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Introduction

What are typical dynamics induced by moduli potentials?

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

[Cicoli,Cunillera,Padilla,Pedro ’21]

[Calderon Infante,Ruiz,Valenzuela ’22] [Apers,Conlon,Mosny,Revello ’22]

[Shiu,Tonioni,Tran ’23] x 2 [Cremonini,Gonzalo,Rajaguru,Tang,Wrase ’23]

[Hebecker, Schreyer,Venken  ’23]

“Asymptotic” 

cosmology

Steep potentials Kination

String cosmology

Desiderata: 

inflation, QCD axion,     
quintessence, CC

Embed in ST

This Talk



What is kination?

Scalar rolling down a steep potential:
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‘kination’
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Stiff fluid

 [Joyce ’97] 
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Why care about Kination?

Specific example: LVS (GKP) [Conlon,Quevedo,Suruliz ’05]

[Balasubramanian,Berglund,Conlon,Quevedo ’05]
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    [Grimm,Li,Valenzuela ’19]+…
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<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> ?

V0
<latexit sha1_base64="ukyrd90wX6s1pv6+mF/2oHl4FUQ=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbOJYZNbwIvHiOYByRJmJ5NkyOzsMjMrhCWf4MWDIl79Im/+jZOHoKIFDUVVN91dYSK4Nhh/OGvrG5tb27md/O7e/sFh4ei4peNUUdaksYhVJySaCS5Z03AjWCdRjEShYO1wcjX32/dMaR7LOzNNWBCRkeRDTomx0m2rj/uFIna9ku9XPITdWq3mV8pLgstV5Ll4gSKs0OgX3nuDmK YRk4YKonXXw4kJMqIMp4LN8r1Us4TQCRmxrqWSREwH2eLUGTq3ygANY2VLGrRQv09kJNJ6GoW2MyJmrH97c/Evr5uaYTXIuExSwyRdLhqmApkYzf9GA64YNWJqCaGK21sRHRNFqLHp5G0IX5+i/0mr5Ho2q5vLYr2+iiMHp3AGF+CBD3W4hgY0gcIIHuAJnh3hPDovzuuydc1ZzZzADzhvn2pyjeI=</latexit><latexit sha1_base64="ukyrd90wX6s1pv6+mF/2oHl4FUQ=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbOJYZNbwIvHiOYByRJmJ5NkyOzsMjMrhCWf4MWDIl79Im/+jZOHoKIFDUVVN91dYSK4Nhh/OGvrG5tb27md/O7e/sFh4ei4peNUUdaksYhVJySaCS5Z03AjWCdRjEShYO1wcjX32/dMaR7LOzNNWBCRkeRDTomx0m2rj/uFIna9ku9XPITdWq3mV8pLgstV5Ll4gSKs0OgX3nuDmK YRk4YKonXXw4kJMqIMp4LN8r1Us4TQCRmxrqWSREwH2eLUGTq3ygANY2VLGrRQv09kJNJ6GoW2MyJmrH97c/Evr5uaYTXIuExSwyRdLhqmApkYzf9GA64YNWJqCaGK21sRHRNFqLHp5G0IX5+i/0mr5Ho2q5vLYr2+iiMHp3AGF+CBD3W4hgY0gcIIHuAJnh3hPDovzuuydc1ZzZzADzhvn2pyjeI=</latexit><latexit sha1_base64="ukyrd90wX6s1pv6+mF/2oHl4FUQ=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbOJYZNbwIvHiOYByRJmJ5NkyOzsMjMrhCWf4MWDIl79Im/+jZOHoKIFDUVVN91dYSK4Nhh/OGvrG5tb27md/O7e/sFh4ei4peNUUdaksYhVJySaCS5Z03AjWCdRjEShYO1wcjX32/dMaR7LOzNNWBCRkeRDTomx0m2rj/uFIna9ku9XPITdWq3mV8pLgstV5Ll4gSKs0OgX3nuDmK YRk4YKonXXw4kJMqIMp4LN8r1Us4TQCRmxrqWSREwH2eLUGTq3ygANY2VLGrRQv09kJNJ6GoW2MyJmrH97c/Evr5uaYTXIuExSwyRdLhqmApkYzf9GA64YNWJqCaGK21sRHRNFqLHp5G0IX5+i/0mr5Ho2q5vLYr2+iiMHp3AGF+CBD3W4hgY0gcIIHuAJnh3hPDovzuuydc1ZzZzADzhvn2pyjeI=</latexit><latexit sha1_base64="ukyrd90wX6s1pv6+mF/2oHl4FUQ=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbOJYZNbwIvHiOYByRJmJ5NkyOzsMjMrhCWf4MWDIl79Im/+jZOHoKIFDUVVN91dYSK4Nhh/OGvrG5tb27md/O7e/sFh4ei4peNUUdaksYhVJySaCS5Z03AjWCdRjEShYO1wcjX32/dMaR7LOzNNWBCRkeRDTomx0m2rj/uFIna9ku9XPITdWq3mV8pLgstV5Ll4gSKs0OgX3nuDmK YRk4YKonXXw4kJMqIMp4LN8r1Us4TQCRmxrqWSREwH2eLUGTq3ygANY2VLGrRQv09kJNJ6GoW2MyJmrH97c/Evr5uaYTXIuExSwyRdLhqmApkYzf9GA64YNWJqCaGK21sRHRNFqLHp5G0IX5+i/0mr5Ho2q5vLYr2+iiMHp3AGF+CBD3W4hgY0gcIIHuAJnh3hPDovzuuydc1ZzZzADzhvn2pyjeI=</latexit>

�� � 1
<latexit sha1_base64="Bqjh/a/jXDPHX4RYpVtIa7l1rTA=">AAAB+nicjVDLSsNAFL3xWesr1aWbwSK4KokIuizowmUF+4CmlMn0Jh06mYSZiVJiP8WNC0Xc+iXu/Bunj4WKggcuHM65l3s4YSa4Np734Swtr6yurZc2yptb2zu7bmWvpdNcMWyyVKSqE1KNgktsGm4EdjKFNAkFtsPRxdRv36LSPJU3ZpxhL6Gx5BFn1Fip71aCSxSGkqAx5CSIY+L33apf82Ygf5MqLNDou+/BIGV5gtIwQbXu+l5megVVhjOBk3KQa8woG9EYu5ZKmqDuFbPoE3JklQGJUmVHGjJTv14UNNF6nIR2M6FmqH96U/E3r5ub6LxXcJnlBiWbP4pyQUxKpj2QAVfIjBhbQpniNithQ6ooM7at8v9KaJ3UfK/mX59W6/VFHSU4gEM4Bh/OoA5X0IAmMLiDB3iCZ+feeXRenNf56pKzuNmHb3DePgF9upLU</latexit><latexit sha1_base64="Bqjh/a/jXDPHX4RYpVtIa7l1rTA=">AAAB+nicjVDLSsNAFL3xWesr1aWbwSK4KokIuizowmUF+4CmlMn0Jh06mYSZiVJiP8WNC0Xc+iXu/Bunj4WKggcuHM65l3s4YSa4Np734Swtr6yurZc2yptb2zu7bmWvpdNcMWyyVKSqE1KNgktsGm4EdjKFNAkFtsPRxdRv36LSPJU3ZpxhL6Gx5BFn1Fip71aCSxSGkqAx5CSIY+L33apf82Ygf5MqLNDou+/BIGV5gtIwQbXu+l5megVVhjOBk3KQa8woG9EYu5ZKmqDuFbPoE3JklQGJUmVHGjJTv14UNNF6nIR2M6FmqH96U/E3r5ub6LxXcJnlBiWbP4pyQUxKpj2QAVfIjBhbQpniNithQ6ooM7at8v9KaJ3UfK/mX59W6/VFHSU4gEM4Bh/OoA5X0IAmMLiDB3iCZ+feeXRenNf56pKzuNmHb3DePgF9upLU</latexit><latexit sha1_base64="Bqjh/a/jXDPHX4RYpVtIa7l1rTA=">AAAB+nicjVDLSsNAFL3xWesr1aWbwSK4KokIuizowmUF+4CmlMn0Jh06mYSZiVJiP8WNC0Xc+iXu/Bunj4WKggcuHM65l3s4YSa4Np734Swtr6yurZc2yptb2zu7bmWvpdNcMWyyVKSqE1KNgktsGm4EdjKFNAkFtsPRxdRv36LSPJU3ZpxhL6Gx5BFn1Fip71aCSxSGkqAx5CSIY+L33apf82Ygf5MqLNDou+/BIGV5gtIwQbXu+l5megVVhjOBk3KQa8woG9EYu5ZKmqDuFbPoE3JklQGJUmVHGjJTv14UNNF6nIR2M6FmqH96U/E3r5ub6LxXcJnlBiWbP4pyQUxKpj2QAVfIjBhbQpniNithQ6ooM7at8v9KaJ3UfK/mX59W6/VFHSU4gEM4Bh/OoA5X0IAmMLiDB3iCZ+feeXRenNf56pKzuNmHb3DePgF9upLU</latexit><latexit sha1_base64="Bqjh/a/jXDPHX4RYpVtIa7l1rTA=">AAAB+nicjVDLSsNAFL3xWesr1aWbwSK4KokIuizowmUF+4CmlMn0Jh06mYSZiVJiP8WNC0Xc+iXu/Bunj4WKggcuHM65l3s4YSa4Np734Swtr6yurZc2yptb2zu7bmWvpdNcMWyyVKSqE1KNgktsGm4EdjKFNAkFtsPRxdRv36LSPJU3ZpxhL6Gx5BFn1Fip71aCSxSGkqAx5CSIY+L33apf82Ygf5MqLNDou+/BIGV5gtIwQbXu+l5megVVhjOBk3KQa8woG9EYu5ZKmqDuFbPoE3JklQGJUmVHGjJTv14UNNF6nIR2M6FmqH96U/E3r5ub6LxXcJnlBiWbP4pyQUxKpj2QAVfIjBhbQpniNithQ6ooM7at8v9KaJ3UfK/mX59W6/VFHSU4gEM4Bh/OoA5X0IAmMLiDB3iCZ+feeXRenNf56pKzuNmHb3DePgF9upLU</latexit>

V (�)
<latexit sha1_base64="EXmFT/42mLTBOuACPWzxX+oX1Fo=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKoMeAF48RzAOSJcxOOsmQ2dllplcISz7CiwdFvPo93vwbJ4+DioIFDUVVN91dUaqkJd//8FZW19Y3Ngtbxe2d3b390sFh0yaZEdgQiUpMO+IWldTYIEkK26lBHkcKW9H4eua37tFYmeg7mqQYxnyo5UAKTk5qNSvd+kie9UrloOrPwf4mZVii3iu9d/uJyGLUJBS3thP4KYU5NySFwmmxm1lMuRjzIXYc1TxGG+bzc6fs1Cl9NkiMK01srn6dyHls7SSOXGfMaWR/ejPxN6+T0eAqzKVOM0ItFosGmWKUsNnvrC8NClITR7gw0t3KxIgbLsglVPxfCM3zauBXg9uLcq22jKMAx3ACFQjgEmpwA3VogIAxPMATPHup9+i9eK+L1hVvOXME3+C9fQJWy47l</latexit><latexit sha1_base64="EXmFT/42mLTBOuACPWzxX+oX1Fo=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKoMeAF48RzAOSJcxOOsmQ2dllplcISz7CiwdFvPo93vwbJ4+DioIFDUVVN91dUaqkJd//8FZW19Y3Ngtbxe2d3b390sFh0yaZEdgQiUpMO+IWldTYIEkK26lBHkcKW9H4eua37tFYmeg7mqQYxnyo5UAKTk5qNSvd+kie9UrloOrPwf4mZVii3iu9d/uJyGLUJBS3thP4KYU5NySFwmmxm1lMuRjzIXYc1TxGG+bzc6fs1Cl9NkiMK01srn6dyHls7SSOXGfMaWR/ejPxN6+T0eAqzKVOM0ItFosGmWKUsNnvrC8NClITR7gw0t3KxIgbLsglVPxfCM3zauBXg9uLcq22jKMAx3ACFQjgEmpwA3VogIAxPMATPHup9+i9eK+L1hVvOXME3+C9fQJWy47l</latexit><latexit sha1_base64="EXmFT/42mLTBOuACPWzxX+oX1Fo=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKoMeAF48RzAOSJcxOOsmQ2dllplcISz7CiwdFvPo93vwbJ4+DioIFDUVVN91dUaqkJd//8FZW19Y3Ngtbxe2d3b390sFh0yaZEdgQiUpMO+IWldTYIEkK26lBHkcKW9H4eua37tFYmeg7mqQYxnyo5UAKTk5qNSvd+kie9UrloOrPwf4mZVii3iu9d/uJyGLUJBS3thP4KYU5NySFwmmxm1lMuRjzIXYc1TxGG+bzc6fs1Cl9NkiMK01srn6dyHls7SSOXGfMaWR/ejPxN6+T0eAqzKVOM0ItFosGmWKUsNnvrC8NClITR7gw0t3KxIgbLsglVPxfCM3zauBXg9uLcq22jKMAx3ACFQjgEmpwA3VogIAxPMATPHup9+i9eK+L1hVvOXME3+C9fQJWy47l</latexit><latexit sha1_base64="EXmFT/42mLTBOuACPWzxX+oX1Fo=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKoMeAF48RzAOSJcxOOsmQ2dllplcISz7CiwdFvPo93vwbJ4+DioIFDUVVN91dUaqkJd//8FZW19Y3Ngtbxe2d3b390sFh0yaZEdgQiUpMO+IWldTYIEkK26lBHkcKW9H4eua37tFYmeg7mqQYxnyo5UAKTk5qNSvd+kie9UrloOrPwf4mZVii3iu9d/uJyGLUJBS3thP4KYU5NySFwmmxm1lMuRjzIXYc1TxGG+bzc6fs1Cl9NkiMK01srn6dyHls7SSOXGfMaWR/ejPxN6+T0eAqzKVOM0ItFosGmWKUsNnvrC8NClITR7gw0t3KxIgbLsglVPxfCM3zauBXg9uLcq22jKMAx3ACFQjgEmpwA3VogIAxPMATPHup9+i9eK+L1hVvOXME3+C9fQJWy47l</latexit>

Potentials near boundaries 

of moduli space

V (�) ⇠ e��i�i
<latexit sha1_base64="05+MWYWISOxify88J8QF0G4632w=">AAACDHicdVDLSsNAFJ34rPVVdelmsAh1YUhspc2u4MZlBfuAJobJZNIOnTyYmQgl9APc+CtuXCji1g9w5984SSuo6IGBwznncuceL2FUSMP40JaWV1bX1ksb5c2t7Z3dyt5+T8Qpx6SLYxbzgYcEYTQiXUklI4OEExR6jPS9yUXu928JFzSOruU0IU6IRhENKEZSSW6l2oM1uzOmJ9AWNITkJju1mRr3kUthbrh0plKGblnnhtWEOWnUDasgltWqQ1M3ClTBAh238m77MU5DEknMkBBD00ikkyEuKWZkVrZTQRKEJ2hEhopGKCTCyYpjZvBYKT4MYq5eJGGhfp/IUCjENPRUMkRyLH57ufiXN0xl0HIyGiWpJBGeLwpSBmUM82agTznBkk0VQZhT9VeIx4gjLFV/ZVXC16Xwf9I7001DN68a1XZ7UUcJHIIjUAMmaII2uAQd0AUY3IEH8ASetXvtUXvRXufRJW0xcwB+QHv7BCpimno=</latexit><latexit sha1_base64="05+MWYWISOxify88J8QF0G4632w=">AAACDHicdVDLSsNAFJ34rPVVdelmsAh1YUhspc2u4MZlBfuAJobJZNIOnTyYmQgl9APc+CtuXCji1g9w5984SSuo6IGBwznncuceL2FUSMP40JaWV1bX1ksb5c2t7Z3dyt5+T8Qpx6SLYxbzgYcEYTQiXUklI4OEExR6jPS9yUXu928JFzSOruU0IU6IRhENKEZSSW6l2oM1uzOmJ9AWNITkJju1mRr3kUthbrh0plKGblnnhtWEOWnUDasgltWqQ1M3ClTBAh238m77MU5DEknMkBBD00ikkyEuKWZkVrZTQRKEJ2hEhopGKCTCyYpjZvBYKT4MYq5eJGGhfp/IUCjENPRUMkRyLH57ufiXN0xl0HIyGiWpJBGeLwpSBmUM82agTznBkk0VQZhT9VeIx4gjLFV/ZVXC16Xwf9I7001DN68a1XZ7UUcJHIIjUAMmaII2uAQd0AUY3IEH8ASetXvtUXvRXufRJW0xcwB+QHv7BCpimno=</latexit><latexit sha1_base64="05+MWYWISOxify88J8QF0G4632w=">AAACDHicdVDLSsNAFJ34rPVVdelmsAh1YUhspc2u4MZlBfuAJobJZNIOnTyYmQgl9APc+CtuXCji1g9w5984SSuo6IGBwznncuceL2FUSMP40JaWV1bX1ksb5c2t7Z3dyt5+T8Qpx6SLYxbzgYcEYTQiXUklI4OEExR6jPS9yUXu928JFzSOruU0IU6IRhENKEZSSW6l2oM1uzOmJ9AWNITkJju1mRr3kUthbrh0plKGblnnhtWEOWnUDasgltWqQ1M3ClTBAh238m77MU5DEknMkBBD00ikkyEuKWZkVrZTQRKEJ2hEhopGKCTCyYpjZvBYKT4MYq5eJGGhfp/IUCjENPRUMkRyLH57ufiXN0xl0HIyGiWpJBGeLwpSBmUM82agTznBkk0VQZhT9VeIx4gjLFV/ZVXC16Xwf9I7001DN68a1XZ7UUcJHIIjUAMmaII2uAQd0AUY3IEH8ASetXvtUXvRXufRJW0xcwB+QHv7BCpimno=</latexit><latexit sha1_base64="05+MWYWISOxify88J8QF0G4632w=">AAACDHicdVDLSsNAFJ34rPVVdelmsAh1YUhspc2u4MZlBfuAJobJZNIOnTyYmQgl9APc+CtuXCji1g9w5984SSuo6IGBwznncuceL2FUSMP40JaWV1bX1ksb5c2t7Z3dyt5+T8Qpx6SLYxbzgYcEYTQiXUklI4OEExR6jPS9yUXu928JFzSOruU0IU6IRhENKEZSSW6l2oM1uzOmJ9AWNITkJju1mRr3kUthbrh0plKGblnnhtWEOWnUDasgltWqQ1M3ClTBAh238m77MU5DEknMkBBD00ikkyEuKWZkVrZTQRKEJ2hEhopGKCTCyYpjZvBYKT4MYq5eJGGhfp/IUCjENPRUMkRyLH57ufiXN0xl0HIyGiWpJBGeLwpSBmUM82agTznBkk0VQZhT9VeIx4gjLFV/ZVXC16Xwf9I7001DN68a1XZ7UUcJHIIjUAMmaII2uAQd0AUY3IEH8ASetXvtUXvRXufRJW0xcwB+QHv7BCpimno=</latexit>



#1   Volume kination = Kasner

ds2E = t2

0

@�dt2 +
3X

i=1

t�2/3dxi
2 +

6X

j=1

t2/3dyj
2

1

A

<latexit sha1_base64="sGNcLW7Y9I47+T3exvM2PlLuaXo="></latexit><latexit sha1_base64="sGNcLW7Y9I47+T3exvM2PlLuaXo="></latexit><latexit sha1_base64="sGNcLW7Y9I47+T3exvM2PlLuaXo="></latexit><latexit sha1_base64="sGNcLW7Y9I47+T3exvM2PlLuaXo="></latexit>

ds24d,E = �dt2E + (2tE)
2/3 �dx1

2 + dx2
2 + dx3

2
�

<latexit sha1_base64="342omDx8v0DSmUF2IiFReq12i2s="></latexit><latexit sha1_base64="342omDx8v0DSmUF2IiFReq12i2s="></latexit><latexit sha1_base64="342omDx8v0DSmUF2IiFReq12i2s="></latexit><latexit sha1_base64="342omDx8v0DSmUF2IiFReq12i2s="></latexit>

10d Kasner, solves vacuum EE Vint
<latexit sha1_base64="nE9D81O1oVY3K1bZDIPlT3YAQLA=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiMLba7ghuXFewD2mHIpJk2NPMgyShlnE9x40IRt36JO//GTFtBRQ8EDufcS849fsKZVAh9GKW19Y3NrfJ2ZWd3b//ArB72ZJwKQrsk5rEY+FhSziLaVUxxOkgExaHPad+fXRZ+/5YKyeLoRs0T6oZ4ErGAEay05JnVUYjVlGCe9XIvY5HKPbOGrFYL1esNiKwGchynqQk6d5otG9oWWqAGVuh45vtoHJM0pJEiHEs5tFGi3AwLxQineWWUSppgMsMTOtQ0wiGVbraInsNTrYxhEAv9IgUX6veNDIdSzkNfTxZB5W+vEP/yhqkKmq4+KEkVjcjyoyDlUMWw6AGOmaBE8bkmmAims0IyxQITpduq6BK+LoX/k55j2ciyr+u1dntVRxkcgxNwBmxwAdrgCnRAFxBwBx7AE3g27o1H48V4XY6WjNXOEfgB4+0Tbq+Uwg==</latexit><latexit sha1_base64="nE9D81O1oVY3K1bZDIPlT3YAQLA=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiMLba7ghuXFewD2mHIpJk2NPMgyShlnE9x40IRt36JO//GTFtBRQ8EDufcS849fsKZVAh9GKW19Y3NrfJ2ZWd3b//ArB72ZJwKQrsk5rEY+FhSziLaVUxxOkgExaHPad+fXRZ+/5YKyeLoRs0T6oZ4ErGAEay05JnVUYjVlGCe9XIvY5HKPbOGrFYL1esNiKwGchynqQk6d5otG9oWWqAGVuh45vtoHJM0pJEiHEs5tFGi3AwLxQineWWUSppgMsMTOtQ0wiGVbraInsNTrYxhEAv9IgUX6veNDIdSzkNfTxZB5W+vEP/yhqkKmq4+KEkVjcjyoyDlUMWw6AGOmaBE8bkmmAims0IyxQITpduq6BK+LoX/k55j2ciyr+u1dntVRxkcgxNwBmxwAdrgCnRAFxBwBx7AE3g27o1H48V4XY6WjNXOEfgB4+0Tbq+Uwg==</latexit><latexit sha1_base64="nE9D81O1oVY3K1bZDIPlT3YAQLA=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiMLba7ghuXFewD2mHIpJk2NPMgyShlnE9x40IRt36JO//GTFtBRQ8EDufcS849fsKZVAh9GKW19Y3NrfJ2ZWd3b//ArB72ZJwKQrsk5rEY+FhSziLaVUxxOkgExaHPad+fXRZ+/5YKyeLoRs0T6oZ4ErGAEay05JnVUYjVlGCe9XIvY5HKPbOGrFYL1esNiKwGchynqQk6d5otG9oWWqAGVuh45vtoHJM0pJEiHEs5tFGi3AwLxQineWWUSppgMsMTOtQ0wiGVbraInsNTrYxhEAv9IgUX6veNDIdSzkNfTxZB5W+vEP/yhqkKmq4+KEkVjcjyoyDlUMWw6AGOmaBE8bkmmAims0IyxQITpduq6BK+LoX/k55j2ciyr+u1dntVRxkcgxNwBmxwAdrgCnRAFxBwBx7AE3g27o1H48V4XY6WjNXOEfgB4+0Tbq+Uwg==</latexit><latexit sha1_base64="nE9D81O1oVY3K1bZDIPlT3YAQLA=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiMLba7ghuXFewD2mHIpJk2NPMgyShlnE9x40IRt36JO//GTFtBRQ8EDufcS849fsKZVAh9GKW19Y3NrfJ2ZWd3b//ArB72ZJwKQrsk5rEY+FhSziLaVUxxOkgExaHPad+fXRZ+/5YKyeLoRs0T6oZ4ErGAEay05JnVUYjVlGCe9XIvY5HKPbOGrFYL1esNiKwGchynqQk6d5otG9oWWqAGVuh45vtoHJM0pJEiHEs5tFGi3AwLxQineWWUSppgMsMTOtQ0wiGVbraInsNTrYxhEAv9IgUX6veNDIdSzkNfTxZB5W+vEP/yhqkKmq4+KEkVjcjyoyDlUMWw6AGOmaBE8bkmmAims0IyxQITpduq6BK+LoX/k55j2ciyr+u1dntVRxkcgxNwBmxwAdrgCnRAFxBwBx7AE3g27o1H48V4XY6WjNXOEfgB4+0Tbq+Uwg==</latexit> (

<latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit>

( <latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit>

a(t) ⇠ t1/3
<latexit sha1_base64="NsBuME2i+3GZ7zbZzY5Q914BT54=">AAAB+nicdVDLSgNBEJz1GeNro0cvg0GIl3U3BpLcAl48RjAPSNYwO5lNhsw+mOlVwppP8eJBEa9+iTf/xkmygooWNBRV3XR3ebHgCmz7w1hZXVvf2Mxt5bd3dvf2zcJBW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vcjH3O7dMKh6F1zCNmRuQUch9TgloaWAWSAlOcV/xAMNN6pydzwZm0bbqtVq5UsaaaFQrGak72LHsBYooQ3NgvveHEU0CFgIVRKmeY8fgpkQCp4LN8v1EsZjQCRmxnqYhCZhy08XpM3yilSH2I6krBLxQv0+kJFBqGni6MyAwVr+9ufiX10vAr7kpD+MEWEiXi/xEYIjwPAc85JJREFNNCJVc34rpmEhCQaeV1yF8fYr/J+2y5diWc1UpNhpZHDl0hI5RCTmoihroEjVRC1F0hx7QE3o27o1H48V4XbauGNnMIfoB4+0TCbiTOQ==</latexit><latexit sha1_base64="NsBuME2i+3GZ7zbZzY5Q914BT54=">AAAB+nicdVDLSgNBEJz1GeNro0cvg0GIl3U3BpLcAl48RjAPSNYwO5lNhsw+mOlVwppP8eJBEa9+iTf/xkmygooWNBRV3XR3ebHgCmz7w1hZXVvf2Mxt5bd3dvf2zcJBW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vcjH3O7dMKh6F1zCNmRuQUch9TgloaWAWSAlOcV/xAMNN6pydzwZm0bbqtVq5UsaaaFQrGak72LHsBYooQ3NgvveHEU0CFgIVRKmeY8fgpkQCp4LN8v1EsZjQCRmxnqYhCZhy08XpM3yilSH2I6krBLxQv0+kJFBqGni6MyAwVr+9ufiX10vAr7kpD+MEWEiXi/xEYIjwPAc85JJREFNNCJVc34rpmEhCQaeV1yF8fYr/J+2y5diWc1UpNhpZHDl0hI5RCTmoihroEjVRC1F0hx7QE3o27o1H48V4XbauGNnMIfoB4+0TCbiTOQ==</latexit><latexit sha1_base64="NsBuME2i+3GZ7zbZzY5Q914BT54=">AAAB+nicdVDLSgNBEJz1GeNro0cvg0GIl3U3BpLcAl48RjAPSNYwO5lNhsw+mOlVwppP8eJBEa9+iTf/xkmygooWNBRV3XR3ebHgCmz7w1hZXVvf2Mxt5bd3dvf2zcJBW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vcjH3O7dMKh6F1zCNmRuQUch9TgloaWAWSAlOcV/xAMNN6pydzwZm0bbqtVq5UsaaaFQrGak72LHsBYooQ3NgvveHEU0CFgIVRKmeY8fgpkQCp4LN8v1EsZjQCRmxnqYhCZhy08XpM3yilSH2I6krBLxQv0+kJFBqGni6MyAwVr+9ufiX10vAr7kpD+MEWEiXi/xEYIjwPAc85JJREFNNCJVc34rpmEhCQaeV1yF8fYr/J+2y5diWc1UpNhpZHDl0hI5RCTmoihroEjVRC1F0hx7QE3o27o1H48V4XbauGNnMIfoB4+0TCbiTOQ==</latexit><latexit sha1_base64="NsBuME2i+3GZ7zbZzY5Q914BT54=">AAAB+nicdVDLSgNBEJz1GeNro0cvg0GIl3U3BpLcAl48RjAPSNYwO5lNhsw+mOlVwppP8eJBEa9+iTf/xkmygooWNBRV3XR3ebHgCmz7w1hZXVvf2Mxt5bd3dvf2zcJBW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vcjH3O7dMKh6F1zCNmRuQUch9TgloaWAWSAlOcV/xAMNN6pydzwZm0bbqtVq5UsaaaFQrGak72LHsBYooQ3NgvveHEU0CFgIVRKmeY8fgpkQCp4LN8v1EsZjQCRmxnqYhCZhy08XpM3yilSH2I6krBLxQv0+kJFBqGni6MyAwVr+9ufiX10vAr7kpD+MEWEiXi/xEYIjwPAc85JJREFNNCJVc34rpmEhCQaeV1yF8fYr/J+2y5diWc1UpNhpZHDl0hI5RCTmoihroEjVRC1F0hx7QE3o27o1H48V4XbauGNnMIfoB4+0TCbiTOQ==</latexit>
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<latexit sha1_base64="IR45KhQ1n+gCQKmJiROCPpkQ2sE="></latexit><latexit sha1_base64="IR45KhQ1n+gCQKmJiROCPpkQ2sE="></latexit><latexit sha1_base64="IR45KhQ1n+gCQKmJiROCPpkQ2sE="></latexit><latexit sha1_base64="IR45KhQ1n+gCQKmJiROCPpkQ2sE="></latexit>

Big crunch: ds2 = �dt2 + t�2/3(dx2
1 + dx2

2 + dx2
3)

<latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit><latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit><latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pS0e/0s4oY/Y7O8kmzBmIGNp0wU=">AAACCnicbVDLSgNBEOz1GWPU6NXLYBAimri7OehFELx4VDAmkMcyOzurg7MPZnrFsOQnvPgrXjwo4gd482+cPA4aLWi6qOpmpstPpdBo21/W3PzC4tJyYaW4Wlpb3yhvlq51kinGmyyRiWr7VHMpYt5EgZK3U8Vp5Eve8u/ORn7rnistkvgKBynvRfQmFqFgFI3klQ8C3XfJCakF2Hf3CfbzmnvYGFaDB88xgmnupDX67p5Xrth1ewzylzhTUoEpLrzyZzdIWBbxGJmkWnccO8VeThUKJvmw2M00Tym7oze8Y2hMI657+fiqIdk1SkDCRJmKkYzVnxs5jbQeRL6ZjCje6llvJP7ndTIMj3u5iNMMecwmD4WZJJiQUUQkEIozlANDKFPC/JWwW6ooQxNk0YTgzJ78l1y7dceuO5c2FGAbdqAKDhzBKZzDBTSBwSM8wyu8WU/Wi/U+iWvOmua2Bb9gfXwD6HCZ0A==</latexit><latexit sha1_base64="9N3iRARZTCg10J0M0mZIzkfx9XY=">AAACCnicjZDLSgMxGIX/qfdadXTrJiiCotaZcaEbQXDjsoKthTpTMpnUhmYuJP+IZehLuPFV3LhQxAdw59uYXhYqCh4I/+E7CUlOmEmh0XE+rNLU9Mzs3PxCebGytLxir1YaOs0V43WWylQ1Q6q5FAmvo0DJm5niNA4lvwp7Z8P86pYrLdLkEvsZ92N6k4iOYBQNatt7kQ48ckL2Iwy8XYJBse8dHA62o7u2a4AZ3ngcBt5O2950q85I5G+zCRPV2vb7dZSyPOYJMkm1brlOhn5BFQom+aB8nWueUdajN7xlbEJjrv1i9KsB2TIkIp1UmZUgGdGvJwoaa92PQ7MzptjVP7Mh/C1r5dg59guRZDnyhI0v6uSSYEqGFZFIKM5Q9o2hTAnzVsK6VFGGpsjy/0poeFXXqboXDszDOmzANrhwBKdwDjWoA4N7eIRneLEerCfrdVxXyZr0tgbfZL19Auy0mdM=</latexit><latexit sha1_base64="nXIAlRyZmD1niGTr/8HPgpDDMNs=">AAACFXicjVC7SgNBFJ2Nrxhfq5Y2g0GIaOLuptBGCNhYRjAPSDZhdnaSDJl9MHNXDEt+wsZfsbFQxFaw82+cPAoVBQ9c7uGce5m5x4sFV2BZH0ZmYXFpeSW7mltb39jcMrd36ipKJGU1GolINj2imOAhqwEHwZqxZCTwBGt4w4uJ37hhUvEovIZRzNyA9EPe45SAlrrmsa86Dj7HRR86zhGGTlp0Tsrjgn/btbWgmzNr5Y5z2DXzdsmaAv9N8miOatd8b/sRTQIWAhVEqZZtxeCmRAKngo1z7USxmNAh6bOWpiEJmHLT6VVjfKAVH/ciqSsEPFW/bqQkUGoUeHoyIDBQP72J+JvXSqB35qY8jBNgIZ091EsEhghPIsI+l4yCGGlCqOT6r5gOiCQUdJC5/4VQd0q2VbKvrHylMo8ji/bQPiogG52iCrpEVVRDFN2hB/SEno1749F4MV5noxljvrOLvsF4+wSVNptN</latexit><latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit><latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit><latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit><latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit><latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit><latexit sha1_base64="EdjFPh2RQr/QzuIYOsIcqfO8SPA=">AAACFXicjVDLSgMxFM3UV62vUZdugkWoaOvMVNCNUHDjsoJthXZaMpm0Dc08SO6IZehPuPFX3LhQxK3gzr8xfSxUFDxwuYdz7iW5x4sFV2BZH0Zmbn5hcSm7nFtZXVvfMDe36ipKJGU1GolIXntEMcFDVgMOgl3HkpHAE6zhDc7HfuOGScWj8AqGMXMD0gt5l1MCWuqYh75qO/gMF31oOwcY2mnROSqPCv5tx9aCbs60ldvOfsfM2yVrAvw3yaMZqh3zveVHNAlYCFQQpZq2FYObEgmcCjbKtRLFYkIHpMeamoYkYMpNJ1eN8J5WfNyNpK4Q8ET9upGSQKlh4OnJgEBf/fTG4m9eM4HuqZvyME6AhXT6UDcRGCI8jgj7XDIKYqgJoZLrv2LaJ5JQ0EHm/hdC3SnZVsm+PM5XKrM4smgH7aICstEJqqALVEU1RNEdekBP6Nm4Nx6NF+N1OpoxZjvb6BuMt0+WdptR</latexit>



A dynamical Swampland?

“Big Crunch” of the non-compact dimensions

(

<latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit>

4d picture
grows faster than ls ⇠

p
V

MP
<latexit sha1_base64="y+icF7owglcjYwnIdyv0MVxnPEs="></latexit><latexit sha1_base64="y+icF7owglcjYwnIdyv0MVxnPEs="></latexit><latexit sha1_base64="y+icF7owglcjYwnIdyv0MVxnPEs="></latexit><latexit sha1_base64="y+icF7owglcjYwnIdyv0MVxnPEs="></latexit>

a(t)
<latexit sha1_base64="q/cDXFjuz8SpCHzbyhJ9CDwyR3U=">AAAB63icdVBNSwMxEJ31s9avqkcvwSLUy7JbCm1vBS8eK9gPaJeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG1XUNEHA4/3ZpiZFyacaeN5H87G5tb2zm5hr7h/cHh0XDo57eo4VYR2SMxj1Q+xppxJ2jHMcNpPFMUi5LQXzq4zv3dPlWaxvDPzhAYCTySLGMEmk3DFXI1KZc9tNrxqvYEssajXctL0ke96K5QhR3tUeh+OY5IKKg3hWOuB7yUmWGBlGOF0WRymmiaYzPCEDiyVWFAdLFa3LtGlVcYoipUtadBK/T6xwELruQhtp8Bmqn97mfiXN0hN1AgWTCapoZKsF0UpRyZG2eNozBQlhs8twUQxeysiU6wwMTaeog3h61P0P+lWXd9z/dtaudXK4yjAOVxABXyoQwtuoA0dIDCFB3iCZ0c4j86L87pu3XDymTP4AeftExWljkU=</latexit><latexit sha1_base64="q/cDXFjuz8SpCHzbyhJ9CDwyR3U=">AAAB63icdVBNSwMxEJ31s9avqkcvwSLUy7JbCm1vBS8eK9gPaJeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG1XUNEHA4/3ZpiZFyacaeN5H87G5tb2zm5hr7h/cHh0XDo57eo4VYR2SMxj1Q+xppxJ2jHMcNpPFMUi5LQXzq4zv3dPlWaxvDPzhAYCTySLGMEmk3DFXI1KZc9tNrxqvYEssajXctL0ke96K5QhR3tUeh+OY5IKKg3hWOuB7yUmWGBlGOF0WRymmiaYzPCEDiyVWFAdLFa3LtGlVcYoipUtadBK/T6xwELruQhtp8Bmqn97mfiXN0hN1AgWTCapoZKsF0UpRyZG2eNozBQlhs8twUQxeysiU6wwMTaeog3h61P0P+lWXd9z/dtaudXK4yjAOVxABXyoQwtuoA0dIDCFB3iCZ0c4j86L87pu3XDymTP4AeftExWljkU=</latexit><latexit sha1_base64="q/cDXFjuz8SpCHzbyhJ9CDwyR3U=">AAAB63icdVBNSwMxEJ31s9avqkcvwSLUy7JbCm1vBS8eK9gPaJeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG1XUNEHA4/3ZpiZFyacaeN5H87G5tb2zm5hr7h/cHh0XDo57eo4VYR2SMxj1Q+xppxJ2jHMcNpPFMUi5LQXzq4zv3dPlWaxvDPzhAYCTySLGMEmk3DFXI1KZc9tNrxqvYEssajXctL0ke96K5QhR3tUeh+OY5IKKg3hWOuB7yUmWGBlGOF0WRymmiaYzPCEDiyVWFAdLFa3LtGlVcYoipUtadBK/T6xwELruQhtp8Bmqn97mfiXN0hN1AgWTCapoZKsF0UpRyZG2eNozBQlhs8twUQxeysiU6wwMTaeog3h61P0P+lWXd9z/dtaudXK4yjAOVxABXyoQwtuoA0dIDCFB3iCZ0c4j86L87pu3XDymTP4AeftExWljkU=</latexit><latexit sha1_base64="q/cDXFjuz8SpCHzbyhJ9CDwyR3U=">AAAB63icdVBNSwMxEJ31s9avqkcvwSLUy7JbCm1vBS8eK9gPaJeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG1XUNEHA4/3ZpiZFyacaeN5H87G5tb2zm5hr7h/cHh0XDo57eo4VYR2SMxj1Q+xppxJ2jHMcNpPFMUi5LQXzq4zv3dPlWaxvDPzhAYCTySLGMEmk3DFXI1KZc9tNrxqvYEssajXctL0ke96K5QhR3tUeh+OY5IKKg3hWOuB7yUmWGBlGOF0WRymmiaYzPCEDiyVWFAdLFa3LtGlVcYoipUtadBK/T6xwELruQhtp8Bmqn97mfiXN0hN1AgWTCapoZKsF0UpRyZG2eNozBQlhs8twUQxeysiU6wwMTaeog3h61P0P+lWXd9z/dtaudXK4yjAOVxABXyoQwtuoA0dIDCFB3iCZ0c4j86L87pu3XDymTP4AeftExWljkU=</latexit>

(Planck mass fixed in Ein. frame)

No apparent issues 
with EFT approach

Motivates a dynamical 
Swampland?

Assumes knowledge of UV physics

or “kinematic” Swampland constraints

Constraints on the cosmological evolution



What about the distance conjecture?

[Ooguri, Vafa ’06]

[Ooguri,Palti,Shiu,Vafa ’19]

Distance conjecture: 

KK modes become light, but so do  

�� � 1
<latexit sha1_base64="EAjqEb1Nnes2fUeEmOQzJHbbzJc=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUwNbd0VdOGygn1AE8pkOkmHTh7MTJQS+yluXCji1i9x5984aSuo6IELh3Pu5d57/JQzqWz7w1hZXVvf2Cxtlbd3dvf2zcpBVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb8yUXh926pkCyJb9Q0pV6Ew5gFjGClpaFZcS8pVxi66ZhBNwwhGppV2zpv1mtOHdqWbTdQDRWk1nDOHIi0UqAKlmgPzXd3lJAsorEiHEs5QHaqvBwLxQins7KbSZpiMsEhHWga44hKL5+fPoMnWhnBIBG6YgXn6veJHEdSTiNfd0ZYjeVvrxD/8gaZCppezuI0UzQmi0VBxqFKYJEDHDFBieJTTTARTN8KyRgLTJROq6xD+PoU/k+6NQvZFrp2qq3WMo4SOALH4BQg0AAtcAXaoAMIuAMP4Ak8G/fGo/FivC5aV4zlzCH4AePtEwrzkzM=</latexit><latexit sha1_base64="EAjqEb1Nnes2fUeEmOQzJHbbzJc=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUwNbd0VdOGygn1AE8pkOkmHTh7MTJQS+yluXCji1i9x5984aSuo6IELh3Pu5d57/JQzqWz7w1hZXVvf2Cxtlbd3dvf2zcpBVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb8yUXh926pkCyJb9Q0pV6Ew5gFjGClpaFZcS8pVxi66ZhBNwwhGppV2zpv1mtOHdqWbTdQDRWk1nDOHIi0UqAKlmgPzXd3lJAsorEiHEs5QHaqvBwLxQins7KbSZpiMsEhHWga44hKL5+fPoMnWhnBIBG6YgXn6veJHEdSTiNfd0ZYjeVvrxD/8gaZCppezuI0UzQmi0VBxqFKYJEDHDFBieJTTTARTN8KyRgLTJROq6xD+PoU/k+6NQvZFrp2qq3WMo4SOALH4BQg0AAtcAXaoAMIuAMP4Ak8G/fGo/FivC5aV4zlzCH4AePtEwrzkzM=</latexit><latexit sha1_base64="EAjqEb1Nnes2fUeEmOQzJHbbzJc=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUwNbd0VdOGygn1AE8pkOkmHTh7MTJQS+yluXCji1i9x5984aSuo6IELh3Pu5d57/JQzqWz7w1hZXVvf2Cxtlbd3dvf2zcpBVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb8yUXh926pkCyJb9Q0pV6Ew5gFjGClpaFZcS8pVxi66ZhBNwwhGppV2zpv1mtOHdqWbTdQDRWk1nDOHIi0UqAKlmgPzXd3lJAsorEiHEs5QHaqvBwLxQins7KbSZpiMsEhHWga44hKL5+fPoMnWhnBIBG6YgXn6veJHEdSTiNfd0ZYjeVvrxD/8gaZCppezuI0UzQmi0VBxqFKYJEDHDFBieJTTTARTN8KyRgLTJROq6xD+PoU/k+6NQvZFrp2qq3WMo4SOALH4BQg0AAtcAXaoAMIuAMP4Ak8G/fGo/FivC5aV4zlzCH4AePtEwrzkzM=</latexit><latexit sha1_base64="EAjqEb1Nnes2fUeEmOQzJHbbzJc=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUwNbd0VdOGygn1AE8pkOkmHTh7MTJQS+yluXCji1i9x5984aSuo6IELh3Pu5d57/JQzqWz7w1hZXVvf2Cxtlbd3dvf2zcpBVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb8yUXh926pkCyJb9Q0pV6Ew5gFjGClpaFZcS8pVxi66ZhBNwwhGppV2zpv1mtOHdqWbTdQDRWk1nDOHIi0UqAKlmgPzXd3lJAsorEiHEs5QHaqvBwLxQins7KbSZpiMsEhHWga44hKL5+fPoMnWhnBIBG6YgXn6veJHEdSTiNfd0ZYjeVvrxD/8gaZCppezuI0UzQmi0VBxqFKYJEDHDFBieJTTTARTN8KyRgLTJROq6xD+PoU/k+6NQvZFrp2qq3WMo4SOALH4BQg0AAtcAXaoAMIuAMP4Ak8G/fGo/FivC5aV4zlzCH4AePtEwrzkzM=</latexit>

m�,⇤�
<latexit sha1_base64="iN1QBwSHd6mQp67JR2Q7MFoGcgo=">AAACAHicdVDNS8MwHE3n15xfVQ8evASH4EFGK9Ntt4EXDx4muA9YS0nTdAtL2pKkwii9+K948aCIV/8Mb/43ZlsFFX0QeHnv90h+z08YlcqyPozS0vLK6lp5vbKxubW9Y+7u9WScCky6OGaxGPhIEkYj0lVUMTJIBEHcZ6TvTy5nfv+OCEnj6FZNE+JyNIpoSDFSWvLMA+5lTjKm+alzrVMBKq6eWbVqrWb94rwJNdFo1AvSsqFds+aoggIdz3x3ghinnEQKMyTl0LYS5WZIKIoZyStOKkmC8ASNyFDTCHEi3Wy+QA6PtRLAMBb6RArO1e+JDHEpp9zXkxypsfztzcS/vGGqwqab0ShJFYnw4qEwZVDFcNYGDKggWLGpJggLqv8K8RgJhJXurKJL+NoU/k96ZzXbqtk39Wq7XdRRBofgCJwAGzRAG1yBDugCDHLwAJ7As3FvPBovxutitGQUmX3wA8bbJ8vwlzI=</latexit><latexit sha1_base64="iN1QBwSHd6mQp67JR2Q7MFoGcgo=">AAACAHicdVDNS8MwHE3n15xfVQ8evASH4EFGK9Ntt4EXDx4muA9YS0nTdAtL2pKkwii9+K948aCIV/8Mb/43ZlsFFX0QeHnv90h+z08YlcqyPozS0vLK6lp5vbKxubW9Y+7u9WScCky6OGaxGPhIEkYj0lVUMTJIBEHcZ6TvTy5nfv+OCEnj6FZNE+JyNIpoSDFSWvLMA+5lTjKm+alzrVMBKq6eWbVqrWb94rwJNdFo1AvSsqFds+aoggIdz3x3ghinnEQKMyTl0LYS5WZIKIoZyStOKkmC8ASNyFDTCHEi3Wy+QA6PtRLAMBb6RArO1e+JDHEpp9zXkxypsfztzcS/vGGqwqab0ShJFYnw4qEwZVDFcNYGDKggWLGpJggLqv8K8RgJhJXurKJL+NoU/k96ZzXbqtk39Wq7XdRRBofgCJwAGzRAG1yBDugCDHLwAJ7As3FvPBovxutitGQUmX3wA8bbJ8vwlzI=</latexit><latexit sha1_base64="iN1QBwSHd6mQp67JR2Q7MFoGcgo=">AAACAHicdVDNS8MwHE3n15xfVQ8evASH4EFGK9Ntt4EXDx4muA9YS0nTdAtL2pKkwii9+K948aCIV/8Mb/43ZlsFFX0QeHnv90h+z08YlcqyPozS0vLK6lp5vbKxubW9Y+7u9WScCky6OGaxGPhIEkYj0lVUMTJIBEHcZ6TvTy5nfv+OCEnj6FZNE+JyNIpoSDFSWvLMA+5lTjKm+alzrVMBKq6eWbVqrWb94rwJNdFo1AvSsqFds+aoggIdz3x3ghinnEQKMyTl0LYS5WZIKIoZyStOKkmC8ASNyFDTCHEi3Wy+QA6PtRLAMBb6RArO1e+JDHEpp9zXkxypsfztzcS/vGGqwqab0ShJFYnw4qEwZVDFcNYGDKggWLGpJggLqv8K8RgJhJXurKJL+NoU/k96ZzXbqtk39Wq7XdRRBofgCJwAGzRAG1yBDugCDHLwAJ7As3FvPBovxutitGQUmX3wA8bbJ8vwlzI=</latexit><latexit sha1_base64="iN1QBwSHd6mQp67JR2Q7MFoGcgo=">AAACAHicdVDNS8MwHE3n15xfVQ8evASH4EFGK9Ntt4EXDx4muA9YS0nTdAtL2pKkwii9+K948aCIV/8Mb/43ZlsFFX0QeHnv90h+z08YlcqyPozS0vLK6lp5vbKxubW9Y+7u9WScCky6OGaxGPhIEkYj0lVUMTJIBEHcZ6TvTy5nfv+OCEnj6FZNE+JyNIpoSDFSWvLMA+5lTjKm+alzrVMBKq6eWbVqrWb94rwJNdFo1AvSsqFds+aoggIdz3x3ghinnEQKMyTl0LYS5WZIKIoZyStOKkmC8ASNyFDTCHEi3Wy+QA6PtRLAMBb6RArO1e+JDHEpp9zXkxypsfztzcS/vGGqwqab0ShJFYnw4qEwZVDFcNYGDKggWLGpJggLqv8K8RgJhJXurKJL+NoU/k96ZzXbqtk39Wq7XdRRBofgCJwAGzRAG1yBDugCDHLwAJ7As3FvPBovxutitGQUmX3wA8bbJ8vwlzI=</latexit>

towers of 

light states 

����
d⇤(t)KK

dt

���� ⌧ ⇤(t)2KK
<latexit sha1_base64="29mCJvoBo46J9efr7w0QYH3ahsM="></latexit><latexit sha1_base64="29mCJvoBo46J9efr7w0QYH3ahsM="></latexit><latexit sha1_base64="29mCJvoBo46J9efr7w0QYH3ahsM="></latexit><latexit sha1_base64="29mCJvoBo46J9efr7w0QYH3ahsM="></latexit>

Cutoff is adiabatic

mKK(t) � H(t)
<latexit sha1_base64="5HllbNQA9+nuKq4/uajzlwdlPlo=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8Ei1E1I2kLbXcFNoZsK9gJtCJPpJB06uTAzEUvIq7hxoYhbX8Sdb+O0jaCiPwx8/OcczpnfjRkV0jQ/tMLW9s7uXnG/dHB4dHyin5aHIko4JgMcsYiPXSQIoyEZSCoZGcecoMBlZOQurlf10R3hgkbhrVzGxA6QH1KPYiSV5ejlwEl7vawqr+DU92FXgaNXTKPdatbrNahAqdnIoW1ByzDXqoBcfUd/n84inAQklJghISaWGUs7RVxSzEhWmiaCxAgvkE8mCkMUEGGn69szeKmcGfQirl4o4dr9PpGiQIhl4KrOAMm5+F1bmX/VJon0WnZKwziRJMSbRV7CoIzgKgg4o5xgyZYKEOZU3QrxHHGEpYqrpEL4+in8H4Y1wzIN66ZR6XTyOIrgHFyAKrBAE3RAF/TBAGBwDx7AE3jWMu1Re9FeN60FLZ85Az+kvX0CfJ+TcA==</latexit><latexit sha1_base64="5HllbNQA9+nuKq4/uajzlwdlPlo=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8Ei1E1I2kLbXcFNoZsK9gJtCJPpJB06uTAzEUvIq7hxoYhbX8Sdb+O0jaCiPwx8/OcczpnfjRkV0jQ/tMLW9s7uXnG/dHB4dHyin5aHIko4JgMcsYiPXSQIoyEZSCoZGcecoMBlZOQurlf10R3hgkbhrVzGxA6QH1KPYiSV5ejlwEl7vawqr+DU92FXgaNXTKPdatbrNahAqdnIoW1ByzDXqoBcfUd/n84inAQklJghISaWGUs7RVxSzEhWmiaCxAgvkE8mCkMUEGGn69szeKmcGfQirl4o4dr9PpGiQIhl4KrOAMm5+F1bmX/VJon0WnZKwziRJMSbRV7CoIzgKgg4o5xgyZYKEOZU3QrxHHGEpYqrpEL4+in8H4Y1wzIN66ZR6XTyOIrgHFyAKrBAE3RAF/TBAGBwDx7AE3jWMu1Re9FeN60FLZ85Az+kvX0CfJ+TcA==</latexit><latexit sha1_base64="5HllbNQA9+nuKq4/uajzlwdlPlo=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8Ei1E1I2kLbXcFNoZsK9gJtCJPpJB06uTAzEUvIq7hxoYhbX8Sdb+O0jaCiPwx8/OcczpnfjRkV0jQ/tMLW9s7uXnG/dHB4dHyin5aHIko4JgMcsYiPXSQIoyEZSCoZGcecoMBlZOQurlf10R3hgkbhrVzGxA6QH1KPYiSV5ejlwEl7vawqr+DU92FXgaNXTKPdatbrNahAqdnIoW1ByzDXqoBcfUd/n84inAQklJghISaWGUs7RVxSzEhWmiaCxAgvkE8mCkMUEGGn69szeKmcGfQirl4o4dr9PpGiQIhl4KrOAMm5+F1bmX/VJon0WnZKwziRJMSbRV7CoIzgKgg4o5xgyZYKEOZU3QrxHHGEpYqrpEL4+in8H4Y1wzIN66ZR6XTyOIrgHFyAKrBAE3RAF/TBAGBwDx7AE3jWMu1Re9FeN60FLZ85Az+kvX0CfJ+TcA==</latexit><latexit sha1_base64="5HllbNQA9+nuKq4/uajzlwdlPlo=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8Ei1E1I2kLbXcFNoZsK9gJtCJPpJB06uTAzEUvIq7hxoYhbX8Sdb+O0jaCiPwx8/OcczpnfjRkV0jQ/tMLW9s7uXnG/dHB4dHyin5aHIko4JgMcsYiPXSQIoyEZSCoZGcecoMBlZOQurlf10R3hgkbhrVzGxA6QH1KPYiSV5ejlwEl7vawqr+DU92FXgaNXTKPdatbrNahAqdnIoW1ByzDXqoBcfUd/n84inAQklJghISaWGUs7RVxSzEhWmiaCxAgvkE8mCkMUEGGn69szeKmcGfQirl4o4dr9PpGiQIhl4KrOAMm5+F1bmX/VJon0WnZKwziRJMSbRV7CoIzgKgg4o5xgyZYKEOZU3QrxHHGEpYqrpEL4+in8H4Y1wzIN66ZR6XTyOIrgHFyAKrBAE3RAF/TBAGBwDx7AE3jWMu1Re9FeN60FLZ85Az+kvX0CfJ+TcA==</latexit>

KK modes above Hubble

Invalidate the EFT

”Static” 

Dynamics



#2 Trackers and axions

Universal coupling through kin term

Late time attractor Fixed ratios

Reformulate as a dynamical system  See also [Shiu,Tonioni,Tran ’23] x 2

x ⇠ y ⇠ z
<latexit sha1_base64="XK441Tkxv1DU5ydV/uX8dz6ak64=">AAAB+HicdVDLSsNAFL2pr1ofjbp0M1gEVyGxgnZXcOOygn1AG8pkOmmHziRhZiKmoV/ixoUibv0Ud/6N0wfi88DlHs65l7lzgoQzpV333SqsrK6tbxQ3S1vbO7tle2+/peJUEtokMY9lJ8CKchbRpmaa004iKRYBp+1gfDnz27dUKhZHNzpLqC/wMGIhI1gbqW+X71BPMYGyRZv07Yrr1GpetVZFnuPO8ZtUYIlG337rDWKSChppwrFSXc9NtJ9jqRnhdFrqpYommIzxkHYNjbCgys/nh0/RsVEGKIylqUijufp1I8dCqUwEZlJgPVI/vZn4l9dNdXjh5yxKUk0jsngoTDnSMZqlgAZMUqJ5ZggmkplbERlhiYk2WZVMCP///ZO0Th3Pdbzrs0q9voyjCIdwBCfgwTnU4Qoa0AQCKdzDIzxZE+vBerZeFqMFa7lzAN9gvX4A6yKSmA==</latexit><latexit sha1_base64="XK441Tkxv1DU5ydV/uX8dz6ak64=">AAAB+HicdVDLSsNAFL2pr1ofjbp0M1gEVyGxgnZXcOOygn1AG8pkOmmHziRhZiKmoV/ixoUibv0Ud/6N0wfi88DlHs65l7lzgoQzpV333SqsrK6tbxQ3S1vbO7tle2+/peJUEtokMY9lJ8CKchbRpmaa004iKRYBp+1gfDnz27dUKhZHNzpLqC/wMGIhI1gbqW+X71BPMYGyRZv07Yrr1GpetVZFnuPO8ZtUYIlG337rDWKSChppwrFSXc9NtJ9jqRnhdFrqpYommIzxkHYNjbCgys/nh0/RsVEGKIylqUijufp1I8dCqUwEZlJgPVI/vZn4l9dNdXjh5yxKUk0jsngoTDnSMZqlgAZMUqJ5ZggmkplbERlhiYk2WZVMCP///ZO0Th3Pdbzrs0q9voyjCIdwBCfgwTnU4Qoa0AQCKdzDIzxZE+vBerZeFqMFa7lzAN9gvX4A6yKSmA==</latexit><latexit sha1_base64="XK441Tkxv1DU5ydV/uX8dz6ak64=">AAAB+HicdVDLSsNAFL2pr1ofjbp0M1gEVyGxgnZXcOOygn1AG8pkOmmHziRhZiKmoV/ixoUibv0Ud/6N0wfi88DlHs65l7lzgoQzpV333SqsrK6tbxQ3S1vbO7tle2+/peJUEtokMY9lJ8CKchbRpmaa004iKRYBp+1gfDnz27dUKhZHNzpLqC/wMGIhI1gbqW+X71BPMYGyRZv07Yrr1GpetVZFnuPO8ZtUYIlG337rDWKSChppwrFSXc9NtJ9jqRnhdFrqpYommIzxkHYNjbCgys/nh0/RsVEGKIylqUijufp1I8dCqUwEZlJgPVI/vZn4l9dNdXjh5yxKUk0jsngoTDnSMZqlgAZMUqJ5ZggmkplbERlhiYk2WZVMCP///ZO0Th3Pdbzrs0q9voyjCIdwBCfgwTnU4Qoa0AQCKdzDIzxZE+vBerZeFqMFa7lzAN9gvX4A6yKSmA==</latexit><latexit sha1_base64="XK441Tkxv1DU5ydV/uX8dz6ak64=">AAAB+HicdVDLSsNAFL2pr1ofjbp0M1gEVyGxgnZXcOOygn1AG8pkOmmHziRhZiKmoV/ixoUibv0Ud/6N0wfi88DlHs65l7lzgoQzpV333SqsrK6tbxQ3S1vbO7tle2+/peJUEtokMY9lJ8CKchbRpmaa004iKRYBp+1gfDnz27dUKhZHNzpLqC/wMGIhI1gbqW+X71BPMYGyRZv07Yrr1GpetVZFnuPO8ZtUYIlG337rDWKSChppwrFSXc9NtJ9jqRnhdFrqpYommIzxkHYNjbCgys/nh0/RsVEGKIylqUijufp1I8dCqUwEZlJgPVI/vZn4l9dNdXjh5yxKUk0jsngoTDnSMZqlgAZMUqJ5ZggmkplbERlhiYk2WZVMCP///ZO0Th3Pdbzrs0q9voyjCIdwBCfgwTnU4Qoa0AQCKdzDIzxZE+vBerZeFqMFa7lzAN9gvX4A6yKSmA==</latexit>

Matter/radiation+ rolling scalar Trackers

 [Copeland,Liddle,Wands’98] 

8
><

>:

ẋ = fx(x, y, z)

ẏ = fy(x, y, z)

ż = fz(x, y, z)
<latexit sha1_base64="vghDfmCkg+vdtHmWZa2H/hA2owc="></latexit><latexit sha1_base64="vghDfmCkg+vdtHmWZa2H/hA2owc="></latexit><latexit sha1_base64="vghDfmCkg+vdtHmWZa2H/hA2owc="></latexit><latexit sha1_base64="vghDfmCkg+vdtHmWZa2H/hA2owc="></latexit>

L � (@s)2 + (@b)2

s2
+

V0

s�
<latexit sha1_base64="YJaLD7uhOBOz5jcAXuCQZsxaJys="></latexit><latexit sha1_base64="YJaLD7uhOBOz5jcAXuCQZsxaJys="></latexit><latexit sha1_base64="YJaLD7uhOBOz5jcAXuCQZsxaJys="></latexit><latexit sha1_base64="YJaLD7uhOBOz5jcAXuCQZsxaJys="></latexit>

What about Axions? [FR, WiP] 

[Wetterich ’88] [Ferreira,Joyce ’98] 

x =
ús

!
6Hs

y =
úb

!
6Hs

z =
1
H

!
V (s)

3
<latexit sha1_base64="kr4ObXIjNGCCpAIKRUDKppxwzNI=">AAACVnicjVFNSwMxFMxu1db6terRS7AI9VJ2VdSLUPDSYwXbCt1SsmlWg9mPJm/FGvIn9aI/xYuYfhxUFBwIDDPzeI9JlAuuwPffHLe0tLxSrqxW19Y3Nre87Z2uygpJWYdmIpM3EVFM8JR1gINgN7lkJIkE60X3l1O/98Ck4ll6DZOcDRJym/KYUwJWGnrJ40UYS0J1OMpAK2N0qMYS9KnBLawMDscFGeHJ11D0R+hpEQqMblltlpgr3bo6NPrYmKFXCxr+DPhvUkMLtIfes11Ji4SlQAVRqh/4OQw0kcCpYKYaForlhN6TW9a3NCUJUwM9q8XgA6uMcJxJ+1LAM/XrhCaJUpMkssmEwJ366U3F37x+AfH5QPM0L4CldL4oLgSGDE87xiMuGQUxsYRQye2tmN4R2wTYn6j+r4TuUSPwG8HVSa3ZXNRRQXtoH9VRgM5QE7VQG3UQRS/o3XGdkvPqfLjLbnkedZ3FzC76Btf7BHVmtfA=</latexit><latexit sha1_base64="kr4ObXIjNGCCpAIKRUDKppxwzNI=">AAACVnicjVFNSwMxFMxu1db6terRS7AI9VJ2VdSLUPDSYwXbCt1SsmlWg9mPJm/FGvIn9aI/xYuYfhxUFBwIDDPzeI9JlAuuwPffHLe0tLxSrqxW19Y3Nre87Z2uygpJWYdmIpM3EVFM8JR1gINgN7lkJIkE60X3l1O/98Ck4ll6DZOcDRJym/KYUwJWGnrJ40UYS0J1OMpAK2N0qMYS9KnBLawMDscFGeHJ11D0R+hpEQqMblltlpgr3bo6NPrYmKFXCxr+DPhvUkMLtIfes11Ji4SlQAVRqh/4OQw0kcCpYKYaForlhN6TW9a3NCUJUwM9q8XgA6uMcJxJ+1LAM/XrhCaJUpMkssmEwJ366U3F37x+AfH5QPM0L4CldL4oLgSGDE87xiMuGQUxsYRQye2tmN4R2wTYn6j+r4TuUSPwG8HVSa3ZXNRRQXtoH9VRgM5QE7VQG3UQRS/o3XGdkvPqfLjLbnkedZ3FzC76Btf7BHVmtfA=</latexit><latexit sha1_base64="kr4ObXIjNGCCpAIKRUDKppxwzNI=">AAACVnicjVFNSwMxFMxu1db6terRS7AI9VJ2VdSLUPDSYwXbCt1SsmlWg9mPJm/FGvIn9aI/xYuYfhxUFBwIDDPzeI9JlAuuwPffHLe0tLxSrqxW19Y3Nre87Z2uygpJWYdmIpM3EVFM8JR1gINgN7lkJIkE60X3l1O/98Ck4ll6DZOcDRJym/KYUwJWGnrJ40UYS0J1OMpAK2N0qMYS9KnBLawMDscFGeHJ11D0R+hpEQqMblltlpgr3bo6NPrYmKFXCxr+DPhvUkMLtIfes11Ji4SlQAVRqh/4OQw0kcCpYKYaForlhN6TW9a3NCUJUwM9q8XgA6uMcJxJ+1LAM/XrhCaJUpMkssmEwJ366U3F37x+AfH5QPM0L4CldL4oLgSGDE87xiMuGQUxsYRQye2tmN4R2wTYn6j+r4TuUSPwG8HVSa3ZXNRRQXtoH9VRgM5QE7VQG3UQRS/o3XGdkvPqfLjLbnkedZ3FzC76Btf7BHVmtfA=</latexit><latexit sha1_base64="kr4ObXIjNGCCpAIKRUDKppxwzNI=">AAACVnicjVFNSwMxFMxu1db6terRS7AI9VJ2VdSLUPDSYwXbCt1SsmlWg9mPJm/FGvIn9aI/xYuYfhxUFBwIDDPzeI9JlAuuwPffHLe0tLxSrqxW19Y3Nre87Z2uygpJWYdmIpM3EVFM8JR1gINgN7lkJIkE60X3l1O/98Ck4ll6DZOcDRJym/KYUwJWGnrJ40UYS0J1OMpAK2N0qMYS9KnBLawMDscFGeHJ11D0R+hpEQqMblltlpgr3bo6NPrYmKFXCxr+DPhvUkMLtIfes11Ji4SlQAVRqh/4OQw0kcCpYKYaForlhN6TW9a3NCUJUwM9q8XgA6uMcJxJ+1LAM/XrhCaJUpMkssmEwJ366U3F37x+AfH5QPM0L4CldL4oLgSGDE87xiMuGQUxsYRQye2tmN4R2wTYn6j+r4TuUSPwG8HVSa3ZXNRRQXtoH9VRgM5QE7VQG3UQRS/o3XGdkvPqfLjLbnkedZ3FzC76Btf7BHVmtfA=</latexit>

T = s + ib
<latexit sha1_base64="ip9dLg8U/6PKMIijllIQz3RYMG4=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBZBEELSWrUHoeDFY4V+SRvKZrtpl+5uwu5GKKW/wosHRbz6c7z5b0zTClX0wcDjvRlm5vkRZ9o4zqeVWVldW9/Ibua2tnd29/L7B00dxorQBgl5qNo+1pQzSRuGGU7bkaJY+Jy2/NHNzG89UKVZKOtmHFFP4IFkASPYJNJ9/RrpM8SQ38sXXNtJgRy7UrkoueWUlIplB31bBVig1st/dPshiQWVhnCsdcd1IuNNsDKMcDrNdWNNI0xGeEA7CZVYUO1N0oOn6CRR+igIVVLSoFRdnphgofVY+EmnwGaof3sz8S+vE5vgypswGcWGSjJfFMQcmRDNvkd9pigxfJwQTBRLbkVkiBUmJskotxzC/6RZtF3Hdu/OC9XqIo4sHMExnIILl1CFW6hBAwgIeIRneLGU9WS9Wm/z1oy1mDmEH7DevwBKE49q</latexit><latexit sha1_base64="ip9dLg8U/6PKMIijllIQz3RYMG4=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBZBEELSWrUHoeDFY4V+SRvKZrtpl+5uwu5GKKW/wosHRbz6c7z5b0zTClX0wcDjvRlm5vkRZ9o4zqeVWVldW9/Ibua2tnd29/L7B00dxorQBgl5qNo+1pQzSRuGGU7bkaJY+Jy2/NHNzG89UKVZKOtmHFFP4IFkASPYJNJ9/RrpM8SQ38sXXNtJgRy7UrkoueWUlIplB31bBVig1st/dPshiQWVhnCsdcd1IuNNsDKMcDrNdWNNI0xGeEA7CZVYUO1N0oOn6CRR+igIVVLSoFRdnphgofVY+EmnwGaof3sz8S+vE5vgypswGcWGSjJfFMQcmRDNvkd9pigxfJwQTBRLbkVkiBUmJskotxzC/6RZtF3Hdu/OC9XqIo4sHMExnIILl1CFW6hBAwgIeIRneLGU9WS9Wm/z1oy1mDmEH7DevwBKE49q</latexit><latexit sha1_base64="ip9dLg8U/6PKMIijllIQz3RYMG4=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBZBEELSWrUHoeDFY4V+SRvKZrtpl+5uwu5GKKW/wosHRbz6c7z5b0zTClX0wcDjvRlm5vkRZ9o4zqeVWVldW9/Ibua2tnd29/L7B00dxorQBgl5qNo+1pQzSRuGGU7bkaJY+Jy2/NHNzG89UKVZKOtmHFFP4IFkASPYJNJ9/RrpM8SQ38sXXNtJgRy7UrkoueWUlIplB31bBVig1st/dPshiQWVhnCsdcd1IuNNsDKMcDrNdWNNI0xGeEA7CZVYUO1N0oOn6CRR+igIVVLSoFRdnphgofVY+EmnwGaof3sz8S+vE5vgypswGcWGSjJfFMQcmRDNvkd9pigxfJwQTBRLbkVkiBUmJskotxzC/6RZtF3Hdu/OC9XqIo4sHMExnIILl1CFW6hBAwgIeIRneLGU9WS9Wm/z1oy1mDmEH7DevwBKE49q</latexit><latexit sha1_base64="ip9dLg8U/6PKMIijllIQz3RYMG4=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBZBEELSWrUHoeDFY4V+SRvKZrtpl+5uwu5GKKW/wosHRbz6c7z5b0zTClX0wcDjvRlm5vkRZ9o4zqeVWVldW9/Ibua2tnd29/L7B00dxorQBgl5qNo+1pQzSRuGGU7bkaJY+Jy2/NHNzG89UKVZKOtmHFFP4IFkASPYJNJ9/RrpM8SQ38sXXNtJgRy7UrkoueWUlIplB31bBVig1st/dPshiQWVhnCsdcd1IuNNsDKMcDrNdWNNI0xGeEA7CZVYUO1N0oOn6CRR+igIVVLSoFRdnphgofVY+EmnwGaof3sz8S+vE5vgypswGcWGSjJfFMQcmRDNvkd9pigxfJwQTBRLbkVkiBUmJskotxzC/6RZtF3Hdu/OC9XqIo4sHMExnIILl1CFW6hBAwgIeIRneLGU9WS9Wm/z1oy1mDmEH7DevwBKE49q</latexit>

ús(t) ! úb(t) ! t2/ ! ! 1
<latexit sha1_base64="ohSWO1Newh4+ez4Mz2ysJpi4lKE=">AAACGXicjVDLSgMxFM3UV62vUZdugkWoC+tMEXRZcOOygn1AZyyZTKYNzTxI7ghlmN9w46+4caGIS135N6bTgg8UPBA495x7b5LjJYIrsKx3o7SwuLS8Ul6trK1vbG6Z2zsdFaeSsjaNRSx7HlFM8Ii1gYNgvUQyEnqCdb3x+dTv3jCpeBxdwSRhbkiGEQ84JaClgWk5fgyZymtwiB3FQ1zU3mcN11nj2BF6o0/wkZ0PzKpdtwrgv0kVzdEamK96JU1DFgEVRKm+bSXgZkQCp4LlFSdVLCF0TIasr2lEQqbcrPhZjg+04uMglvpEgAv160RGQqUmoac7QwIj9dObir95/RSCMzfjUZICi+jsoiAVGGI8jQn7XDIKYqIJoZLrt2I6IpJQ0GFW/hdCp1G3rbp9eVJtNudxlNEe2kc1ZKNT1EQXqIXaiKJbdI8e0ZNxZzwYz8bLrLVkzGd20TcYbx+Cap9R</latexit><latexit sha1_base64="ohSWO1Newh4+ez4Mz2ysJpi4lKE=">AAACGXicjVDLSgMxFM3UV62vUZdugkWoC+tMEXRZcOOygn1AZyyZTKYNzTxI7ghlmN9w46+4caGIS135N6bTgg8UPBA495x7b5LjJYIrsKx3o7SwuLS8Ul6trK1vbG6Z2zsdFaeSsjaNRSx7HlFM8Ii1gYNgvUQyEnqCdb3x+dTv3jCpeBxdwSRhbkiGEQ84JaClgWk5fgyZymtwiB3FQ1zU3mcN11nj2BF6o0/wkZ0PzKpdtwrgv0kVzdEamK96JU1DFgEVRKm+bSXgZkQCp4LlFSdVLCF0TIasr2lEQqbcrPhZjg+04uMglvpEgAv160RGQqUmoac7QwIj9dObir95/RSCMzfjUZICi+jsoiAVGGI8jQn7XDIKYqIJoZLrt2I6IpJQ0GFW/hdCp1G3rbp9eVJtNudxlNEe2kc1ZKNT1EQXqIXaiKJbdI8e0ZNxZzwYz8bLrLVkzGd20TcYbx+Cap9R</latexit><latexit sha1_base64="ohSWO1Newh4+ez4Mz2ysJpi4lKE=">AAACGXicjVDLSgMxFM3UV62vUZdugkWoC+tMEXRZcOOygn1AZyyZTKYNzTxI7ghlmN9w46+4caGIS135N6bTgg8UPBA495x7b5LjJYIrsKx3o7SwuLS8Ul6trK1vbG6Z2zsdFaeSsjaNRSx7HlFM8Ii1gYNgvUQyEnqCdb3x+dTv3jCpeBxdwSRhbkiGEQ84JaClgWk5fgyZymtwiB3FQ1zU3mcN11nj2BF6o0/wkZ0PzKpdtwrgv0kVzdEamK96JU1DFgEVRKm+bSXgZkQCp4LlFSdVLCF0TIasr2lEQqbcrPhZjg+04uMglvpEgAv160RGQqUmoac7QwIj9dObir95/RSCMzfjUZICi+jsoiAVGGI8jQn7XDIKYqIJoZLrt2I6IpJQ0GFW/hdCp1G3rbp9eVJtNudxlNEe2kc1ZKNT1EQXqIXaiKJbdI8e0ZNxZzwYz8bLrLVkzGd20TcYbx+Cap9R</latexit><latexit sha1_base64="ohSWO1Newh4+ez4Mz2ysJpi4lKE=">AAACGXicjVDLSgMxFM3UV62vUZdugkWoC+tMEXRZcOOygn1AZyyZTKYNzTxI7ghlmN9w46+4caGIS135N6bTgg8UPBA495x7b5LjJYIrsKx3o7SwuLS8Ul6trK1vbG6Z2zsdFaeSsjaNRSx7HlFM8Ii1gYNgvUQyEnqCdb3x+dTv3jCpeBxdwSRhbkiGEQ84JaClgWk5fgyZymtwiB3FQ1zU3mcN11nj2BF6o0/wkZ0PzKpdtwrgv0kVzdEamK96JU1DFgEVRKm+bSXgZkQCp4LlFSdVLCF0TIasr2lEQqbcrPhZjg+04uMglvpEgAv160RGQqUmoac7QwIj9dObir95/RSCMzfjUZICi+jsoiAVGGI8jQn7XDIKYqIJoZLrt2I6IpJQ0GFW/hdCp1G3rbp9eVJtNudxlNEe2kc1ZKNT1EQXqIXaiKJbdI8e0ZNxZzwYz8bLrLVkzGd20TcYbx+Cap9R</latexit>

 [Russo, Townsend ’22] 



#3 A non-standard picture

Other Signatures of kination/tracker epochs?

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

Scalar perturbations

small scale structure?

[Apers,Conlon,Copeland,FR WIP]

Gravitational waves [Muia,Schachner,Quevedo,Villa ’23]

Axion kination [Co,Harigaya’20] [Co,Hall,Harigaya’20] 
[Gouttenoire,Servant,Simakachorn ’21] x 2+…



Thank you for your attention!



Kasner metric

ds2 = ! dt2 +
d!

i =1

t2pi dxi
2 +

D ! d! 1!

j =1

t2qj dyj
2

<latexit sha1_base64="LwRwuaWD+xsJJDCr2ybw5TurY/w="></latexit><latexit sha1_base64="LwRwuaWD+xsJJDCr2ybw5TurY/w="></latexit><latexit sha1_base64="LwRwuaWD+xsJJDCr2ybw5TurY/w="></latexit><latexit sha1_base64="LwRwuaWD+xsJJDCr2ybw5TurY/w="></latexit>

ds
<latexit sha1_base64="vdC3SLtoG20oKvkJZFz5yldv89Q=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0gk2PZW9OKxirWFNpTNZtMu3WzC7kYoof/AiwdFvPqPvPlv3LYRVPTBwOO9GWbmBSlnSjvOh1VaWV1b3yhvVra2d3b3qvsHdyrJJKEdkvBE9gKsKGeCdjTTnPZSSXEccNoNJpdzv3tPpWKJuNXTlPoxHgkWMYK1kW5CNazWHLvZOPc8BxliUPcK0nSRazsL1KBAe1h9H4QJyWIqNOFYqb7rpNrPsdSMcDqrDDJFU0wmeET7hgocU+Xni0tn6MQoIYoSaUpotFC/T+Q4VmoaB6Yzxnqsfntz8S+vn+mo4edMpJmmgiwXRRlHOkHzt1HIJCWaTw3BRDJzKyJjLDHRJpyKCeHrU/Q/uTuzXcd2r71a66KIowxHcAyn4EIdWnAFbegAgQge4AmerYn1aL1Yr8vWklXMHMIPWG+fTsuN4Q==</latexit><latexit sha1_base64="vdC3SLtoG20oKvkJZFz5yldv89Q=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0gk2PZW9OKxirWFNpTNZtMu3WzC7kYoof/AiwdFvPqPvPlv3LYRVPTBwOO9GWbmBSlnSjvOh1VaWV1b3yhvVra2d3b3qvsHdyrJJKEdkvBE9gKsKGeCdjTTnPZSSXEccNoNJpdzv3tPpWKJuNXTlPoxHgkWMYK1kW5CNazWHLvZOPc8BxliUPcK0nSRazsL1KBAe1h9H4QJyWIqNOFYqb7rpNrPsdSMcDqrDDJFU0wmeET7hgocU+Xni0tn6MQoIYoSaUpotFC/T+Q4VmoaB6Yzxnqsfntz8S+vn+mo4edMpJmmgiwXRRlHOkHzt1HIJCWaTw3BRDJzKyJjLDHRJpyKCeHrU/Q/uTuzXcd2r71a66KIowxHcAyn4EIdWnAFbegAgQge4AmerYn1aL1Yr8vWklXMHMIPWG+fTsuN4Q==</latexit><latexit sha1_base64="vdC3SLtoG20oKvkJZFz5yldv89Q=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0gk2PZW9OKxirWFNpTNZtMu3WzC7kYoof/AiwdFvPqPvPlv3LYRVPTBwOO9GWbmBSlnSjvOh1VaWV1b3yhvVra2d3b3qvsHdyrJJKEdkvBE9gKsKGeCdjTTnPZSSXEccNoNJpdzv3tPpWKJuNXTlPoxHgkWMYK1kW5CNazWHLvZOPc8BxliUPcK0nSRazsL1KBAe1h9H4QJyWIqNOFYqb7rpNrPsdSMcDqrDDJFU0wmeET7hgocU+Xni0tn6MQoIYoSaUpotFC/T+Q4VmoaB6Yzxnqsfntz8S+vn+mo4edMpJmmgiwXRRlHOkHzt1HIJCWaTw3BRDJzKyJjLDHRJpyKCeHrU/Q/uTuzXcd2r71a66KIowxHcAyn4EIdWnAFbegAgQge4AmerYn1aL1Yr8vWklXMHMIPWG+fTsuN4Q==</latexit><latexit sha1_base64="vdC3SLtoG20oKvkJZFz5yldv89Q=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0gk2PZW9OKxirWFNpTNZtMu3WzC7kYoof/AiwdFvPqPvPlv3LYRVPTBwOO9GWbmBSlnSjvOh1VaWV1b3yhvVra2d3b3qvsHdyrJJKEdkvBE9gKsKGeCdjTTnPZSSXEccNoNJpdzv3tPpWKJuNXTlPoxHgkWMYK1kW5CNazWHLvZOPc8BxliUPcK0nSRazsL1KBAe1h9H4QJyWIqNOFYqb7rpNrPsdSMcDqrDDJFU0wmeET7hgocU+Xni0tn6MQoIYoSaUpotFC/T+Q4VmoaB6Yzxnqsfntz8S+vn+mo4edMpJmmgiwXRRlHOkHzt1HIJCWaTw3BRDJzKyJjLDHRJpyKCeHrU/Q/uTuzXcd2r71a66KIowxHcAyn4EIdWnAFbegAgQge4AmerYn1aL1Yr8vWklXMHMIPWG+fTsuN4Q==</latexit>

“external” “internal”

d!

i =1

pi +
D ! d! 1!

j =1

qj = 1
<latexit sha1_base64="LABap6bjA2NcsMp4X25Bxfbtt/k="></latexit><latexit sha1_base64="LABap6bjA2NcsMp4X25Bxfbtt/k="></latexit><latexit sha1_base64="LABap6bjA2NcsMp4X25Bxfbtt/k="></latexit><latexit sha1_base64="LABap6bjA2NcsMp4X25Bxfbtt/k="></latexit>

d!

i =1

pi
2 +

D ! d! 1!

j =1

qj
2 = 1

<latexit sha1_base64="fB/pjLupMNFeb+EywbE7PWjfpds="></latexit><latexit sha1_base64="fB/pjLupMNFeb+EywbE7PWjfpds="></latexit><latexit sha1_base64="fB/pjLupMNFeb+EywbE7PWjfpds="></latexit><latexit sha1_base64="fB/pjLupMNFeb+EywbE7PWjfpds="></latexit>

One of the oldest solutions to GR! [Kasner 1921]

j

<latexit sha1_base64="N+HvsoZ5EMqPkspWr/ZJ067I+HY=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikUHsrevFYxX5AG8pmu2nXbjZhdyOU0H/gxYMiXv1H3vw3btIIKvpg4PHeDDPz/JgzpR3nwyqtrK6tb5Q3K1vbO7t71f2DrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82WXm9+6pVCwSt3oeUy/EE8ECRrA20s3oblStOXYzB1qSRr0gTRe5tpOjBgXao+r7cByRJKRCE46VGrhOrL0US80Ip4vKMFE0xmSGJ3RgqMAhVV6aX7pAJ0YZoyCSpoRGufp9IsWhUvPQN50h1lP128vEv7xBooNzL2UiTjQVZLkoSDjSEcreRmMmKdF8bggmkplbEZliiYk24VRMCF+fov9J98x2Hdu9rtdaF0UcZTiCYzgFFxrQgitoQwcIBPAAT/BszaxH68V6XbaWrGLmEH7AevsEW4mN6g==</latexit><latexit sha1_base64="N+HvsoZ5EMqPkspWr/ZJ067I+HY=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikUHsrevFYxX5AG8pmu2nXbjZhdyOU0H/gxYMiXv1H3vw3btIIKvpg4PHeDDPz/JgzpR3nwyqtrK6tb5Q3K1vbO7t71f2DrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82WXm9+6pVCwSt3oeUy/EE8ECRrA20s3oblStOXYzB1qSRr0gTRe5tpOjBgXao+r7cByRJKRCE46VGrhOrL0US80Ip4vKMFE0xmSGJ3RgqMAhVV6aX7pAJ0YZoyCSpoRGufp9IsWhUvPQN50h1lP128vEv7xBooNzL2UiTjQVZLkoSDjSEcreRmMmKdF8bggmkplbEZliiYk24VRMCF+fov9J98x2Hdu9rtdaF0UcZTiCYzgFFxrQgitoQwcIBPAAT/BszaxH68V6XbaWrGLmEH7AevsEW4mN6g==</latexit><latexit sha1_base64="N+HvsoZ5EMqPkspWr/ZJ067I+HY=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikUHsrevFYxX5AG8pmu2nXbjZhdyOU0H/gxYMiXv1H3vw3btIIKvpg4PHeDDPz/JgzpR3nwyqtrK6tb5Q3K1vbO7t71f2DrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82WXm9+6pVCwSt3oeUy/EE8ECRrA20s3oblStOXYzB1qSRr0gTRe5tpOjBgXao+r7cByRJKRCE46VGrhOrL0US80Ip4vKMFE0xmSGJ3RgqMAhVV6aX7pAJ0YZoyCSpoRGufp9IsWhUvPQN50h1lP128vEv7xBooNzL2UiTjQVZLkoSDjSEcreRmMmKdF8bggmkplbEZliiYk24VRMCF+fov9J98x2Hdu9rtdaF0UcZTiCYzgFFxrQgitoQwcIBPAAT/BszaxH68V6XbaWrGLmEH7AevsEW4mN6g==</latexit><latexit sha1_base64="N+HvsoZ5EMqPkspWr/ZJ067I+HY=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikUHsrevFYxX5AG8pmu2nXbjZhdyOU0H/gxYMiXv1H3vw3btIIKvpg4PHeDDPz/JgzpR3nwyqtrK6tb5Q3K1vbO7t71f2DrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82WXm9+6pVCwSt3oeUy/EE8ECRrA20s3oblStOXYzB1qSRr0gTRe5tpOjBgXao+r7cByRJKRCE46VGrhOrL0US80Ip4vKMFE0xmSGJ3RgqMAhVV6aX7pAJ0YZoyCSpoRGufp9IsWhUvPQN50h1lP128vEv7xBooNzL2UiTjQVZLkoSDjSEcreRmMmKdF8bggmkplbEZliiYk24VRMCF+fov9J98x2Hdu9rtdaF0UcZTiCYzgFFxrQgitoQwcIBPAAT/BszaxH68V6XbaWrGLmEH7AevsEW4mN6g==</latexit>

j
<latexit sha1_base64="DEPqeZlXGhjRZ595Zd1DHeJvyJM=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl0nZXdOOyin1AG8pkOmnHTiZhZiKU0D9w40IRt/6RO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ1eZ33mgUrFI3OlpTL0QjwQLGMHaSLeD+0Gx5Nj12kW5VkGGGFRXpO4i13bmKMESzUHxoz+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovnV86Q2dGGaIgkqaERnP1+0SKQ6WmoW86Q6zH6reXiX95vUQHNS9lIk40FWSxKEg40hHK3kZDJinRfGoIJpKZWxEZY4mJNuEUTAirT9H/pF22Xcd2byqlxuUyjjycwCmcgwtVaMA1NKEFBAJ4hGd4sSbWk/VqvS1ac9Zy5hh+wHr/AkDojdg=</latexit><latexit sha1_base64="DEPqeZlXGhjRZ595Zd1DHeJvyJM=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl0nZXdOOyin1AG8pkOmnHTiZhZiKU0D9w40IRt/6RO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ1eZ33mgUrFI3OlpTL0QjwQLGMHaSLeD+0Gx5Nj12kW5VkGGGFRXpO4i13bmKMESzUHxoz+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovnV86Q2dGGaIgkqaERnP1+0SKQ6WmoW86Q6zH6reXiX95vUQHNS9lIk40FWSxKEg40hHK3kZDJinRfGoIJpKZWxEZY4mJNuEUTAirT9H/pF22Xcd2byqlxuUyjjycwCmcgwtVaMA1NKEFBAJ4hGd4sSbWk/VqvS1ac9Zy5hh+wHr/AkDojdg=</latexit><latexit sha1_base64="DEPqeZlXGhjRZ595Zd1DHeJvyJM=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl0nZXdOOyin1AG8pkOmnHTiZhZiKU0D9w40IRt/6RO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ1eZ33mgUrFI3OlpTL0QjwQLGMHaSLeD+0Gx5Nj12kW5VkGGGFRXpO4i13bmKMESzUHxoz+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovnV86Q2dGGaIgkqaERnP1+0SKQ6WmoW86Q6zH6reXiX95vUQHNS9lIk40FWSxKEg40hHK3kZDJinRfGoIJpKZWxEZY4mJNuEUTAirT9H/pF22Xcd2byqlxuUyjjycwCmcgwtVaMA1NKEFBAJ4hGd4sSbWk/VqvS1ac9Zy5hh+wHr/AkDojdg=</latexit><latexit sha1_base64="DEPqeZlXGhjRZ595Zd1DHeJvyJM=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl0nZXdOOyin1AG8pkOmnHTiZhZiKU0D9w40IRt/6RO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ1eZ33mgUrFI3OlpTL0QjwQLGMHaSLeD+0Gx5Nj12kW5VkGGGFRXpO4i13bmKMESzUHxoz+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovnV86Q2dGGaIgkqaERnP1+0SKQ6WmoW86Q6zH6reXiX95vUQHNS9lIk40FWSxKEg40hHK3kZDJinRfGoIJpKZWxEZY4mJNuEUTAirT9H/pF22Xcd2byqlxuUyjjycwCmcgwtVaMA1NKEFBAJ4hGd4sSbWk/VqvS1ac9Zy5hh+wHr/AkDojdg=</latexit>

No isotropic expansion/contraction (unlike FLRW) 

Sourceless solution  to Einstein Equations



Avoiding the catastrophe

! kin ! a! 6
<latexit sha1_base64="JHzARJpAnCmnSSlAERpMpMmWpnE="></latexit><latexit sha1_base64="JHzARJpAnCmnSSlAERpMpMmWpnE="></latexit><latexit sha1_base64="JHzARJpAnCmnSSlAERpMpMmWpnE="></latexit><latexit sha1_base64="JHzARJpAnCmnSSlAERpMpMmWpnE="></latexit>

! mat ! a! 3
<latexit sha1_base64="BHMlWM8G3pvvsCuFN8h3PLB8YeQ="></latexit><latexit sha1_base64="BHMlWM8G3pvvsCuFN8h3PLB8YeQ="></latexit><latexit sha1_base64="BHMlWM8G3pvvsCuFN8h3PLB8YeQ="></latexit><latexit sha1_base64="BHMlWM8G3pvvsCuFN8h3PLB8YeQ="></latexit>

! rad ! a! 4
<latexit sha1_base64="lzdd5Qzk/99d0DklZoVsHITyXQs="></latexit><latexit sha1_base64="lzdd5Qzk/99d0DklZoVsHITyXQs="></latexit><latexit sha1_base64="lzdd5Qzk/99d0DklZoVsHITyXQs="></latexit><latexit sha1_base64="lzdd5Qzk/99d0DklZoVsHITyXQs="></latexit>

vs
(

<latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit>

will take over• In a quantum universe: radiation                                           

10d interpret: Kasner is unstable to perturbations

ds2 = ds2
kasner +

2! t2/ 3
!

6

!

i =1 ,2,3
j =4 ,..., 9

hij (t)dxi dyj ! 3

+ 2 ! 2t2/ 3
!

i,j =1 ,2,3
i<j

h2
ij (t)dxi dxj + ! 2t2/ 3

!

i =1 ,2,3

h2
ii (t)dx2

i

<latexit sha1_base64="H/E1/93CwJPAJaafRlEqgJPL45c="></latexit><latexit sha1_base64="H/E1/93CwJPAJaafRlEqgJPL45c="></latexit><latexit sha1_base64="H/E1/93CwJPAJaafRlEqgJPL45c="></latexit><latexit sha1_base64="H/E1/93CwJPAJaafRlEqgJPL45c="></latexit>

Radiation-like: ! ! a! 6+ "2a! 4
<latexit sha1_base64="LvGyb0bpI1xCedLKnV08HLNjPZU="></latexit><latexit sha1_base64="LvGyb0bpI1xCedLKnV08HLNjPZU="></latexit><latexit sha1_base64="LvGyb0bpI1xCedLKnV08HLNjPZU="></latexit><latexit sha1_base64="LvGyb0bpI1xCedLKnV08HLNjPZU="></latexit>

h!
ij = 1

<latexit sha1_base64="VnRY+VuPPvsWKiDEP5flTvIyRTI=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA9LbsSMDkIAS8eI5iHJEuYncwmY2Zml5lZISz5Ci8eFPHq53jzb5w8lCha0FBUddPdFSacaeN5H87S8srq2npuI7+5tb2zW9jbb+g4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDi8nfvOeKs1ieWNGCQ0E7ksWMYKNlW4HJ92M3Y0v/G6h6LveFMhzK+VyqeKhb+WLFGGOWrfw3unFJBVUGsKx1m3fS0yQYWUY4XSc76SaJpgMcZ+2LZVYUB1k04PH6NgqPRTFypY0aKouTmRYaD0Soe0U2Az0b28i/uW1UxOVg4zJJDVUktmiKOXIxGjyPeoxRYnhI0swUczeisgAK0yMzSi/GML/pHHm+p7rX5eK1eo8jhwcwhGcgg/nUIUrqEEdCAh4gCd4dpTz6Lw4r7PWJWc+cwA/4Lx9AmWckCE=</latexit><latexit sha1_base64="VnRY+VuPPvsWKiDEP5flTvIyRTI=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA9LbsSMDkIAS8eI5iHJEuYncwmY2Zml5lZISz5Ci8eFPHq53jzb5w8lCha0FBUddPdFSacaeN5H87S8srq2npuI7+5tb2zW9jbb+g4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDi8nfvOeKs1ieWNGCQ0E7ksWMYKNlW4HJ92M3Y0v/G6h6LveFMhzK+VyqeKhb+WLFGGOWrfw3unFJBVUGsKx1m3fS0yQYWUY4XSc76SaJpgMcZ+2LZVYUB1k04PH6NgqPRTFypY0aKouTmRYaD0Soe0U2Az0b28i/uW1UxOVg4zJJDVUktmiKOXIxGjyPeoxRYnhI0swUczeisgAK0yMzSi/GML/pHHm+p7rX5eK1eo8jhwcwhGcgg/nUIUrqEEdCAh4gCd4dpTz6Lw4r7PWJWc+cwA/4Lx9AmWckCE=</latexit><latexit sha1_base64="VnRY+VuPPvsWKiDEP5flTvIyRTI=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA9LbsSMDkIAS8eI5iHJEuYncwmY2Zml5lZISz5Ci8eFPHq53jzb5w8lCha0FBUddPdFSacaeN5H87S8srq2npuI7+5tb2zW9jbb+g4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDi8nfvOeKs1ieWNGCQ0E7ksWMYKNlW4HJ92M3Y0v/G6h6LveFMhzK+VyqeKhb+WLFGGOWrfw3unFJBVUGsKx1m3fS0yQYWUY4XSc76SaJpgMcZ+2LZVYUB1k04PH6NgqPRTFypY0aKouTmRYaD0Soe0U2Az0b28i/uW1UxOVg4zJJDVUktmiKOXIxGjyPeoxRYnhI0swUczeisgAK0yMzSi/GML/pHHm+p7rX5eK1eo8jhwcwhGcgg/nUIUrqEEdCAh4gCd4dpTz6Lw4r7PWJWc+cwA/4Lx9AmWckCE=</latexit><latexit sha1_base64="VnRY+VuPPvsWKiDEP5flTvIyRTI=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA9LbsSMDkIAS8eI5iHJEuYncwmY2Zml5lZISz5Ci8eFPHq53jzb5w8lCha0FBUddPdFSacaeN5H87S8srq2npuI7+5tb2zW9jbb+g4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDi8nfvOeKs1ieWNGCQ0E7ksWMYKNlW4HJ92M3Y0v/G6h6LveFMhzK+VyqeKhb+WLFGGOWrfw3unFJBVUGsKx1m3fS0yQYWUY4XSc76SaJpgMcZ+2LZVYUB1k04PH6NgqPRTFypY0aKouTmRYaD0Soe0U2Az0b28i/uW1UxOVg4zJJDVUktmiKOXIxGjyPeoxRYnhI0swUczeisgAK0yMzSi/GML/pHHm+p7rX5eK1eo8jhwcwhGcgg/nUIUrqEEdCAh4gCd4dpTz6Lw4r7PWJWc+cwA/4Lx9AmWckCE=</latexit>

Solves EE at first order if hij = 1
<latexit sha1_base64="ZGP6jj9rBGJeODYvcjisrG81EfM=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiRVtF0IBTcuK9gHtKFMppN27GQSZyZCCf0JNy4UcevvuPNvnD6UKnrgwuGce7n3niDhTGnX/bByS8srq2v59cLG5tb2jr2711BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLyc+M17KhWLxY0eJdSPcF+wkBGsjdQadDN2O77wunbRc9wpkOtUKielszL6Vr5IEeaode33Ti8maUSFJhwr1fbcRPsZlpoRTseFTqpogskQ92nbUIEjqvxseu8YHRmlh8JYmhIaTdXFiQxHSo2iwHRGWA/Ub28i/uW1Ux2W/YyJJNVUkNmiMOVIx2jyPOoxSYnmI0MwkczcisgAS0y0iaiwGML/pFFyPNfxrk+L1eo8jjwcwCEcgwfnUIUrqEEdCHB4gCd4tu6sR+vFep215qz5zD78gPX2CQKTj+8=</latexit><latexit sha1_base64="ZGP6jj9rBGJeODYvcjisrG81EfM=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiRVtF0IBTcuK9gHtKFMppN27GQSZyZCCf0JNy4UcevvuPNvnD6UKnrgwuGce7n3niDhTGnX/bByS8srq2v59cLG5tb2jr2711BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLyc+M17KhWLxY0eJdSPcF+wkBGsjdQadDN2O77wunbRc9wpkOtUKielszL6Vr5IEeaode33Ti8maUSFJhwr1fbcRPsZlpoRTseFTqpogskQ92nbUIEjqvxseu8YHRmlh8JYmhIaTdXFiQxHSo2iwHRGWA/Ub28i/uW1Ux2W/YyJJNVUkNmiMOVIx2jyPOoxSYnmI0MwkczcisgAS0y0iaiwGML/pFFyPNfxrk+L1eo8jjwcwCEcgwfnUIUrqEEdCHB4gCd4tu6sR+vFep215qz5zD78gPX2CQKTj+8=</latexit><latexit sha1_base64="ZGP6jj9rBGJeODYvcjisrG81EfM=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiRVtF0IBTcuK9gHtKFMppN27GQSZyZCCf0JNy4UcevvuPNvnD6UKnrgwuGce7n3niDhTGnX/bByS8srq2v59cLG5tb2jr2711BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLyc+M17KhWLxY0eJdSPcF+wkBGsjdQadDN2O77wunbRc9wpkOtUKielszL6Vr5IEeaode33Ti8maUSFJhwr1fbcRPsZlpoRTseFTqpogskQ92nbUIEjqvxseu8YHRmlh8JYmhIaTdXFiQxHSo2iwHRGWA/Ub28i/uW1Ux2W/YyJJNVUkNmiMOVIx2jyPOoxSYnmI0MwkczcisgAS0y0iaiwGML/pFFyPNfxrk+L1eo8jjwcwCEcgwfnUIUrqEEdCHB4gCd4tu6sR+vFep215qz5zD78gPX2CQKTj+8=</latexit><latexit sha1_base64="ZGP6jj9rBGJeODYvcjisrG81EfM=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiRVtF0IBTcuK9gHtKFMppN27GQSZyZCCf0JNy4UcevvuPNvnD6UKnrgwuGce7n3niDhTGnX/bByS8srq2v59cLG5tb2jr2711BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLyc+M17KhWLxY0eJdSPcF+wkBGsjdQadDN2O77wunbRc9wpkOtUKielszL6Vr5IEeaode33Ti8maUSFJhwr1fbcRPsZlpoRTseFTqpogskQ92nbUIEjqvxseu8YHRmlh8JYmhIaTdXFiQxHSo2iwHRGWA/Ub28i/uW1Ux2W/YyJJNVUkNmiMOVIx2jyPOoxSYnmI0MwkczcisgAS0y0iaiwGML/pFFyPNfxrk+L1eo8jjwcwCEcgwfnUIUrqEEdCHB4gCd4tu6sR+vFep215qz5zD78gPX2CQKTj+8=</latexit>

Exact solution if 

See also [Conlon,FR ’22]Tracker solutions!



P.S.  Avoiding the catastrophe

! kin ! a! 6
<latexit sha1_base64="JHzARJpAnCmnSSlAERpMpMmWpnE="></latexit><latexit sha1_base64="JHzARJpAnCmnSSlAERpMpMmWpnE="></latexit><latexit sha1_base64="JHzARJpAnCmnSSlAERpMpMmWpnE="></latexit><latexit sha1_base64="JHzARJpAnCmnSSlAERpMpMmWpnE="></latexit>

! mat ! a! 3
<latexit sha1_base64="BHMlWM8G3pvvsCuFN8h3PLB8YeQ="></latexit><latexit sha1_base64="BHMlWM8G3pvvsCuFN8h3PLB8YeQ="></latexit><latexit sha1_base64="BHMlWM8G3pvvsCuFN8h3PLB8YeQ="></latexit><latexit sha1_base64="BHMlWM8G3pvvsCuFN8h3PLB8YeQ="></latexit>

! rad ! a! 4
<latexit sha1_base64="lzdd5Qzk/99d0DklZoVsHITyXQs="></latexit><latexit sha1_base64="lzdd5Qzk/99d0DklZoVsHITyXQs="></latexit><latexit sha1_base64="lzdd5Qzk/99d0DklZoVsHITyXQs="></latexit><latexit sha1_base64="lzdd5Qzk/99d0DklZoVsHITyXQs="></latexit>

vs

(

<latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit>

will take over

Attractor solution with 

[Conlon,Kallosh,Linde,Quevedo ’08]

• In a quantum universe: radiation                                           

[Conlon,FR ’22]

! ! ! ! " ! O(1)
<latexit sha1_base64="SDj9hBZ7CvTCHU4WaE1FI10pWzI="></latexit><latexit sha1_base64="SDj9hBZ7CvTCHU4WaE1FI10pWzI="></latexit><latexit sha1_base64="SDj9hBZ7CvTCHU4WaE1FI10pWzI="></latexit><latexit sha1_base64="SDj9hBZ7CvTCHU4WaE1FI10pWzI="></latexit>

[Wetterich ’88; Copeland,Liddle,Wands ’98; Ferreira,Joyce ’98]
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In realistic models (LVS) 10d interpret:

Kasner is unstable to 
perturbations

[Apers,Conlon,Mosny,FR ’22]



The tracker solution 

[Wetterich ’88; Copeland,Liddle,Wands ’98; Ferreira,Joyce ’98]
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Energy conservation

Friedmann Equations

Attractor solution
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