I4+FqNrqNw5hj9Anz/MQJMo</latexit><latexit sha1_base64="TX6frooCtC0XiDmHcr1vzeH3v48=">AAAB+HicbVDLSgMxFL3xWeujoy7dBIvgQsqMCLosuHFZwT6gHYZMmmlDM5khyQh16Je4caGIWz/FnX9jpp2Fth4IHM65l3tywlRwbVz3G62tb2xubVd2qrt7+wc15/Coo5NMUdamiUhULySaCS5Z23AjWC9VjMShYN1wclv43UemNE/kg5mmzI/JSPKIU2KsFDi1QUzMmBKRd2YXo0AHTt1tuHPgVeKVpA4lWoHzNRgmNIuZNFQQrfuemxo/J8pwKtisOsg0SwmdkBHrWypJzLSfz4PP8JlVhjhKlH3S4Ln6eyMnsdbTOLSTRUy97BXif14/M9GNn3OZZoZJujgUZQKbBBct4CFXjBoxtYRQxW1WTMdEEWpsV1Vbgrf85VXSuWx4bsO7v6o3m2UdFTiBUzgHD66hCXfQgjZQyOAZXuENPaEX9I4+FqNrqNw5hj9Anz/MQJMo</latexit>

Precisely right values in LVS ballpark!                         

Standard
mΦ= 30 TeV
mΦ= 3 TeV
mΦ= 300 TeV
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<latexit sha1_base64="+v1DrhNEp+xngC1/wJOz2+Jgam0="></latexit><latexit sha1_base64="+v1DrhNEp+xngC1/wJOz2+Jgam0="></latexit><latexit sha1_base64="+v1DrhNEp+xngC1/wJOz2+Jgam0="></latexit><latexit sha1_base64="+v1DrhNEp+xngC1/wJOz2+Jgam0="></latexit>

Reheating from 
moduli decays

Amplitude fit 
to PTA data

[Ghoshal,FR,Villa ’25]



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

P=4 10-3, χ=0, β=1/2

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

Growing tension  
+ kination

UHF band

[Cicoli,Hebecker,Jaeckel,Wittner ’22]

( <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>

[Ghoshal,FR,Villa ’25]



OUTLOOK

Cosmic strings: promising bridge between strings/cosmology

Swampland conjectures give bounds on            and slope of

Numbers in right ballpark to connect with experimental efforts

<latexit sha1_base64="zCSg3YMk1lEVo2QL1r8CGEs1t0A=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJlgEVyURqS4LblxWsA9oQplMJ+3QmUmYmQglBPwVNy4Ucet3uPNvnKZZaOuBGQ7n3HvnzgkTRpV23W+rsra+sblV3a7t7O7tH9iHR10VpxKTDo5ZLPshUoRRQTqaakb6iSSIh4z0wunt3O89EqloLB70LCEBR2NBI4qRNtLQPvEjiXDmj2Kd+TzN8+Ie2nW34RZwVolXkjqUaA/tLzMBp5wIjRlSauC5iQ4yJDXFjOQ1P1UkQXiKxmRgqECcqCAr1s+dc6OMnCiW5gjtFOrvjgxxpWY8NJUc6Yla9ubif94g1dFNkFGRpJoIvHgoSpmjY2eehTOikmDNZoYgLKnZ1cETZPLQJrGaCcFb/vIq6V42vGajeX9Vb7XKOKpwCmdwAR5cQwvuoA0dwJDBM7zCm/VkvVjv1seitGKVPcfwB9bnD4nCloU=</latexit>

µ̇

µ

<latexit sha1_base64="xEkzDcA9YNlSv9Vt4zxCjuaUwis=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BD3ozgnnAZgmzk0kyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnAhuwfe/vcLa+sbmVnG7tLO7t39QPjxqWZ0ayppUC206MbFMcMWawEGwTmIYkbFg7Xh8M/PbT8xYrtUjTBIWSTJUfMApASeF3XvJhqSX3banvXLFr/pz4FUS5KSCcjR65a9uX9NUMgVUEGvDwE8gyogBTgWblrqpZQmhYzJkoaOKSGajbH7yFJ85pY8H2rhSgOfq74mMSGsnMnadksDILnsz8T8vTGFwHWVcJSkwRReLBqnAoPHsf9znhlEQE0cINdzdiumIGELBpVRyIQTLL6+S1kU1qFVrD5eVej2Po4hO0Ck6RwG6QnV0hxqoiSjS6Bm9ojcPvBfv3ftYtBa8fOYY/YH3+QMhnpEr</latexit>

⌦GW

Qualitative new features: time-dependent tension, small P

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

F-strings wrapped branes

In “vanilla” string compactification scenarios, e.g. LVS

connection to other observables?

[Conlon,Copeland,Hardy,Sanchez-Gonzalez ’24-’25 (x2)]Percolation, Backreaction (loop trackers)



THANK YOU FOR YOUR ATTENTION!



BACK-UP SLIDES



LARGE VOLUME SCENARIO (LVS)

�V
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Setting: Type IIB flux compactifications

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

Simple EFT for volume modulus      + axion

Vmin ⇠ e1/gs
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uplift to dS

generates hierarchies
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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
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E.g. reheating through moduli decays

In LVS, length of matter domination epoch fixed by volume
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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/ 2

s

2V
M 2

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>



SHORTENING MATTER DOMINATION

m2
H ! m2

3/ 2

!
! 0 + ! loop ln

"
mKK

m3/ 2

#$
"

"
W0

V

# 2 !
! 0 + ! loop ln

"
V1/ 2

W0

#$
M 2

P
<latexit sha1_base64="LnURSQcXqD5WV+UFLTu0GzBeNUk="></latexit><latexit sha1_base64="LnURSQcXqD5WV+UFLTu0GzBeNUk="></latexit><latexit sha1_base64="LnURSQcXqD5WV+UFLTu0GzBeNUk="></latexit><latexit sha1_base64="LnURSQcXqD5WV+UFLTu0GzBeNUk="></latexit>

Volume long lived as it is gravitationally coupled to axions

[Cicoli,Hebeecker,Jaeckel,Wittner ’22]

What about other fields?

Fine tuning @TL gives enhanced coupling!

! ! ! HH ! ! ! ! aa
<latexit sha1_base64="DqcMK126edsDo4B9+4efj0AYN90=">AAACKHicdVBNS8NAFNzUr1q/oh69LBbBU0lE0JsFD/ZYwbZCE8LLdpsu3U3C7kYpoT/Hi3/Fi4givfpL3LY5aKsDC8PMPN6+CVPOlHaciVVaWV1b3yhvVra2d3b37P2DtkoySWiLJDyR9yEoyllMW5ppTu9TSUGEnHbC4fXU7zxQqVgS3+lRSn0BUcz6jIA2UmBfeTcgBAS51xww7EkWDTRImTziBm6MsRdF+N8EYBgHdtWpOTPgZeIWpIoKNAP7zeslJBM01oSDUl3XSbWfg9SMcDqueJmiKZAhRLRraAyCKj+fHTrGJ0bp4X4izYs1nqk/J3IQSo1EaJIC9EAtelPxL6+b6f6ln7M4zTSNyXxRP+NYJ3jaGu4xSYnmI0OASGb+iskAJBBtuq2YEtzFk5dJ+6zmOjX39rxarxd1lNEROkanyEUXqI4aqIlaiKAn9ILe0Yf1bL1an9ZkHi1Zxcwh+gXr6xsy1qYL</latexit><latexit sha1_base64="DqcMK126edsDo4B9+4efj0AYN90=">AAACKHicdVBNS8NAFNzUr1q/oh69LBbBU0lE0JsFD/ZYwbZCE8LLdpsu3U3C7kYpoT/Hi3/Fi4givfpL3LY5aKsDC8PMPN6+CVPOlHaciVVaWV1b3yhvVra2d3b37P2DtkoySWiLJDyR9yEoyllMW5ppTu9TSUGEnHbC4fXU7zxQqVgS3+lRSn0BUcz6jIA2UmBfeTcgBAS51xww7EkWDTRImTziBm6MsRdF+N8EYBgHdtWpOTPgZeIWpIoKNAP7zeslJBM01oSDUl3XSbWfg9SMcDqueJmiKZAhRLRraAyCKj+fHTrGJ0bp4X4izYs1nqk/J3IQSo1EaJIC9EAtelPxL6+b6f6ln7M4zTSNyXxRP+NYJ3jaGu4xSYnmI0OASGb+iskAJBBtuq2YEtzFk5dJ+6zmOjX39rxarxd1lNEROkanyEUXqI4aqIlaiKAn9ILe0Yf1bL1an9ZkHi1Zxcwh+gXr6xsy1qYL</latexit><latexit sha1_base64="DqcMK126edsDo4B9+4efj0AYN90=">AAACKHicdVBNS8NAFNzUr1q/oh69LBbBU0lE0JsFD/ZYwbZCE8LLdpsu3U3C7kYpoT/Hi3/Fi4givfpL3LY5aKsDC8PMPN6+CVPOlHaciVVaWV1b3yhvVra2d3b37P2DtkoySWiLJDyR9yEoyllMW5ppTu9TSUGEnHbC4fXU7zxQqVgS3+lRSn0BUcz6jIA2UmBfeTcgBAS51xww7EkWDTRImTziBm6MsRdF+N8EYBgHdtWpOTPgZeIWpIoKNAP7zeslJBM01oSDUl3XSbWfg9SMcDqueJmiKZAhRLRraAyCKj+fHTrGJ0bp4X4izYs1nqk/J3IQSo1EaJIC9EAtelPxL6+b6f6ln7M4zTSNyXxRP+NYJ3jaGu4xSYnmI0OASGb+iskAJBBtuq2YEtzFk5dJ+6zmOjX39rxarxd1lNEROkanyEUXqI4aqIlaiKAn9ILe0Yf1bL1an9ZkHi1Zxcwh+gXr6xsy1qYL</latexit><latexit sha1_base64="DqcMK126edsDo4B9+4efj0AYN90=">AAACKHicdVBNS8NAFNzUr1q/oh69LBbBU0lE0JsFD/ZYwbZCE8LLdpsu3U3C7kYpoT/Hi3/Fi4givfpL3LY5aKsDC8PMPN6+CVPOlHaciVVaWV1b3yhvVra2d3b37P2DtkoySWiLJDyR9yEoyllMW5ppTu9TSUGEnHbC4fXU7zxQqVgS3+lRSn0BUcz6jIA2UmBfeTcgBAS51xww7EkWDTRImTziBm6MsRdF+N8EYBgHdtWpOTPgZeIWpIoKNAP7zeslJBM01oSDUl3XSbWfg9SMcDqueJmiKZAhRLRraAyCKj+fHTrGJ0bp4X4izYs1nqk/J3IQSo1EaJIC9EAtelPxL6+b6f6ln7M4zTSNyXxRP+NYJ3jaGu4xSYnmI0OASGb+iskAJBBtuq2YEtzFk5dJ+6zmOjX39rxarxd1lNEROkanyEUXqI4aqIlaiKAn9ILe0Yf1bL1an9ZkHi1Zxcwh+gXr6xsy1qYL</latexit>

Short Volume Lifetime  (SVL)

Less GW suppression from  
matter domination

Access high frequency/ 
earlier times



STRINGS WITH VARYING TENSION

! "

+
#

2
úa
a

+
úµ
µ

$ ! "

+ ... = 0
<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 ! GW h2 ! f 4
<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>
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Need to understand which times dominate integrals

Kination to Tracker 
early times dominate h2! (1)
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