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SUSY from a fictitious similarity transformation
h1 = p2

<latexit sha1_base64="SC/44jM55xyXLZ9ff8ch0RZSwDU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJLehGKLpxWcFeoI1lMj1pxk4uzEyEEvoOuhJ15/P4Ar6N05qFtv6rb87/D5z/eIngStv2l1VYWV1b3yhulra2d3b3yvsHbRWnkmGLxSKWXY8qFDzCluZaYDeRSENPYMcbX8/8ziNKxePoTk8SdEM6irjPGdVm1AkGzmVyXxuUK3bVnossg5NDBXI1B+XP/jBmaYiRZoIq1XPsRLsZlZozgdNSP1WYUDamI+wZjGiIys3m607JiR9LogMk8/fvbEZDpSahZzIh1YFa9GbD/7xeqv0LN+NRkmqMmIkYz08F0TGZtSZDLpFpMTFAmeRmS8ICKinT5jYlU99ZLLsM7VrVOavWbuuVxlV+iCIcwTGcggPn0IAbaEILGIzhGd7g3XqwnqwX6/UnWrDyP4fwR9bHN1kfjI4=</latexit>
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<latexit sha1_base64="Xp4+jebThRPaXApHlZG9i4ARce8="></latexit>

Classically
h⇣ = h1

<latexit sha1_base64="cYx7Z2qZNe4oWSH1jybIE774hJ8=">AAAB7nicbZDLSsNAFIZPvNZ6q7p0M1gEVyWpgm6EohuXFewF2hAm05Nm6OTizESooa+hK1F3Powv4Ns4rVlo67/65vz/wPmPnwqutG1/WUvLK6tr66WN8ubW9s5uZW+/rZJMMmyxRCSy61OFgsfY0lwL7KYSaeQL7Pij66nfeUCpeBLf6XGKbkSHMQ84o9qM3NDL+4+o6eQy9ByvUrVr9kxkEZwCqlCo6VU++4OEZRHGmgmqVM+xU+3mVGrOBE7K/UxhStmIDrFnMKYRKjefLT0hx0EiiQ6RzN6/szmNlBpHvslEVIdq3psO//N6mQ4u3JzHaaYxZiZivCATRCdk2p0MuESmxdgAZZKbLQkLqaRMmwuVTX1nvuwitOs157RWvz2rNq6KQ5TgEI7gBBw4hwbcQBNawOAenuEN3q3UerJerNef6JJV/DmAP7I+vgGA64+Z</latexit>

Let us consider the quantum analog of the factorization as

A⇣ =
1

⇣(x)

d

dx
⇣(x)

<latexit sha1_base64="fmDm3G+KlUg5A0VyjldJZEtZAVU=">AAACE3icbVBLS8NAGNz4rPUV9eglWIR6KUkV9CJUvXisYB/QhrDZfGmXbh7sbqQ15Gfon9GTqCf9Af4bt20EbZ3TfDOzsDNuzKiQpvmlLSwuLa+sFtaK6xubW9v6zm5TRAkn0CARi3jbxQIYDaEhqWTQjjngwGXQcgdXY791B1zQKLyVoxjsAPdC6lOCpZIc3bxw0u49SJydd32OSWpl07s8PMqmipel3jD7ER29ZFbMCYx5YuWkhHLUHf2j60UkCSCUhGEhOpYZSzvFXFLCICt2EwExJgPcg46iIQ5A2OmkWWYc+hE3ZB+Myf07m+JAiFHgqkyAZV/MemPxP6+TSP/MTmkYJxJCoiLK8xNmyMgYD2R4lAORbKQIJpyqXxqkj9UQUs1YVPWt2bLzpFmtWMeV6s1JqXaZD1FA++gAlZGFTlENXaM6aiCCHtEzekPv2oP2pL1or9Pogpa/2UN/oH1+A05bnvw=</latexit>

It is straightforward to find the following relations

H⇣ = A
†
⇣A⇣ = A1/⇣A

†
1/⇣

H1/⇣ = A
†
1/⇣A1/⇣ = A⇣A

†
⇣

<latexit sha1_base64="Y4KKAiytMbjK7zbTI4Vb3wbks/c="></latexit>



SUSY from a fictitious similarity transformation

At the end of the day we have

H⇣ = diag(H⇣ , H1/⇣)
<latexit sha1_base64="G68HqRI1hzcJ4RAHPT6GM8xNjwg=">AAACGXicbZBJSwNBEIV7XGPcoh69DAZBQeJMFPUiiF5yjGBUyIRQ06kkTXoWumvEOMwv0T+jJ1Fvnvw3dhbBrU5fv/ca6pUfS6HJcT6sicmp6ZnZ3Fx+fmFxabmwsnqpo0RxrPFIRuraB41ShFgjQRKvY4UQ+BKv/N7ZwL+6QaVFFF5QP8ZGAJ1QtAUHMlKzcOAFQF0OMq1kzdS7Q4Ls2CO8pbQloJNtVb7UHUPu7oi3m4WiU3KGY/8FdwxFNp5qs/DmtSKeBBgSl6B13XViaqSgSHCJWd5LNMbAe9DBusEQAtSNdNgvszfbkbKpi/bw/T2bQqB1P/BNZtBD//YG4n9ePaH2USMVYZwQhtxEjNdOpE2RPTiT3RIKOcm+AeBKmC1t3gUFnMwx86a++7vsX7gsl9y9Uvl8v3hyOj5Ejq2zDbbFXHbITliFVVmNcfbAntgre7PurUfr2XoZRSes8Z819mOs90/sOqFj</latexit>

Q⇣+ = A†
⇣�+

<latexit sha1_base64="y/8Nr6q9IEUEGyyMezQ928SVODc=">AAACFXicbVBLS8NAGNz4tr6qHr0EiyAIJamCXgQfF48t2Ac0MXzZfkkXNw92N0IN+R36Z/Qk6kHw7L9xWyuodU6zM7PwzfgpZ1JZ1ocxNT0zOze/sFhaWl5ZXSuvb7RkkgmKTZrwRHR8kMhZjE3FFMdOKhAin2Pbvz4f+u0bFJIl8aUapOhGEMYsYBSUlrxyzYlA9SnwvFF4uXOLCvaK49Or3OlBGKL4FgtHsjACL98rvHLFqlojmJPEHpMKGaPuld+cXkKzCGNFOUjZta1UuTkIxSjHouRkElOg1xBiV9MYIpRuPupWmDtBIkzVR3P0/pnNIZJyEPk6M+wg/3pD8T+vm6ngyM1ZnGYKY6oj2gsybqrEHE5k9phAqvhAE6CC6StN2gcBVOkhS7q+/bfsJGnVqvZ+tdY4qJycjYdYIFtkm+wSmxySE3JB6qRJKLknj+SFvBp3xoPxZDx/RaeM8Z9N8gvG+yeBAqA5</latexit>

The N = 2 SUSY is generated

[H⇣ ,Q⇣±] = 0, Q
2
⇣± = 0, {Q⇣+,Q⇣�} = H⇣

<latexit sha1_base64="/IMhaPMifZG8vCKcppYZD0lyx/o="></latexit>

H⇣ = � d

dx2
+W

2 �W
0
, W =

d

dx
ln ⇣

<latexit sha1_base64="C/Q3BBcye351dXess96qUKOWPng=">AAACInicbVDLSsNAFJ3UV62vqks3g0UU1JJUQTdi0U2XFawpNLVMJjft4OThzESsIX+jP6NuRF0IfozT2oVWz+rce86Fe44bcyaVaX4YuYnJqemZ/Gxhbn5hcam4vHIho0RQaNCIR6LpEgmchdBQTHFoxgJI4HKw3avTgW7fgJAsCs9VP4Z2QLoh8xklSq86xeNaJ3XuQJHsaNfxBaGpl6Xe7WUl27YvK7v25g52rhPiYfvoh5w5PMTDs06xZJbNIfBfYo1ICY1Q7xSfHS+iSQChopxI2bLMWLVTIhSjHLKCk0iICb0iXWhpGpIAZDsdBs3whh8JrHqAh/NPb0oCKfuBqz0BUT05rg2W/2mtRPmH7ZSFcaIgpNqiNT/hWEV40Bf2mACqeF8TQgXTX2LaI7oJpVst6PjWeNi/5KJStvbKlbP9UvVkVEQeraF1tIUsdICqqIbqqIEoekBP6A29G/fGo/FivH5bc8boZhX9gvH5BfPyo90=</latexit>



Kinetic term with a PDM and SUSY

Let us consider a particle of mass M(x) =
1

2
m(x)

<latexit sha1_base64="p1TEDfe7QsXzKEBpkqlK5pzLJMU=">AAAB93icbVDLSsNAFL3xWesrPnZuBotQNyWpgm6Eohs3QgX7gDaUyXTSDp1JwsxErCHfoitRd/6HP+DfOK1ZaOtZnXvPuXDu8WPOlHacL2thcWl5ZbWwVlzf2Nzatnd2mypKJKENEvFItn2sKGchbWimOW3HkmLhc9ryR1cTvXVPpWJReKfHMfUEHoQsYARrs+rZ+zflh+OLbiAxSd0srWbCzD275FScKdA8cXNSghz1nv3Z7UckETTUhGOlOq4Tay/FUjPCaVbsJorGmIzwgHYMDbGgykun6TN0FEQS6SFF0/m3N8VCqbHwjUdgPVSz2mT5n9ZJdHDupSyME01DYixGCxKOdIQmJaA+k5RoPjYEE8lMSkSG2HSgTVVF8747++w8aVYr7kmlentaql3mRRTgAA6hDC6cQQ2uoQ4NIPAIz/AG79bYerJerNcf64KV3+zBH1gf389WkeA=</latexit>

L(x) =
1

4
m(x)ẋ2 � u(x)

<latexit sha1_base64="nLDLRnFu/UvV2ZkACK4EsJLOVwg=">AAACBnicbVDLTgIxFL3jE/GFunTTSExwIZlBEt2YEN24cIGJPBIYSad0oKGdmbQdA5nMXn9GV0bd+QH+gH9jQRYK3tW555ze9Bwv4kxp2/6yFhaXlldWM2vZ9Y3Nre3czm5dhbEktEZCHsqmhxXlLKA1zTSnzUhSLDxOG97gcqw37qlULAxu9SiirsC9gPmMYG2oTi5/XRgenaO2LzFJnDQpp8IQ7W6ok2F6VzqOzWZcdtGeDJoHzhTkYTrVTu7THCCxoIEmHCvVcuxIuwmWmhFO02w7VjTCZIB7tGVggAVVbjIJk6JDP5RI9yma7L+9CRZKjYRnPALrvprVxuR/WivW/pmbsCCKNQ2IsRjNjznSIRp3grpMUqL5yABMJDO/RKSPTSPaNJc18Z3ZsPOgXio6J8XSTTlfuZgWkYF9OIACOHAKFbiCKtSAwCM8wxu8Ww/Wk/Vivf5YF6zpmz34M9bHN0K7l6U=</latexit>

The corresponding EOM 

ẍ = �2
u0(x)

m(x)
� 1

2

m0(x)

m(x)
ẋ2

<latexit sha1_base64="6JCqQFhmey1Xm+UNqpNRLO33kis=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLWRcvMKOhGKOrCZQX7gM5YMmmmDU1mhiQjLcN8kH6LoCux7vwT08eitp5FOLnnHLj3eBGjUpnmyMisrK6tb2Q3c1vbO7t7+f2DugxjgUkNhywUTQ9JwmhAaooqRpqRIIh7jDS8/u1YbzwTIWkYPKphRFyOugH1KUZKj9r5O6fTCVUySK9LtuMLhJP4tDg4SxM+fkvTkZUmdjqlfE51psknu50vmGVzArhMrBkpgBmq7fybzuKYk0BhhqRsWWak3AQJRTEjac6JJYkQ7qMuaWkaIE6km0yuTeGJHwqoegRO/vPeBHEph9zTHo5UTy5q4+F/WitW/pWb0CCKFQmwtmjNjxlUIRyXBjtUEKzYUBOEBdVbQtxDug+lq83p863FY5dJ3S5b52X74aJQuZkVkQVH4BgUgQUuQQXcgyqoAQxewQcYgW/jxXg3Po2vqTVjzDKH4A+Mn184D6YY</latexit>

f(x) =
1p
m(x)

<latexit sha1_base64="6k9eiikpWU/zuS2m8EuKQXlE/oY=">AAAB/XicbVBLS8NAGNzUV62vqDe9LBahXkpSBb0IRS8eK9gHNKFstl/apZuHuxuxhKB/Rk+i3vwT/gH/jduag7bOaXZmFr4ZL+ZMKsv6MgoLi0vLK8XV0tr6xuaWub3TklEiKDRpxCPR8YgEzkJoKqY4dGIBJPA4tL3R5cRv34GQLApv1DgGNyCDkPmMEqWlnrnnV+6Pzh1fEJraWerIW6HSQGtZ1jPLVtWaAs8TOydllKPRMz+dfkSTAEJFOZGya1uxclMiFKMcspKTSIgJHZEBdDUNSQDSTacdMnzoRwKrIeDp+3c2JYGU48DTmYCooZz1JuJ/XjdR/pmbsjBOFIRUR7TnJxyrCE+mwH0mgCo+1oRQwfSVmA6JXkLpwUq6vj1bdp60alX7uFq7PinXL/IhimgfHaAKstEpqqMr1EBNRNEjekZv6N14MJ6MF+P1J1ow8j+76A+Mj29mJZUh</latexit>

x ! �
<latexit sha1_base64="gScsmhiQVZtRjHoOhpLFfGWhLx4=">AAAB9nicbZC9TsMwFIWd8lfKX6Aji0WFxFQlBQnGChbGItEfqYkqx71prDpxZDvQqOqrwISAjQfhBXgb3JIBWs70+Z5j6d4TpJwp7ThfVmltfWNzq7xd2dnd2z+wD486SmSSQpsKLmQvIAo4S6CtmebQSyWQOODQDcY3c7/7AFIxkdzrPAU/JqOEhYwSbUYDuzrBnmSjSBMpxSP2aMTwwK45dWchvApuATVUqDWwP72hoFkMiaacKNV3nVT7UyI1oxxmFS9TkBI6JiPoG0xIDMqfLpaf4dNQSKwjwIv37+yUxErlcWAyMdGRWvbmw/+8fqbDK3/KkjTTkFATMV6YcawFnneAh0wC1Tw3QKhkZktMIyIJ1aapijnfXT52FTqNunteb9xd1JrXRRFldIxO0Bly0SVqolvUQm1EUY6e0Rt6tybWk/Vivf5ES1bxp4r+yPr4BgFokg8=</latexit>

d� =
dx

f(x)
<latexit sha1_base64="hvlsKFO9Ze0FyzdzDv7AM1mu4IU=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaLUDclqYJuhKIblxXsBZpQJpOTdujkwsxEWmIeRlei7nwNX8C3cVqz0NZ/9c35/4Fzfi/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousRCZxF0FJMcegmAkjoceh4o5up33kAIVkc3atJAm5IBhELGCVKj/rmoe/QIbvCTiAIzfxxngXV8WneNytWzZoJL4JdQAUVavbNT8ePaRpCpCgnUvZsK1FuRoRilENedlIJCaEjMoCexoiEIN1stn+OT4JYYDUEPHv/zmYklHISejoTEjWU8950+J/XS1Vw6WYsSlIFEdUR7QUpxyrG0xqwzwRQxScaCBVMb4npkOgOlC6rrM+3549dhHa9Zp/V6nfnlcZ1UUQJHaFjVEU2ukANdIuaqIUoekTP6A29G5nxZLwYrz/RJaP4c4D+yPj4BlUTk2Q=</latexit>

It is possible to make the point transformation

�(x) =

Z x d⌘

f(⌘)
<latexit sha1_base64="OduOO8BlHr1xeViIHfpZmt4AeGE=">AAACCnicbVDLTsMwEHTKu7wKHLlYVIhyqZKCBBckBBeOIFFAakLluBtq1XnI3qBWUf4AfgZOCLhx5Af4G5zSA7TMZWd3xpJn/EQKjbb9ZZWmpmdm5+YXyotLyyurlbX1Kx2nikOTxzJWNz7TIEUETRQo4SZRwEJfwrXfOy3063tQWsTRJQ4S8EJ2F4lAcIbm1K7suLwrav3dI+qKCG+zfk7dQDGedVxAlmdBrZi7ebtStev2EHSSOCNSJSOctyufbifmaQgRcsm0bjl2gl7GFAouIS+7qYaE8R67g5ahEQtBe9kwUE63g1hR7AId7r+9GQu1HoS+8YQMu3pcK47/aa0Ug0MvE1GSIkTcWIwWpJJiTIteaEco4CgHhjCuhPkl5V1mmkDTXtnEd8bDTpKrRt3Zqzcu9qvHJ6Mi5skm2SI14pADckzOyDlpEk4eyTN5I+/Wg/VkvVivP9aSNXqzQf7A+vgGyX+aRA==</latexit>

x(�) =

Z �

d⌘ '(⌘)
<latexit sha1_base64="f1V+E9/87rLHXfwCE1eGivYvd3M=">AAACCnicbZDLSsNAFIYnXmu9VV26CRaxBSlJFXQjFN24rGAv0NQymZ42QycXZk6KJfQN9GV0JerOpS/g2zipXWjrWX3n/P/A/L8bCa7Qsr6MhcWl5ZXVzFp2fWNzazu3s1tXYSwZ1FgoQtl0qQLBA6ghRwHNSAL1XQENd3CV6o0hSMXD4BZHEbR92g94jzOK+tTJHd0XHObx4oXDA7xLUh53HUDqHDtDKiOPF9Kt2MnlrZI1GXMe7CnkyXSqndyn0w1Z7EOATFClWrYVYTuhEjkTMM46sYKIsgHtQ0tjQH1Q7WQSaGwe9kJpogfmZP/tTaiv1Mh3tcen6KlZLT3+p7Vi7J23Ex5EMULAtEVrvViYGJppL2aXS2AoRhook1z/0mQelZShbi+r49uzYeehXi7ZJ6XyzWm+cjktIkP2yQEpEJuckQq5JlVSI4w8kmfyRt6NB+PJeDFef6wLxvTNHvkzxsc3xEeaPA==</latexit>



Kinetic term with a PDM and SUSY

L(�, x) =
1

4
�̇2 � U(�)

<latexit sha1_base64="PTsDzs3wRtRgtzyozexqThvd3s4=">AAACDHicbVC7TsMwAHTKq5RXgJElokJqJaiSUgkWpAoWBoYikbZSEyrHdRqrzkO2g6ii/AL8DEwI2Jj4Af4GJ2SAlpvOd2fLd05ECRe6/qWUFhaXllfKq5W19Y3NLXV7p8vDmCFsopCGrO9AjikJsCmIoLgfMQx9h+KeM7nI/N4dZpyEwY2YRtj24TggLkFQSGmo1q9qFvLI4X39zHIZRImRJq3UGoUiyfT0tnlk5on6UK3qDT2HNk+MglRBgc5Q/ZTPoNjHgUAUcj4w9EjYCWSCIIrTihVzHEE0gWM8kDSAPuZ2kldKtQM3ZJrwsJaff2cT6HM+9R2Z8aHw+KyXif95g1i4p3ZCgigWOEAyIj03ppoItWwZbUQYRoJOJYGIEflLDXlQbiLkfhVZ35gtO0+6zYZx3Ghet6rt82KIMtgD+6AGDHAC2uASdIAJEHgEz+ANvCsPypPyorz+REtKcWcX/IHy8Q0nmppX</latexit>

Now the EOM reads

x = x(�)

�̈ = �2U 0(�)
<latexit sha1_base64="IF7X7CoI03hFFa05YEWD4uP8fps=">AAACBXicbVDLTsJAFJ3iC+ur6tJNAzHiQtKiiW5IiG5cYmKBhDZkOp3SCdNHZqYG0rDWn9GVUXf+gD/g3ziFLhQ8q3PvOTe557gJJVwYxrdSWlldW98ob6pb2zu7e9r+QYfHKUPYQjGNWc+FHFMSYUsQQXEvYRiGLsVdd3ST690HzDiJo3sxSbATwmFEfIKgkKuBVhk3xzUbBeTUtlXb82KR5dO0edawTubCQKsadWMGfZmYBamCAu2B9mV7MUpDHAlEIed900iEk0EmCKJ4qtopxwlEIzjEfUkjGGLuZLMsU/3Yj5kuAqzP5t/eDIacT0JXekIoAr6o5cv/tH4q/CsnI1GSChwhaZGan1JdxHpeie4RhpGgE0kgYkR+qaMAMoiELE6V8c3FsMuk06ib5/XG3UW1dV0UUQZHoAJqwASXoAVuQRtYAIEn8ALewYfyqDwrr8rb3FpSiptD8AfK5w8W0pbw</latexit>

The canonical transformation

Corresponds to the previous point transformation

(x, p) ! (�, P ), P = f(x)p
<latexit sha1_base64="ZNlZuB++t16uwi4gVxPGmM+AR0k=">AAACDXicbVDLSsNAFJ34rPUVdelmsAiplJJUQTdC0Y3LCPYBTSiT6aQZOnk4M9GW0G/Qn9GVqDs3/oB/47Rmoa1nde4958I9x0sYFdI0v7SFxaXlldXCWnF9Y3NrW9/ZbYo45Zg0cMxi3vaQIIxGpCGpZKSdcIJCj5GWN7ic6K07wgWNoxs5Sogbon5EfYqRVKuufmQMK0kZOpz2A4k4j++h4eCAVqBdrkDnNkU9aJ/7xrCcdPWSWTWngPPEykkJ5LC7+qfTi3EakkhihoToWGYi3QxxSTEj46KTCpIgPEB90lE0QiERbjbNNIaHfsyhDAiczr+9GQqFGIWe8oRIBmJWmyz/0zqp9M/cjEZJKkmElUVpfsqgjOGkGtijnGDJRoogzKn6EuIAcYSlKrCo4luzYedJs1a1jqu165NS/SIvogD2wQEwgAVOQR1cARs0AAaP4Bm8gXftQXvSXrTXH+uClt/sgT/QPr4BqaGZTg==</latexit>

hm(x) =
1

m(x)
p2 + u(x) ! h1 = P 2 + U(�)

<latexit sha1_base64="NYTsvES9lAQZEVMBJS0uK1BLcFE="></latexit>



Kinetic term with a PDM and SUSY
If we consider the PDM kinetic term hm(x) =

1

m(x)
p2

<latexit sha1_base64="CrEjO6LTkvhd+3tOz0FN66dI4J4=">AAAB/XicbVDLSsNAFJ34rPUVdaebYBHqpiRV0I1QdOOygn1AG8NketMMnUnCzEQsIejP6ErUnT/hD/g3Th8LbT2rc+85F+45fsKoVLb9bSwsLi2vrBbWiusbm1vb5s5uU8apINAgMYtF28cSGI2goahi0E4EYO4zaPmDq5HeugchaRzdqmECLsf9iAaUYKVXnrkfehkvPxznF91AYJI5+WRM7qqeWbIr9hjWPHGmpISmqHvmV7cXk5RDpAjDUnYcO1FuhoWihEFe7KYSEkwGuA8dTSPMQbrZOENuHQWxsFQI1nj+7c0wl3LIfe3hWIVyVhst/9M6qQrO3YxGSaogItqitSBlloqtURVWjwogig01wURQ/aVFQqxbULqwoo7vzIadJ81qxTmpVG9OS7XLaREFdIAOURk56AzV0DWqowYi6Am9oHf0YTwaz8ar8TaxLhjTmz30B8bnD+XxlMk=</latexit>

hf,⇣ =

✓
�if(x)⇣(x)p

1

⇣(x)

◆✓
i

1

⇣(x)
p⇣(x)f(x)

◆

<latexit sha1_base64="N5MrDivN0el5P3isVaJ+CQx8tTY="></latexit>

Hf,⇣ = f⇣
d

dx

1

⇣2

d

dx
⇣f = A

†
f,⇣Af,⇣

<latexit sha1_base64="OI5R2kq8zoqBwmJLluP5yt4L4Js="></latexit>

Implementing a similitude transformation

A = f1/2Af,�f
�1/2

A† = f1/2A†
f,�f

�1/2
<latexit sha1_base64="Bqgdzg2cOp38R7FIxzapKDjDV90=">AAACSnicbVDLSsNAFJ3Ud31VXboZLIILrUkVdCO0unGpYFVoarmZ3qRDJw9mJkIJ+UP9AH9DV6KCk1rxeVdnzgPmHC8RXGnbfrBKE5NT0zOzc+X5hcWl5crK6qWKU8mwxWIRy2sPFAoeYUtzLfA6kQihJ/DKG5wU+tUtSsXj6EIPE+yEEETc5wy0obqVwA1B9xmIrJkfUf8mc3brebOb+duu4kEIuaF2Cs51y9+sN5nbgyBA+X/oS/6MdytVu2aPjv4FzhhUyfjOupU7txezNMRIMwFKtR070Z0MpOZMYF52U4UJsAEE2DYwghBVJxsNktNNP5ZU95GO3t+9GYRKDUPPeIo26rdWkP9p7VT7h52MR0mqMWLGYjQ/FVTHtNiV9rhEpsXQAGCSm19S1gcJTJv1y6a+87vsX3BZrzl7tfr5frVxPB5ilqyTDbJFHHJAGuSUnJEWYeSePJFX8mbdWY/Ws/XyYS1Z48wa+XGlyXegtLKd</latexit>



Kinetic term with a PDM and SUSY
In terms of �

<latexit sha1_base64="I2Gus3GQKvoVDiWFd/q/HU6mirQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJFXRZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfBsnMQtt/VffnP8fOP/xEsGVtu0vq7K2vrG5Vd2u7ezu7R/UD496Kk4lwy6LRSwHHlUoeIRdzbXAQSKRhp7Avje7zf3+I0rF4+hBzxN0QzqNuM8Z1floxAI+rjfspl2IrIJTQgNKdcb1z9EkZmmIkWaCKjV07ES7GZWaM4GL2ihVmFA2o1McGoxoiMrNil0X5MyPJdEBkuL9O5vRUKl56JlMSHWglr18+J83TLV/7WY8SlKNETMR4/mpIDomeWUy4RKZFnMDlElutiQsoJIybQ5TM/Wd5bKr0Gs1nYtm6/6y0b4pD1GFEziFc3DgCtpwBx3oAoMAnuEN3q2p9WS9WK8/0YpV/jmGP7I+vgHvV4vL</latexit>

A = ��1(�)
d

d�
�(�) =

d

d�
+W

A† = �(�)
d

d�
��1(�) = � d

d�
+W

<latexit sha1_base64="IzXhvVDh1lD34jnQNVZK6FCLoSE="></latexit>

Where
�(�) = '(�)1/2⌃(�)

'(�) = f(x(�))

⌃(�) = ⇣(x(�))

W =
d

d�
ln�(�)

<latexit sha1_base64="V3NAE92D9VFxHbyepz0OwkFfWus="></latexit>

H+ = AA†
, H� = A†A

<latexit sha1_base64="b/GMXt1t4tpilVzPB0nxnk7XQyA=">AAACN3icbZDLSgMxFIYz3q23UZdugkUQ1DJTBd0IXjZdVrC20KnlTHrahmYuJhmhDPNg+gy+gCtdibrzDUxrwXr5V3/+/wucc/xYcKUd59GamJyanpmdm88tLC4tr9ira1cqSiTDCotEJGs+KBQ8xIrmWmAtlgiBL7Dq984HffUWpeJReKn7MTYC6IS8zRloEzXty1Iz3cmOvQB0l4FIT7Mxe516Leh0UGa71LtJoEUNvfeD/kbGwqaddwrOUPSvcUcmT0YqN+0HrxWxJMBQMwFK1V0n1o0UpOZMYJbzEoUxsB50sG5sCAGqRjrcPqNb7UhS3UU6fI+zKQRK9QPfMIPh1O9uEP7X1RPdPmqkPIwTjSEziOnaiaA6ooMj0haXyLToGwNMcjMlZV2QwLQ5dc6s7/5e9q+5Khbc/ULx4iB/cjY6xBzZIJtkm7jkkJyQEimTCmHknjyTN/Ju3VlP1ov1+oVOWKM/6+SHrI9PYA6uAw==</latexit>

Then

H+ = � d
2

d�2
+W2 +W 0 = � d

2

d�2
+ V+

H� = � d
2

d�2
+W2 �W 0 = � d

2

d�2
+ V�

<latexit sha1_base64="1alLCmqF+rBXa4+KWqclS9YVYOA="></latexit>

U± = V± + u(x(�))
<latexit sha1_base64="PNjuUfG0xGpqyb69hgv7E6UrFyc=">AAAB/XicbVDNSsNAGNzUv1r/ot70sliEFqEkVdCLUPTisYJpC00Im+2mXbqbhN2NWELRl9GTqDdfwhfwbdy2OWjrXL75vpmFnQkSRqWyrG+jsLS8srpWXC9tbG5t75i7ey0ZpwITB8csFp0AScJoRBxFFSOdRBDEA0bawfB6orfviZA0ju7UKCEeR/2IhhQjpU++eeD4mZvw8WVrNk/SykPFxQNarfpm2apZU8BFYuekDHI0ffPL7cU45SRSmCEpu7aVKC9DQlHMyLjkppIkCA9Rn3Q1jRAn0sumGcbwOIwFVAMCp/tvb4a4lCMeaA9HaiDntcnxP62bqvDCy2iUpIpEWFu0FqYMqhhOqoA9KghWbKQJwoLqX0I8QAJhpQsr6fj2fNhF0qrX7NNa/fas3LjKiyiCQ3AEKsAG56ABbkATOACDJ/AC3sGH8Wg8G6/G28xaMPI3++APjM8fo4KUmg==</latexit>



A reflectionless system
Just to illustrate one of the system that we studied

Applying the recipe we found

H+ = � d
2

d�2
+ �

2

H� = � d
2

d�2
+ �

2 � 2�2

cosh2(↵�)
<latexit sha1_base64="NTb0HfQfkyBNTvIHNoqJVUJ0Kgw="></latexit>

� = �(↵, c)
<latexit sha1_base64="RpkUXYph+6B/fQRaQA4yV3x3/c0=">AAAB+nicbVDLSsNAFJ3UV62vqAsXbgaLUEFKUgXdCEU3LivYBzSh3EwnzdCZJMxMhFL7M7oSdedn+AP+jdM2C62ezT33njMw5wQpZ0o7zpdVWFpeWV0rrpc2Nre2d+zdvZZKMklokyQ8kZ0AFOUspk3NNKedVFIQAaftYHgz1dsPVCqWxPd6lFJfwCBmISOgzalnH3gDEAKu5qPiAU8jOCUnPbvsVJ0Z8F/i5qSMcjR69qfXT0gmaKwJB6W6rpNqfwxSM8LppORliqZAhjCgXUNjEFT541mACT4OE4l1RPFs/+kdg1BqJALjEaAjtahNj/9p3UyHl/6YxWmmaUyMxWhhxrFO8LQH3GeSEs1HhgCRzPwSkwgkEG3aKpn47mLYv6RVq7pn1drdebl+nRdRRIfoCFWQiy5QHd2iBmoigiboGb2hd+vRerJerNe5tWDlb/bRL1gf33jgk2c=</latexit>

The mass term or from now on, the non-canonical mass was 

m(x) =
1

(1� ↵2x2)2
<latexit sha1_base64="bQTIQ+yCFZmCoalOtsaAGwnh+UA="></latexit>

hm(x) = p2(1� ↵2x2)2 +
c2

2
x2

<latexit sha1_base64="HLcB/GkPC0qyZZ7WbuIp+vx/IY4=">AAACEXicbVBLS8NAGNzUV62vqEcvwSK0iCGJgl6EohePFewDmgeb7aZZunmwu5GWkF+hf0ZPot70D/hv3NYetHVOszOz8M34KSVcGMaXUlpaXlldK69XNja3tnfU3b02TzKGcAslNGFdH3JMSYxbggiKuynDMPIp7vjD64nfuceMkyS+E+MUOxEcxCQgCAopeaoeenlUG9WLy9S1auaJDWkaQtcauVbdtY7tgEGUI9cqcquQmqdWDd2YQlsk5oxUwQxNT/20+wnKIhwLRCHnPdNIhZNDJgiiuKjYGccpREM4wD1JYxhh7uTTXoV2FCRMEyHWpu/f2RxGnI8jX2YiKEI+703E/7xeJoILJydxmgkcIxmRXpBRTSTaZB6tTxhGgo4lgYgReaWGQihHEHLEiqxvzpddJG1LN0916/as2riaDVEGB+AQ1IAJzkED3IAmaAEEHsEzeAPvyoPypLworz/RkjL7sw/+QPn4BuUxm7s=</latexit>

ds2 =
4dx2

(1� x2)2
<latexit sha1_base64="UhcszCwdhpg47U62f75aOACE+nE=">AAACC3icbVBLSwMxGMz6rPW16tFLsAj1YNldC3oRil48VrAPaLclm37bhmYfJFmxLP0J+mf0JOrNm3/Af2NaF9HWOc03M4HMeDFnUlnWp7GwuLS8sppby69vbG5tmzu7dRklgkKNRjwSTY9I4CyEmmKKQzMWQAKPQ8MbXk78xi0IyaLwRo1icAPSD5nPKFFa6prFnuw4521fEJqWe2nb8/HduOOM06J9/HMdaaFrFqySNQWeJ3ZGCihDtWt+tHsRTQIIFeVEypZtxcpNiVCMchjn24mEmNAh6UNL05AEIN102miMD/1IYDUAPL1/Z1MSSDkKPJ0JiBrIWW8i/ue1EuWfuSkL40RBSHVEe37CsYrwZBjcYwKo4iNNCBVM/xLTAdG7KD1fXte3Z8vOk7pTsk9KznW5ULnIhsihfXSAishGp6iCrlAV1RBFD+gJvaI34954NJ6Nl+/ogpG92UN/YLx/ASQhmb8=</latexit>



COSMOLOGY

Based on: 1906.05772 (accepted in JCAP) 
In collaboration with Gonzalo A. Palma and Simón Riquelme  



Cosmic Inflation

T̄ = 2.725K
<latexit sha1_base64="zm30jaO1A1FySPP+p2n7ops6tV0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0iKUi9C0YvgpUK/oA1ls920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Vd99taW9/Y3Nou7BR39/YPSvbhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfh25rcfqVQsFg09Sagf4aFgISNYG6lvl3oBllljel1xqpVLdN+3y67jzoFWiZeTMuSo9+2v3iAmaUSFJhwr1fXcRPsZlpoRTqfFXqpogskYD2nXUIEjqvxsfvgUnRllgMJYmhIazdXfExmOlJpEgemMsB6pZW8m/ud1Ux1e+RkTSaqpIItFYcqRjtEsBTRgkhLNJ4ZgIpm5FZERlphok1XRhOAtv7xKWhXHcx3v4aJcu8njKMAJnMI5eFCFGtxBHZpAIIVneIU368l6sd6tj0XrmpXPHMMfWJ8/qSaRxA==</latexit><latexit sha1_base64="zm30jaO1A1FySPP+p2n7ops6tV0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0iKUi9C0YvgpUK/oA1ls920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Vd99taW9/Y3Nou7BR39/YPSvbhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfh25rcfqVQsFg09Sagf4aFgISNYG6lvl3oBllljel1xqpVLdN+3y67jzoFWiZeTMuSo9+2v3iAmaUSFJhwr1fXcRPsZlpoRTqfFXqpogskYD2nXUIEjqvxsfvgUnRllgMJYmhIazdXfExmOlJpEgemMsB6pZW8m/ud1Ux1e+RkTSaqpIItFYcqRjtEsBTRgkhLNJ4ZgIpm5FZERlphok1XRhOAtv7xKWhXHcx3v4aJcu8njKMAJnMI5eFCFGtxBHZpAIIVneIU368l6sd6tj0XrmpXPHMMfWJ8/qSaRxA==</latexit><latexit sha1_base64="zm30jaO1A1FySPP+p2n7ops6tV0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0iKUi9C0YvgpUK/oA1ls920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Vd99taW9/Y3Nou7BR39/YPSvbhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfh25rcfqVQsFg09Sagf4aFgISNYG6lvl3oBllljel1xqpVLdN+3y67jzoFWiZeTMuSo9+2v3iAmaUSFJhwr1fXcRPsZlpoRTqfFXqpogskYD2nXUIEjqvxsfvgUnRllgMJYmhIazdXfExmOlJpEgemMsB6pZW8m/ud1Ux1e+RkTSaqpIItFYcqRjtEsBTRgkhLNJ4ZgIpm5FZERlphok1XRhOAtv7xKWhXHcx3v4aJcu8njKMAJnMI5eFCFGtxBHZpAIIVneIU368l6sd6tj0XrmpXPHMMfWJ8/qSaRxA==</latexit><latexit sha1_base64="zm30jaO1A1FySPP+p2n7ops6tV0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0iKUi9C0YvgpUK/oA1ls920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Vd99taW9/Y3Nou7BR39/YPSvbhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfh25rcfqVQsFg09Sagf4aFgISNYG6lvl3oBllljel1xqpVLdN+3y67jzoFWiZeTMuSo9+2v3iAmaUSFJhwr1fXcRPsZlpoRTqfFXqpogskYD2nXUIEjqvxsfvgUnRllgMJYmhIazdXfExmOlJpEgemMsB6pZW8m/ud1Ux1e+RkTSaqpIItFYcqRjtEsBTRgkhLNJ4ZgIpm5FZERlphok1XRhOAtv7xKWhXHcx3v4aJcu8njKMAJnMI5eFCFGtxBHZpAIIVneIU368l6sd6tj0XrmpXPHMMfWJ8/qSaRxA==</latexit>

�T

T̄
⇠ 10�5K

<latexit sha1_base64="wImzU4WEcc1PlIE7Yy5U83BBXGk=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWBJRdFl0I7ip0Bc0sUwmk3boTBJmJkIZ8gVu/BU3LhRx69qdf+O0zUJbD1w4nHMv994TpIxK5Tjf1tLyyuraemmjvLm1vbNr7+23ZZIJTFo4YYnoBkgSRmPSUlQx0k0FQTxgpBOMrid+54EISZO4qcYp8TkaxDSiGCkj9e2qFwmEtRcSphBs5toLkNDNPPck5dB17vXJeX7btytOzZkCLhK3IBVQoNG3v7wwwRknscIMSdlznVT5GglFMSN52cskSREeoQHpGRojTqSvp+/ksGqUEEaJMBUrOFV/T2jEpRzzwHRypIZy3puI/3m9TEWXvqZxmikS49miKGNQJXCSDQypIFixsSEIC2puhXiITD7KJFg2IbjzLy+S9mnNdWru3VmlflXEUQKH4AgcAxdcgDq4AQ3QAhg8gmfwCt6sJ+vFerc+Zq1LVjFzAP7A+vwBx9+b5Q==</latexit><latexit sha1_base64="wImzU4WEcc1PlIE7Yy5U83BBXGk=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWBJRdFl0I7ip0Bc0sUwmk3boTBJmJkIZ8gVu/BU3LhRx69qdf+O0zUJbD1w4nHMv994TpIxK5Tjf1tLyyuraemmjvLm1vbNr7+23ZZIJTFo4YYnoBkgSRmPSUlQx0k0FQTxgpBOMrid+54EISZO4qcYp8TkaxDSiGCkj9e2qFwmEtRcSphBs5toLkNDNPPck5dB17vXJeX7btytOzZkCLhK3IBVQoNG3v7wwwRknscIMSdlznVT5GglFMSN52cskSREeoQHpGRojTqSvp+/ksGqUEEaJMBUrOFV/T2jEpRzzwHRypIZy3puI/3m9TEWXvqZxmikS49miKGNQJXCSDQypIFixsSEIC2puhXiITD7KJFg2IbjzLy+S9mnNdWru3VmlflXEUQKH4AgcAxdcgDq4AQ3QAhg8gmfwCt6sJ+vFerc+Zq1LVjFzAP7A+vwBx9+b5Q==</latexit><latexit sha1_base64="wImzU4WEcc1PlIE7Yy5U83BBXGk=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWBJRdFl0I7ip0Bc0sUwmk3boTBJmJkIZ8gVu/BU3LhRx69qdf+O0zUJbD1w4nHMv994TpIxK5Tjf1tLyyuraemmjvLm1vbNr7+23ZZIJTFo4YYnoBkgSRmPSUlQx0k0FQTxgpBOMrid+54EISZO4qcYp8TkaxDSiGCkj9e2qFwmEtRcSphBs5toLkNDNPPck5dB17vXJeX7btytOzZkCLhK3IBVQoNG3v7wwwRknscIMSdlznVT5GglFMSN52cskSREeoQHpGRojTqSvp+/ksGqUEEaJMBUrOFV/T2jEpRzzwHRypIZy3puI/3m9TEWXvqZxmikS49miKGNQJXCSDQypIFixsSEIC2puhXiITD7KJFg2IbjzLy+S9mnNdWru3VmlflXEUQKH4AgcAxdcgDq4AQ3QAhg8gmfwCt6sJ+vFerc+Zq1LVjFzAP7A+vwBx9+b5Q==</latexit><latexit sha1_base64="wImzU4WEcc1PlIE7Yy5U83BBXGk=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWBJRdFl0I7ip0Bc0sUwmk3boTBJmJkIZ8gVu/BU3LhRx69qdf+O0zUJbD1w4nHMv994TpIxK5Tjf1tLyyuraemmjvLm1vbNr7+23ZZIJTFo4YYnoBkgSRmPSUlQx0k0FQTxgpBOMrid+54EISZO4qcYp8TkaxDSiGCkj9e2qFwmEtRcSphBs5toLkNDNPPck5dB17vXJeX7btytOzZkCLhK3IBVQoNG3v7wwwRknscIMSdlznVT5GglFMSN52cskSREeoQHpGRojTqSvp+/ksGqUEEaJMBUrOFV/T2jEpRzzwHRypIZy3puI/3m9TEWXvqZxmikS49miKGNQJXCSDQypIFixsSEIC2puhXiITD7KJFg2IbjzLy+S9mnNdWru3VmlflXEUQKH4AgcAxdcgDq4AQ3QAhg8gmfwCt6sJ+vFerc+Zq1LVjFzAP7A+vwBx9+b5Q==</latexit>

d

dt
(aH)�1

< 0
<latexit sha1_base64="9YAml66XEzPhWXA+W3ZeVmQ4D2U=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoS4siQi6cFF002UF+4A2lslk0g6dTMLMRCghG3/FjQtF3PoZ7vwbp4+FVg9cOJxzL/fe4yecKe04X1ZhaXllda24XtrY3NresXf3WipOJaFNEvNYdnysKGeCNjXTnHYSSXHkc9r2RzcTv/1ApWKxuNPjhHoRHggWMoK1kfr2QS+UmGRBngU6r+D6yX126uZXTt8uO1VnCvSXuHNShjkaffuzF8QkjajQhGOluq6TaC/DUjPCaV7qpYommIzwgHYNFTiiysumD+To2CgBCmNpSmg0VX9OZDhSahz5pjPCeqgWvYn4n9dNdXjpZUwkqaaCzBaFKUc6RpM0UMAkJZqPDcFEMnMrIkNsEtEms5IJwV18+S9pnVVdp+renpdr1/M4inAIR1ABFy6gBnVoQBMI5PAEL/BqPVrP1pv1PmstWPOZffgF6+MbuHaVzw==</latexit><latexit sha1_base64="9YAml66XEzPhWXA+W3ZeVmQ4D2U=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoS4siQi6cFF002UF+4A2lslk0g6dTMLMRCghG3/FjQtF3PoZ7vwbp4+FVg9cOJxzL/fe4yecKe04X1ZhaXllda24XtrY3NresXf3WipOJaFNEvNYdnysKGeCNjXTnHYSSXHkc9r2RzcTv/1ApWKxuNPjhHoRHggWMoK1kfr2QS+UmGRBngU6r+D6yX126uZXTt8uO1VnCvSXuHNShjkaffuzF8QkjajQhGOluq6TaC/DUjPCaV7qpYommIzwgHYNFTiiysumD+To2CgBCmNpSmg0VX9OZDhSahz5pjPCeqgWvYn4n9dNdXjpZUwkqaaCzBaFKUc6RpM0UMAkJZqPDcFEMnMrIkNsEtEms5IJwV18+S9pnVVdp+renpdr1/M4inAIR1ABFy6gBnVoQBMI5PAEL/BqPVrP1pv1PmstWPOZffgF6+MbuHaVzw==</latexit><latexit sha1_base64="9YAml66XEzPhWXA+W3ZeVmQ4D2U=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoS4siQi6cFF002UF+4A2lslk0g6dTMLMRCghG3/FjQtF3PoZ7vwbp4+FVg9cOJxzL/fe4yecKe04X1ZhaXllda24XtrY3NresXf3WipOJaFNEvNYdnysKGeCNjXTnHYSSXHkc9r2RzcTv/1ApWKxuNPjhHoRHggWMoK1kfr2QS+UmGRBngU6r+D6yX126uZXTt8uO1VnCvSXuHNShjkaffuzF8QkjajQhGOluq6TaC/DUjPCaV7qpYommIzwgHYNFTiiysumD+To2CgBCmNpSmg0VX9OZDhSahz5pjPCeqgWvYn4n9dNdXjpZUwkqaaCzBaFKUc6RpM0UMAkJZqPDcFEMnMrIkNsEtEms5IJwV18+S9pnVVdp+renpdr1/M4inAIR1ABFy6gBnVoQBMI5PAEL/BqPVrP1pv1PmstWPOZffgF6+MbuHaVzw==</latexit><latexit sha1_base64="9YAml66XEzPhWXA+W3ZeVmQ4D2U=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoS4siQi6cFF002UF+4A2lslk0g6dTMLMRCghG3/FjQtF3PoZ7vwbp4+FVg9cOJxzL/fe4yecKe04X1ZhaXllda24XtrY3NresXf3WipOJaFNEvNYdnysKGeCNjXTnHYSSXHkc9r2RzcTv/1ApWKxuNPjhHoRHggWMoK1kfr2QS+UmGRBngU6r+D6yX126uZXTt8uO1VnCvSXuHNShjkaffuzF8QkjajQhGOluq6TaC/DUjPCaV7qpYommIzwgHYNFTiiysumD+To2CgBCmNpSmg0VX9OZDhSahz5pjPCeqgWvYn4n9dNdXjpZUwkqaaCzBaFKUc6RpM0UMAkJZqPDcFEMnMrIkNsEtEms5IJwV18+S9pnVVdp+renpdr1/M4inAIR1ABFy6gBnVoQBMI5PAEL/BqPVrP1pv1PmstWPOZffgF6+MbuHaVzw==</latexit>

ä > 0
<latexit sha1_base64="Ihy8yftOUi13rcap4WOAGFl5BbI=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAIrspMFXQlRTcuK9gLtkPJZNI2NJchOSOUoU+hK1F3vo0v4NuY1llo67/6cv4/cP4TJYJb8P0vr7Cyura+UdwsbW3v7O6V9w9aVqeGsibVQptORCwTXLEmcBCskxhGZCRYOxrfzPz2IzOWa3UPk4SFkgwVH3BKwI0eenGsISPTK79frvhVfy68DEEOFZSr0S9/9mJNU8kUUEGs7QZ+AmFGDHAq2LTUSy1LCB2TIes6VEQyG2bzjaf4ZKANhhHD8/fvbEaktRMZuYwkMLKL3mz4n9dNYXAZZlwlKTBFXcR5g1Rg0HhWHMfcMApi4oBQw92WmI6IIRTceUqufrBYdhlatWpwVq3dnVfq1/khiugIHaNTFKALVEe3qIGaiCKFntEbevek9+S9eK8/0YKX/zlEf+R9fAM1l45F</latexit>

✏ ⌘ � Ḣ

H2
< 1

<latexit sha1_base64="RHhOJM9vVdEUtS6r1SD5qlsYmMc=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJVYqJIKCQaGCpaORaIPqSmV4960Vh0n2E6lKsoXsPArLAwgxMrMxt/gPgZoOdKVjs651773+DFnSjvOt7Wyura+sZnbym/v7O7t2weHDRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPbyZ+cwRSsUjc6XEMnZD0BQsYJdpIXbvoQawYj4QHDwkb4TMvkISmXi/SaTXL0up9Obtyu3bBKTlT4GXizkkBzVHr2l/mBZqEIDTlRKm268S6kxKpGeWQ5b1EQUzokPShbaggIahOOj0nw0Wj9HAQSVNC46n6eyIloVLj0DedIdEDtehNxP+8dqKDy07KRJxoEHT2UZBwrCM8yQb3mASq+dgQQiUzu2I6ICYPbRLMmxDcxZOXSaNccp2Se3teqFzP48ihY3SCTpGLLlAFVVEN1RFFj+gZvaI368l6sd6tj1nrijWfOUJ/YH3+AHd6nFY=</latexit><latexit sha1_base64="RHhOJM9vVdEUtS6r1SD5qlsYmMc=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJVYqJIKCQaGCpaORaIPqSmV4960Vh0n2E6lKsoXsPArLAwgxMrMxt/gPgZoOdKVjs651773+DFnSjvOt7Wyura+sZnbym/v7O7t2weHDRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPbyZ+cwRSsUjc6XEMnZD0BQsYJdpIXbvoQawYj4QHDwkb4TMvkISmXi/SaTXL0up9Obtyu3bBKTlT4GXizkkBzVHr2l/mBZqEIDTlRKm268S6kxKpGeWQ5b1EQUzokPShbaggIahOOj0nw0Wj9HAQSVNC46n6eyIloVLj0DedIdEDtehNxP+8dqKDy07KRJxoEHT2UZBwrCM8yQb3mASq+dgQQiUzu2I6ICYPbRLMmxDcxZOXSaNccp2Se3teqFzP48ihY3SCTpGLLlAFVVEN1RFFj+gZvaI368l6sd6tj1nrijWfOUJ/YH3+AHd6nFY=</latexit><latexit sha1_base64="RHhOJM9vVdEUtS6r1SD5qlsYmMc=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJVYqJIKCQaGCpaORaIPqSmV4960Vh0n2E6lKsoXsPArLAwgxMrMxt/gPgZoOdKVjs651773+DFnSjvOt7Wyura+sZnbym/v7O7t2weHDRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPbyZ+cwRSsUjc6XEMnZD0BQsYJdpIXbvoQawYj4QHDwkb4TMvkISmXi/SaTXL0up9Obtyu3bBKTlT4GXizkkBzVHr2l/mBZqEIDTlRKm268S6kxKpGeWQ5b1EQUzokPShbaggIahOOj0nw0Wj9HAQSVNC46n6eyIloVLj0DedIdEDtehNxP+8dqKDy07KRJxoEHT2UZBwrCM8yQb3mASq+dgQQiUzu2I6ICYPbRLMmxDcxZOXSaNccp2Se3teqFzP48ihY3SCTpGLLlAFVVEN1RFFj+gZvaI368l6sd6tj1nrijWfOUJ/YH3+AHd6nFY=</latexit><latexit sha1_base64="RHhOJM9vVdEUtS6r1SD5qlsYmMc=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJVYqJIKCQaGCpaORaIPqSmV4960Vh0n2E6lKsoXsPArLAwgxMrMxt/gPgZoOdKVjs651773+DFnSjvOt7Wyura+sZnbym/v7O7t2weHDRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPbyZ+cwRSsUjc6XEMnZD0BQsYJdpIXbvoQawYj4QHDwkb4TMvkISmXi/SaTXL0up9Obtyu3bBKTlT4GXizkkBzVHr2l/mBZqEIDTlRKm268S6kxKpGeWQ5b1EQUzokPShbaggIahOOj0nw0Wj9HAQSVNC46n6eyIloVLj0DedIdEDtehNxP+8dqKDy07KRJxoEHT2UZBwrCM8yQb3mASq+dgQQiUzu2I6ICYPbRLMmxDcxZOXSaNccp2Se3teqFzP48ihY3SCTpGLLlAFVVEN1RFFj+gZvaI368l6sd6tj1nrijWfOUJ/YH3+AHd6nFY=</latexit>

()
<latexit sha1_base64="6i1hHPk53jlBszhmqLyvBHjknzY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJFXRZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfBsnMQtt/VffnP8fOP/xEsGVtu0vq7K2vrG5Vd2u7ezu7R/UD496Kk4lwy6LRSwHHlUoeIRdzbXAQSKRhp7Avje7zf3+I0rF4+hBzxN0QzqNuM8Z1floxH1/XG/YTbsQWQWnhAaU6ozrn6NJzNIQI80EVWro2Il2Myo1ZwIXtVGqMKFsRqc4NBjREJWbFbsuyJkfS6IDJMX7dzajoVLz0DOZkOpALXv58D9vmGr/2s14lKQaI2YixvNTQXRM8spkwiUyLeYGKJPcbElYQCVl2hymZuo7y2VXoddqOhfN1v1lo31THqIKJ3AK5+DAFbThDjrQBQYBPMMbvFtT68l6sV5/ohWr/HMMf2R9fAPw34vM</latexit>

(
)

<latexit sha1_base64="6i1hHPk53jlBszhmqLyvBHjknzY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJFXRZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfBsnMQtt/VffnP8fOP/xEsGVtu0vq7K2vrG5Vd2u7ezu7R/UD496Kk4lwy6LRSwHHlUoeIRdzbXAQSKRhp7Avje7zf3+I0rF4+hBzxN0QzqNuM8Z1floxH1/XG/YTbsQWQWnhAaU6ozrn6NJzNIQI80EVWro2Il2Myo1ZwIXtVGqMKFsRqc4NBjREJWbFbsuyJkfS6IDJMX7dzajoVLz0DOZkOpALXv58D9vmGr/2s14lKQaI2YixvNTQXRM8spkwiUyLeYGKJPcbElYQCVl2hymZuo7y2VXoddqOhfN1v1lo31THqIKJ3AK5+DAFbThDjrQBQYBPMMbvFtT68l6sV5/ohWr/HMMf2R9fAPw34vM</latexit>

Why is the CMB so uniform ?



Single-field Inflation
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<latexit sha1_base64="Y8gUMs4acaQ+izcNwKsHGzbZykc="></latexit><latexit sha1_base64="Y8gUMs4acaQ+izcNwKsHGzbZykc="></latexit><latexit sha1_base64="Y8gUMs4acaQ+izcNwKsHGzbZykc="></latexit><latexit sha1_base64="Y8gUMs4acaQ+izcNwKsHGzbZykc="></latexit>

�(t,x) = �0(t) + ��(t,x)
<latexit sha1_base64="b11EnLEPteMOA6hKF3p8xJNHQwQ=">AAACGHicbVDLSgMxFM34rPU16tJNsAgtSp0RQTdC0Y3LCvYBnVIyaaYNzWSG5I5Yhn6GG3/FjQtF3Hbn35i2s9DWAxdOzrmX3Hv8WHANjvNtLS2vrK6t5zbym1vbO7v23n5dR4mirEYjEammTzQTXLIacBCsGStGQl+whj+4nfiNR6Y0j+QDDGPWDklP8oBTAkbq2Gde3OdFOE09P8BPo9L15N1xilA68bpMAJnzO3bBKTtT4EXiZqSAMlQ79tjrRjQJmQQqiNYt14mhnRIFnAo2ynuJZjGhA9JjLUMlCZlup9PDRvjYKF0cRMqUBDxVf0+kJNR6GPqmMyTQ1/PeRPzPayUQXLVTLuMEmKSzj4JEYIjwJCXc5YpREENDCFXc7IppnyhCwWSZNyG48ycvkvp52XXK7v1FoXKTxZFDh+gIFZGLLlEF3aEqqiGKntErekcf1ov1Zn1aX7PWJSubOUB/YI1/AHNLnsQ=</latexit><latexit sha1_base64="b11EnLEPteMOA6hKF3p8xJNHQwQ=">AAACGHicbVDLSgMxFM34rPU16tJNsAgtSp0RQTdC0Y3LCvYBnVIyaaYNzWSG5I5Yhn6GG3/FjQtF3Hbn35i2s9DWAxdOzrmX3Hv8WHANjvNtLS2vrK6t5zbym1vbO7v23n5dR4mirEYjEammTzQTXLIacBCsGStGQl+whj+4nfiNR6Y0j+QDDGPWDklP8oBTAkbq2Gde3OdFOE09P8BPo9L15N1xilA68bpMAJnzO3bBKTtT4EXiZqSAMlQ79tjrRjQJmQQqiNYt14mhnRIFnAo2ynuJZjGhA9JjLUMlCZlup9PDRvjYKF0cRMqUBDxVf0+kJNR6GPqmMyTQ1/PeRPzPayUQXLVTLuMEmKSzj4JEYIjwJCXc5YpREENDCFXc7IppnyhCwWSZNyG48ycvkvp52XXK7v1FoXKTxZFDh+gIFZGLLlEF3aEqqiGKntErekcf1ov1Zn1aX7PWJSubOUB/YI1/AHNLnsQ=</latexit><latexit sha1_base64="b11EnLEPteMOA6hKF3p8xJNHQwQ=">AAACGHicbVDLSgMxFM34rPU16tJNsAgtSp0RQTdC0Y3LCvYBnVIyaaYNzWSG5I5Yhn6GG3/FjQtF3Hbn35i2s9DWAxdOzrmX3Hv8WHANjvNtLS2vrK6t5zbym1vbO7v23n5dR4mirEYjEammTzQTXLIacBCsGStGQl+whj+4nfiNR6Y0j+QDDGPWDklP8oBTAkbq2Gde3OdFOE09P8BPo9L15N1xilA68bpMAJnzO3bBKTtT4EXiZqSAMlQ79tjrRjQJmQQqiNYt14mhnRIFnAo2ynuJZjGhA9JjLUMlCZlup9PDRvjYKF0cRMqUBDxVf0+kJNR6GPqmMyTQ1/PeRPzPayUQXLVTLuMEmKSzj4JEYIjwJCXc5YpREENDCFXc7IppnyhCwWSZNyG48ycvkvp52XXK7v1FoXKTxZFDh+gIFZGLLlEF3aEqqiGKntErekcf1ov1Zn1aX7PWJSubOUB/YI1/AHNLnsQ=</latexit><latexit sha1_base64="b11EnLEPteMOA6hKF3p8xJNHQwQ=">AAACGHicbVDLSgMxFM34rPU16tJNsAgtSp0RQTdC0Y3LCvYBnVIyaaYNzWSG5I5Yhn6GG3/FjQtF3Hbn35i2s9DWAxdOzrmX3Hv8WHANjvNtLS2vrK6t5zbym1vbO7v23n5dR4mirEYjEammTzQTXLIacBCsGStGQl+whj+4nfiNR6Y0j+QDDGPWDklP8oBTAkbq2Gde3OdFOE09P8BPo9L15N1xilA68bpMAJnzO3bBKTtT4EXiZqSAMlQ79tjrRjQJmQQqiNYt14mhnRIFnAo2ynuJZjGhA9JjLUMlCZlup9PDRvjYKF0cRMqUBDxVf0+kJNR6GPqmMyTQ1/PeRPzPayUQXLVTLuMEmKSzj4JEYIjwJCXc5YpREENDCFXc7IppnyhCwWSZNyG48ycvkvp52XXK7v1FoXKTxZFDh+gIFZGLLlEF3aEqqiGKntErekcf1ov1Zn1aX7PWJSubOUB/YI1/AHNLnsQ=</latexit>

��(t,x) ⌘ 0
<latexit sha1_base64="KQq7B+joIdAMFOPeDpsjdXnFKTI=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUGIIGFGBD0GvXiMYBbIhNDTqUma9Cx21wTDkJMXf8WLB0W8+g3e/Bs7y0ETHxQ83quiqp4XS6HRtr+tzNLyyupadj23sbm1vZPf3avpKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178e+/UBKC2i8A6HMbQC1g2FLzhDI7Xzh24HJDI37okinqau59OH0YkL94kYULudL9glewK6SJwZKZAZKu38l9uJeBJAiFwyrZuOHWMrZQoFlzDKuYmGmPE+60LT0JAFoFvp5I0RPTZKh/qRMhUinai/J1IWaD0MPNMZMOzpeW8s/uc1E/QvW6kI4wQh5NNFfiIpRnScCe0IBRzl0BDGlTC3Ut5jinE0yeVMCM78y4ukdlZy7JJze14oX83iyJIDckSKxCEXpExuSIVUCSeP5Jm8kjfryXqx3q2PaWvGms3skz+wPn8ANg2YSw==</latexit><latexit sha1_base64="KQq7B+joIdAMFOPeDpsjdXnFKTI=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUGIIGFGBD0GvXiMYBbIhNDTqUma9Cx21wTDkJMXf8WLB0W8+g3e/Bs7y0ETHxQ83quiqp4XS6HRtr+tzNLyyupadj23sbm1vZPf3avpKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178e+/UBKC2i8A6HMbQC1g2FLzhDI7Xzh24HJDI37okinqau59OH0YkL94kYULudL9glewK6SJwZKZAZKu38l9uJeBJAiFwyrZuOHWMrZQoFlzDKuYmGmPE+60LT0JAFoFvp5I0RPTZKh/qRMhUinai/J1IWaD0MPNMZMOzpeW8s/uc1E/QvW6kI4wQh5NNFfiIpRnScCe0IBRzl0BDGlTC3Ut5jinE0yeVMCM78y4ukdlZy7JJze14oX83iyJIDckSKxCEXpExuSIVUCSeP5Jm8kjfryXqx3q2PaWvGms3skz+wPn8ANg2YSw==</latexit><latexit sha1_base64="KQq7B+joIdAMFOPeDpsjdXnFKTI=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUGIIGFGBD0GvXiMYBbIhNDTqUma9Cx21wTDkJMXf8WLB0W8+g3e/Bs7y0ETHxQ83quiqp4XS6HRtr+tzNLyyupadj23sbm1vZPf3avpKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178e+/UBKC2i8A6HMbQC1g2FLzhDI7Xzh24HJDI37okinqau59OH0YkL94kYULudL9glewK6SJwZKZAZKu38l9uJeBJAiFwyrZuOHWMrZQoFlzDKuYmGmPE+60LT0JAFoFvp5I0RPTZKh/qRMhUinai/J1IWaD0MPNMZMOzpeW8s/uc1E/QvW6kI4wQh5NNFfiIpRnScCe0IBRzl0BDGlTC3Ut5jinE0yeVMCM78y4ukdlZy7JJze14oX83iyJIDckSKxCEXpExuSIVUCSeP5Jm8kjfryXqx3q2PaWvGms3skz+wPn8ANg2YSw==</latexit><latexit sha1_base64="KQq7B+joIdAMFOPeDpsjdXnFKTI=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUGIIGFGBD0GvXiMYBbIhNDTqUma9Cx21wTDkJMXf8WLB0W8+g3e/Bs7y0ETHxQ83quiqp4XS6HRtr+tzNLyyupadj23sbm1vZPf3avpKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178e+/UBKC2i8A6HMbQC1g2FLzhDI7Xzh24HJDI37okinqau59OH0YkL94kYULudL9glewK6SJwZKZAZKu38l9uJeBJAiFwyrZuOHWMrZQoFlzDKuYmGmPE+60LT0JAFoFvp5I0RPTZKh/qRMhUinai/J1IWaD0MPNMZMOzpeW8s/uc1E/QvW6kI4wQh5NNFfiIpRnScCe0IBRzl0BDGlTC3Ut5jinE0yeVMCM78y4ukdlZy7JJze14oX83iyJIDckSKxCEXpExuSIVUCSeP5Jm8kjfryXqx3q2PaWvGms3skz+wPn8ANg2YSw==</latexit>

Comoving gauge

�̈0 + 3H�̇0 + @�0V = 0Background

ds2 = �N2dt2 + �ij(dx
i +N idt)(dxj +N jdt)

<latexit sha1_base64="CpVgRY7sFYvPKnYutqBeYdv6vAY=">AAACGnicbZDLSsNAFIYnXmu9VV26CRahUixJEHQjFN24KhXsBdqmTCbTdtqZJMyciCX0Odz4Km5cKOJO3Pg2Ti8Lbf1h4OM/53Dm/F7EmQLL+jaWlldW19ZTG+nNre2d3czeflWFsSS0QkIeyrqHFeUsoBVgwGk9khQLj9OaN7ge12v3VCoWBncwjGhL4G7AOoxg0FY7Y/vKdS5PS67jg+vkm10sBG4nrD/K+Q8uy5dc5sPJmPua+5rbmaxVsCYyF8GeQRbNVG5nPpt+SGJBAyAcK9WwrQhaCZbACKejdDNWNMJkgLu0oTHAgqpWMjltZB5rxzc7odQvAHPi/p5IsFBqKDzdKTD01HxtbP5Xa8TQuWglLIhioAGZLurE3ITQHOdk+kxSAnyoARPJ9F9N0sMSE9BppnUI9vzJi1B1CrZVsG/PssWrWRwpdIiOUA7Z6BwV0Q0qowoi6BE9o1f0ZjwZL8a78TFtXTJmMwfoj4yvH86Fn3o=</latexit><latexit sha1_base64="CpVgRY7sFYvPKnYutqBeYdv6vAY=">AAACGnicbZDLSsNAFIYnXmu9VV26CRahUixJEHQjFN24KhXsBdqmTCbTdtqZJMyciCX0Odz4Km5cKOJO3Pg2Ti8Lbf1h4OM/53Dm/F7EmQLL+jaWlldW19ZTG+nNre2d3czeflWFsSS0QkIeyrqHFeUsoBVgwGk9khQLj9OaN7ge12v3VCoWBncwjGhL4G7AOoxg0FY7Y/vKdS5PS67jg+vkm10sBG4nrD/K+Q8uy5dc5sPJmPua+5rbmaxVsCYyF8GeQRbNVG5nPpt+SGJBAyAcK9WwrQhaCZbACKejdDNWNMJkgLu0oTHAgqpWMjltZB5rxzc7odQvAHPi/p5IsFBqKDzdKTD01HxtbP5Xa8TQuWglLIhioAGZLurE3ITQHOdk+kxSAnyoARPJ9F9N0sMSE9BppnUI9vzJi1B1CrZVsG/PssWrWRwpdIiOUA7Z6BwV0Q0qowoi6BE9o1f0ZjwZL8a78TFtXTJmMwfoj4yvH86Fn3o=</latexit><latexit sha1_base64="CpVgRY7sFYvPKnYutqBeYdv6vAY=">AAACGnicbZDLSsNAFIYnXmu9VV26CRahUixJEHQjFN24KhXsBdqmTCbTdtqZJMyciCX0Odz4Km5cKOJO3Pg2Ti8Lbf1h4OM/53Dm/F7EmQLL+jaWlldW19ZTG+nNre2d3czeflWFsSS0QkIeyrqHFeUsoBVgwGk9khQLj9OaN7ge12v3VCoWBncwjGhL4G7AOoxg0FY7Y/vKdS5PS67jg+vkm10sBG4nrD/K+Q8uy5dc5sPJmPua+5rbmaxVsCYyF8GeQRbNVG5nPpt+SGJBAyAcK9WwrQhaCZbACKejdDNWNMJkgLu0oTHAgqpWMjltZB5rxzc7odQvAHPi/p5IsFBqKDzdKTD01HxtbP5Xa8TQuWglLIhioAGZLurE3ITQHOdk+kxSAnyoARPJ9F9N0sMSE9BppnUI9vzJi1B1CrZVsG/PssWrWRwpdIiOUA7Z6BwV0Q0qowoi6BE9o1f0ZjwZL8a78TFtXTJmMwfoj4yvH86Fn3o=</latexit><latexit sha1_base64="CpVgRY7sFYvPKnYutqBeYdv6vAY=">AAACGnicbZDLSsNAFIYnXmu9VV26CRahUixJEHQjFN24KhXsBdqmTCbTdtqZJMyciCX0Odz4Km5cKOJO3Pg2Ti8Lbf1h4OM/53Dm/F7EmQLL+jaWlldW19ZTG+nNre2d3czeflWFsSS0QkIeyrqHFeUsoBVgwGk9khQLj9OaN7ge12v3VCoWBncwjGhL4G7AOoxg0FY7Y/vKdS5PS67jg+vkm10sBG4nrD/K+Q8uy5dc5sPJmPua+5rbmaxVsCYyF8GeQRbNVG5nPpt+SGJBAyAcK9WwrQhaCZbACKejdDNWNMJkgLu0oTHAgqpWMjltZB5rxzc7odQvAHPi/p5IsFBqKDzdKTD01HxtbP5Xa8TQuWglLIhioAGZLurE3ITQHOdk+kxSAnyoARPJ9F9N0sMSE9BppnUI9vzJi1B1CrZVsG/PssWrWRwpdIiOUA7Z6BwV0Q0qowoi6BE9o1f0ZjwZL8a78TFtXTJmMwfoj4yvH86Fn3o=</latexit>

�ij = a2(t)[(1 + 2⇣(t,x))�ij + hij ]
<latexit sha1_base64="2CrXN50j66aX78+XXwg5d9InG10="></latexit><latexit sha1_base64="2CrXN50j66aX78+XXwg5d9InG10="></latexit><latexit sha1_base64="2CrXN50j66aX78+XXwg5d9InG10="></latexit><latexit sha1_base64="2CrXN50j66aX78+XXwg5d9InG10="></latexit>



Single-field Inflation: Scalar perturbations
h0|⇣̂†k⇣̂k0 |0i = (2⇡)3�3(k� k0)

2⇡2

k3
P⇣(k)

<latexit sha1_base64="aE2csGk9GXQZUh8Eci/lY+ZQBLE="></latexit><latexit sha1_base64="aE2csGk9GXQZUh8Eci/lY+ZQBLE="></latexit><latexit sha1_base64="aE2csGk9GXQZUh8Eci/lY+ZQBLE="></latexit><latexit sha1_base64="aE2csGk9GXQZUh8Eci/lY+ZQBLE="></latexit>

P⇣(k) =
H

2

8⇡2✏M2
Pl

<latexit sha1_base64="/pjagGH7DjiWSIh3ZYxrTPG/sbk=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBDiJewGwVyEoJdchAjmAdlkmZ30JkNmZ5eZWSEu+Qsv/ooXD4p41Zt/4+Rx0MSChqKqm+4uP+ZMadv+tlZW19Y3NjNb2e2d3b393MFhQ0WJpFCnEY9kyycKOBNQ10xzaMUSSOhzaPrD64nfvAepWCTu9CiGTkj6ggWMEm0kL1esee4DaFIYnl26gSQ0rXZL47TsxqxbciFWjEcC33hpjY+N4eXydtGeAi8TZ07yaI6al/tyexFNQhCacqJU27Fj3UmJ1IxyGGfdREFM6JD0oW2oICGoTjr9a4xPjdLDQSRNCY2n6u+JlIRKjULfdIZED9SiNxH/89qJDsqdlIk40SDobFGQcKwjPAkJ95gEqvnIEEIlM7diOiAmHW2izJoQnMWXl0mjVHTsonN7nq9czePIoGN0ggrIQReogqqohuqIokf0jF7Rm/VkvVjv1sesdcWazxyhP7A+fwAzsp9S</latexit><latexit sha1_base64="/pjagGH7DjiWSIh3ZYxrTPG/sbk=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBDiJewGwVyEoJdchAjmAdlkmZ30JkNmZ5eZWSEu+Qsv/ooXD4p41Zt/4+Rx0MSChqKqm+4uP+ZMadv+tlZW19Y3NjNb2e2d3b393MFhQ0WJpFCnEY9kyycKOBNQ10xzaMUSSOhzaPrD64nfvAepWCTu9CiGTkj6ggWMEm0kL1esee4DaFIYnl26gSQ0rXZL47TsxqxbciFWjEcC33hpjY+N4eXydtGeAi8TZ07yaI6al/tyexFNQhCacqJU27Fj3UmJ1IxyGGfdREFM6JD0oW2oICGoTjr9a4xPjdLDQSRNCY2n6u+JlIRKjULfdIZED9SiNxH/89qJDsqdlIk40SDobFGQcKwjPAkJ95gEqvnIEEIlM7diOiAmHW2izJoQnMWXl0mjVHTsonN7nq9czePIoGN0ggrIQReogqqohuqIokf0jF7Rm/VkvVjv1sesdcWazxyhP7A+fwAzsp9S</latexit><latexit sha1_base64="/pjagGH7DjiWSIh3ZYxrTPG/sbk=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBDiJewGwVyEoJdchAjmAdlkmZ30JkNmZ5eZWSEu+Qsv/ooXD4p41Zt/4+Rx0MSChqKqm+4uP+ZMadv+tlZW19Y3NjNb2e2d3b393MFhQ0WJpFCnEY9kyycKOBNQ10xzaMUSSOhzaPrD64nfvAepWCTu9CiGTkj6ggWMEm0kL1esee4DaFIYnl26gSQ0rXZL47TsxqxbciFWjEcC33hpjY+N4eXydtGeAi8TZ07yaI6al/tyexFNQhCacqJU27Fj3UmJ1IxyGGfdREFM6JD0oW2oICGoTjr9a4xPjdLDQSRNCY2n6u+JlIRKjULfdIZED9SiNxH/89qJDsqdlIk40SDobFGQcKwjPAkJ95gEqvnIEEIlM7diOiAmHW2izJoQnMWXl0mjVHTsonN7nq9czePIoGN0ggrIQReogqqohuqIokf0jF7Rm/VkvVjv1sesdcWazxyhP7A+fwAzsp9S</latexit><latexit sha1_base64="/pjagGH7DjiWSIh3ZYxrTPG/sbk=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBDiJewGwVyEoJdchAjmAdlkmZ30JkNmZ5eZWSEu+Qsv/ooXD4p41Zt/4+Rx0MSChqKqm+4uP+ZMadv+tlZW19Y3NjNb2e2d3b393MFhQ0WJpFCnEY9kyycKOBNQ10xzaMUSSOhzaPrD64nfvAepWCTu9CiGTkj6ggWMEm0kL1esee4DaFIYnl26gSQ0rXZL47TsxqxbciFWjEcC33hpjY+N4eXydtGeAi8TZ07yaI6al/tyexFNQhCacqJU27Fj3UmJ1IxyGGfdREFM6JD0oW2oICGoTjr9a4xPjdLDQSRNCY2n6u+JlIRKjULfdIZED9SiNxH/89qJDsqdlIk40SDobFGQcKwjPAkJ95gEqvnIEEIlM7diOiAmHW2izJoQnMWXl0mjVHTsonN7nq9czePIoGN0ggrIQReogqqohuqIokf0jF7Rm/VkvVjv1sesdcWazxyhP7A+fwAzsp9S</latexit>

DTT
` =

`(`+ 1)

4⇡3

Z
dk k2P⇣(k)T

2
`

<latexit sha1_base64="ckxGkRU3Zcb85DEqPktpfZgCiiY="></latexit>

PLANCK collaboration 
(2018)



Single-field Inflation: Tensor perturbations
Ph(k) =

2H2

⇡2M2
Pl

<latexit sha1_base64="8yyQ4tZWVRFcZLMNr/pAuV9UAjI=">AAACDnicbVDLSgMxFM34tr6qLt0Ei6AIZWYUdCOIbtwIFawKnTpk4h0bmnmQ3BFLmH/Qn9GVqDsX/oB/Y1q78HVWJ+ecwD0nyqXQ6Lofzsjo2PjE5NR0ZWZ2bn6hurh0prNCcWjyTGbqImIapEihiQIlXOQKWBJJOI+6h33//AaUFll6ir0c2gm7TkUsOEMrhdXNRmg65Xp3Yy+IFePGP7r0SxPk4tKnx6EJEG7RNGRZWjms1ty6OwD9S7whqZEhGmH1PbjKeJFAilwyrVuem2PbMIWCSygrQaEhZ7zLrqFlacoS0G0zKFXStThTFDtAB+/vWcMSrXtJZDMJw47+7fXF/7xWgfFu24g0LxBSbiPWiwtJMaP9beiVUMBR9ixhXAl7JeUdZmdBu2DF1vd+l/1Lzvy6t1X3T7Zr+wfDIabIClkl68QjO2SfHJEGaRJO7skjeSGvzp3z4Dw5z1/REWf4Z5n8gPP2Cbjwm9o=</latexit>

Has not been observed 

It is possible to constraint through observation, the ratio between the spectra

r =
Ph

P⇣
<latexit sha1_base64="wYFj7rjjbE8j0P9J1on2JmFyni0=">AAAB+XicbVDLSsNAFJ3UV62vqODGzWARXJWkCroRim5cVrAPaEKYTG+aoZMHMxOhxnyMrkTd+Rv+gH/jtGahrWdxOfeec+He46ecSWVZX0ZlaXllda26XtvY3NreMXf3ujLJBIUOTXgi+j6RwFkMHcUUh34qgEQ+h54/vp7qvXsQkiXxnZqk4EZkFLOAUaL0yDMPxCV2AkFo3vbCQhfnARQpPLNuNawZ8CKxS1JHJdqe+ekME5pFECvKiZQD20qVmxOhGOVQ1JxMQkromIxgoGlMIpBuPru/wMdBIrAKAc/6396cRFJOIl97IqJCOa9Nh/9pg0wFF27O4jRTEFNt0VqQcawSPI0BD5kAqvhEE0IF01diGhKdg9Jh1fT79vyzi6TbbNinjebtWb11VQZRRYfoCJ0gG52jFrpBbdRBFD2iZ/SG3o3ceDJejNcfa8Uod/bRHxgf38Fnk60=</latexit>

r < 0.062 (95%CL)
<latexit sha1_base64="0V2Y1u60K/kbByBx4Eic417PxtI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gKdVOS4hNcFLtx4aKCfUATymQyaYdOJnFmIpRQ8FfcuFDErd/hzr9x2mahrQcuHM65l3vv8WJGpbKsbyO3tLyyupZfL2xsbm3vmLt7LRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w/rEbz8SIWnE79UoJm6I+pwGFCOlpZ55IK6sinVWdR4S5JcvT50SrN8e98yiVqeAi8TOSBFkaPTML8ePcBISrjBDUnZtK1ZuioSimJFxwUkkiREeoj7paspRSKSbTs8fw5JWfBhEQhdXcKr+nkhRKOUo9HRniNRAznsT8T+vm6jgwk0pjxNFOJ4tChIGVQQnWUCfCoIVG2mCsKD6VogHSCCsdGIFHYI9//IiaVUrtlWx706Ktessjjw4BEegDGxwDmrgBjRAE2CQgmfwCt6MJ+PFeDc+Zq05I5vZB39gfP4ARMyTFw==</latexit><latexit sha1_base64="0V2Y1u60K/kbByBx4Eic417PxtI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gKdVOS4hNcFLtx4aKCfUATymQyaYdOJnFmIpRQ8FfcuFDErd/hzr9x2mahrQcuHM65l3vv8WJGpbKsbyO3tLyyupZfL2xsbm3vmLt7LRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w/rEbz8SIWnE79UoJm6I+pwGFCOlpZ55IK6sinVWdR4S5JcvT50SrN8e98yiVqeAi8TOSBFkaPTML8ePcBISrjBDUnZtK1ZuioSimJFxwUkkiREeoj7paspRSKSbTs8fw5JWfBhEQhdXcKr+nkhRKOUo9HRniNRAznsT8T+vm6jgwk0pjxNFOJ4tChIGVQQnWUCfCoIVG2mCsKD6VogHSCCsdGIFHYI9//IiaVUrtlWx706Ktessjjw4BEegDGxwDmrgBjRAE2CQgmfwCt6MJ+PFeDc+Zq05I5vZB39gfP4ARMyTFw==</latexit><latexit sha1_base64="0V2Y1u60K/kbByBx4Eic417PxtI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gKdVOS4hNcFLtx4aKCfUATymQyaYdOJnFmIpRQ8FfcuFDErd/hzr9x2mahrQcuHM65l3vv8WJGpbKsbyO3tLyyupZfL2xsbm3vmLt7LRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w/rEbz8SIWnE79UoJm6I+pwGFCOlpZ55IK6sinVWdR4S5JcvT50SrN8e98yiVqeAi8TOSBFkaPTML8ePcBISrjBDUnZtK1ZuioSimJFxwUkkiREeoj7paspRSKSbTs8fw5JWfBhEQhdXcKr+nkhRKOUo9HRniNRAznsT8T+vm6jgwk0pjxNFOJ4tChIGVQQnWUCfCoIVG2mCsKD6VogHSCCsdGIFHYI9//IiaVUrtlWx706Ktessjjw4BEegDGxwDmrgBjRAE2CQgmfwCt6MJ+PFeDc+Zq05I5vZB39gfP4ARMyTFw==</latexit><latexit sha1_base64="0V2Y1u60K/kbByBx4Eic417PxtI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gKdVOS4hNcFLtx4aKCfUATymQyaYdOJnFmIpRQ8FfcuFDErd/hzr9x2mahrQcuHM65l3vv8WJGpbKsbyO3tLyyupZfL2xsbm3vmLt7LRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w/rEbz8SIWnE79UoJm6I+pwGFCOlpZ55IK6sinVWdR4S5JcvT50SrN8e98yiVqeAi8TOSBFkaPTML8ePcBISrjBDUnZtK1ZuioSimJFxwUkkiREeoj7paspRSKSbTs8fw5JWfBhEQhdXcKr+nkhRKOUo9HRniNRAznsT8T+vm6jgwk0pjxNFOJ4tChIGVQQnWUCfCoIVG2mCsKD6VogHSCCsdGIFHYI9//IiaVUrtlWx706Ktessjjw4BEegDGxwDmrgBjRAE2CQgmfwCt6MJ+PFeDc+Zq05I5vZB39gfP4ARMyTFw==</latexit>

BICEP2/Keck collaboration 
(2018) 

Additionally, exists a relation between the field displacement and the tensor-to-scalar ratio

��

MPl
& O(1)

r
r

0.01
<latexit sha1_base64="43mHdM7wVY261+SP037AuwzOVPI="></latexit><latexit sha1_base64="43mHdM7wVY261+SP037AuwzOVPI="></latexit><latexit sha1_base64="43mHdM7wVY261+SP037AuwzOVPI="></latexit><latexit sha1_base64="43mHdM7wVY261+SP037AuwzOVPI="></latexit>

Lyth (1997)

Near future surveys, could achieve r ⇠ 0.01
<latexit sha1_base64="sYSPDfwQAm4x0EfV8Bm7jS7GLWc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdsljA7mU2GzGOZmRXCkr/Qk6g3v8Yf8G+cxD1oYl26uqsaujpOOTPW97+80tr6xuZWebuys7u3f1A9POoYlWlC20RxpXsxNpQzSduWWU57qaZYxJx248ntXO8+Um2Ykg92mtJI4JFkCSPYulGoUd8wgfy6HwyqNVcWQKskKEgNCrQG1c/+UJFMUGkJx8aEgZ/aKMfaMsLprNLPDE0xmeARDR2VWFAT5YuTZ+gsURrZMUWL/rc3x8KYqYidR2A7NsvafPifFmY2uY5yJtPMUkmcxWlJxpFVaJ4cDZmmxPKpI5ho5q5EZIw1Jtb9p+LiB8thV0mnUQ8u6o37y1rzpnhEGU7gFM4hgCtowh20oA0EFDzDG7x70nvyXrzXH2vJK3aO4Q+8j29Hd42X</latexit>

CLASS  
CMB S4 

Simons Observatory



The Swampland program
Vafa (2005) 

Vafa & Ooguri (2007) 
Arkani-Hamed, Motl, Nicolis & Vafa (2006) 

Klaewer & Palti (2016)



The distance conjecture

M(Q) = M(P )e�⌫d(Q,P )
<latexit sha1_base64="0YVcvmMII1ovsqwIINC4vxBhh9E=">AAAB+3icbVDLSsNAFJ3UV62vqhvBzWARUtCSiKAboejGTaEF+4A2lsn0ph06eTAzEUqIP6MrUXf+hT/g3zitWWjrWZ17z7lwz3EjzqSyrC8jt7S8srqWXy9sbG5t7xR391oyjAWFJg15KDoukcBZAE3FFIdOJID4Loe2O76Z6u0HEJKFwZ2aROD4ZBgwj1Gi9KpfPKiZjfJVzayX4T457QUxHpiNk3o57RdLVsWaAS8SOyMllKHeL372BiGNfQgU5UTKrm1FykmIUIxySAu9WEJE6JgMoatpQHyQTjJLkOJjLxRYjQDP5t/ehPhSTnxXe3yiRnJemy7/07qx8i6dhAVRrCCg2qI1L+ZYhXhaBB4wAVTxiSaECqa/xHREBKFK11XQ8e35sIukdVaxrYrdOC9Vr7Mi8ugQHSET2egCVdEtqqMmougRPaM39G6kxpPxYrz+WHNGdrOP/sD4+AaFlZIT</latexit><latexit sha1_base64="0YVcvmMII1ovsqwIINC4vxBhh9E=">AAAB+3icbVDLSsNAFJ3UV62vqhvBzWARUtCSiKAboejGTaEF+4A2lsn0ph06eTAzEUqIP6MrUXf+hT/g3zitWWjrWZ17z7lwz3EjzqSyrC8jt7S8srqWXy9sbG5t7xR391oyjAWFJg15KDoukcBZAE3FFIdOJID4Loe2O76Z6u0HEJKFwZ2aROD4ZBgwj1Gi9KpfPKiZjfJVzayX4T457QUxHpiNk3o57RdLVsWaAS8SOyMllKHeL372BiGNfQgU5UTKrm1FykmIUIxySAu9WEJE6JgMoatpQHyQTjJLkOJjLxRYjQDP5t/ehPhSTnxXe3yiRnJemy7/07qx8i6dhAVRrCCg2qI1L+ZYhXhaBB4wAVTxiSaECqa/xHREBKFK11XQ8e35sIukdVaxrYrdOC9Vr7Mi8ugQHSET2egCVdEtqqMmougRPaM39G6kxpPxYrz+WHNGdrOP/sD4+AaFlZIT</latexit><latexit sha1_base64="0YVcvmMII1ovsqwIINC4vxBhh9E=">AAAB+3icbVDLSsNAFJ3UV62vqhvBzWARUtCSiKAboejGTaEF+4A2lsn0ph06eTAzEUqIP6MrUXf+hT/g3zitWWjrWZ17z7lwz3EjzqSyrC8jt7S8srqWXy9sbG5t7xR391oyjAWFJg15KDoukcBZAE3FFIdOJID4Loe2O76Z6u0HEJKFwZ2aROD4ZBgwj1Gi9KpfPKiZjfJVzayX4T457QUxHpiNk3o57RdLVsWaAS8SOyMllKHeL372BiGNfQgU5UTKrm1FykmIUIxySAu9WEJE6JgMoatpQHyQTjJLkOJjLxRYjQDP5t/ehPhSTnxXe3yiRnJemy7/07qx8i6dhAVRrCCg2qI1L+ZYhXhaBB4wAVTxiSaECqa/xHREBKFK11XQ8e35sIukdVaxrYrdOC9Vr7Mi8ugQHSET2egCVdEtqqMmougRPaM39G6kxpPxYrz+WHNGdrOP/sD4+AaFlZIT</latexit><latexit sha1_base64="0YVcvmMII1ovsqwIINC4vxBhh9E=">AAAB+3icbVDLSsNAFJ3UV62vqhvBzWARUtCSiKAboejGTaEF+4A2lsn0ph06eTAzEUqIP6MrUXf+hT/g3zitWWjrWZ17z7lwz3EjzqSyrC8jt7S8srqWXy9sbG5t7xR391oyjAWFJg15KDoukcBZAE3FFIdOJID4Loe2O76Z6u0HEJKFwZ2aROD4ZBgwj1Gi9KpfPKiZjfJVzayX4T457QUxHpiNk3o57RdLVsWaAS8SOyMllKHeL372BiGNfQgU5UTKrm1FykmIUIxySAu9WEJE6JgMoatpQHyQTjJLkOJjLxRYjQDP5t/ehPhSTnxXe3yiRnJemy7/07qx8i6dhAVRrCCg2qI1L+ZYhXhaBB4wAVTxiSaECqa/xHREBKFK11XQ8e35sIukdVaxrYrdOC9Vr7Mi8ugQHSET2egCVdEtqqMmougRPaM39G6kxpPxYrz+WHNGdrOP/sD4+AaFlZIT</latexit>

From string compactifications it is possible to find a tower of massless states at finite distances 

The requirement                        applies when the distance is a geodesicd(Q,P ) < MPl
<latexit sha1_base64="epafyjrXHwuuwhA06p5wfvcpXvk=">AAAB+XicbZDLSgMxFIYz9VbrrSq4cRMsQgUpM1XQhYuiGzdCC/YC7TBk0tM2NHMhOSOWsQ+jK1F3voYv4NuY1i60+q++nP8PnPP7sRQabfvTyiwsLi2vZFdza+sbm1v57Z2GjhLFoc4jGamWzzRIEUIdBUpoxQpY4Eto+sOrid+8A6VFFN7iKAY3YP1Q9ARnaEZefq9brB1Xj+gFvfHSDsI9plU5Hnv5gl2yp6J/wZlBgcxU9fIfnW7EkwBC5JJp3XbsGN2UKRRcwjjXSTTEjA9ZH9oGQxaAdtPp/mN62IsUxQHQ6ftnNmWB1qPAN5mA4UDPe5Phf147wd65m4owThBCbiLG6yWSYkQnNdCuUMBRjgwwroTZkvIBU4yjKStnznfmj/0LjXLJOSmVa6eFyuWsiCzZJwekSBxyRirkmlRJnXDyQJ7IK3mzUuvRerZevqMZa/Znl/yS9f4FEBKSlw==</latexit>

��G < O(1)MPl
<latexit sha1_base64="LAOQBFK5iGsr5XXOu6twLd8kTuY="></latexit>

P
<latexit sha1_base64="aNVhNMq7o6abql9aHz6ZVgLNdxM=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNNEl0Y1LSOSRwMT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbu6Xfd0UreCVElDrvvlFNbWNza3itulnd29/YPy4VHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gvHtPO88ojYyie9pkqIf8WEsQyk42VGz8VCuuFV3IbZqvNxUIJflP/uDRGQRxiQUN6bnuSn5U65JCoWzUj8zmHIx5kPsWRvzCI0/XSw6Y2dhohmNkC3ev9kpj4yZRIFlIk4js5zNh/9lvYzCa38q4zQjjIVFbBZmilHC5n3ZQGoUpCbWcKGl3ZKJEddckL1Kydb3lsuumnat6l1Ua83LSv0mP0QRTuAUzsGDK6jDHTSgBQIQnuEN3p2B8+S8OK8/aMHJ/xzDHzkf36DXim0=</latexit>

Q
<latexit sha1_base64="H0jd6lCGFWQOx9z1S/Fl9QJ1fW8=">AAAB4nicbZDLTgJBEEVrfCK+UJduOhITV2QGTXRJdOMSEnkkMCE9TQ106Hmku8aEEH5AV0bd+Un+gH9jg7NQ8K5O172d1K0gVdKQ6345a+sbm1vbhZ3i7t7+wWHp6LhlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7rcfURuZxA80SdGP+DCWoRSc7KjR6JfKbsVdiK2Cl0MZctX7pc/eIBFZhDEJxY3pem5K/pRrkkLhrNjLDKZcjPkQuxZjHqHxp4tFZ+w8TDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWjre8tlV6FVrXiXlWrjqly7zQ9RgFM4gwvw4BpqcA91aIIAhGd4g3dn4Dw5L87rT3TNyf+cwB85H9+iVYpu</latexit>

d(P
,Q)

<latexit sha1_base64="aCKK8vLFF+TSER1Rl5acBipIR0E=">AAAB53icbZDLTgIxFIbP4A3xhrp000hMMDFkBkx0SXTjEhK5JDAhnXIGKp1L2o4JmfAMujLqzvfxBXwbC85CwX/19fx/k/MfLxZcadv+snJr6xubW/ntws7u3v5B8fCoraJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiT27nfeUSpeBTe62mMbkBHIfc5o9qM2sNy46J5PiiW7Iq9EFkFJ4MSZGoMip/9YcSSAEPNBFWq59ixdlMqNWcCZ4V+ojCmbEJH2DMY0gCVmy62nZEzP5JEj5Es3r+zKQ2UmgaeyQRUj9WyNx/+5/US7V+7KQ/jRGPITMR4fiKIjsi8NBlyiUyLqQHKJDdbEjamkjJtTlMw9Z3lsqvQrlacWqXavCzVb7JD5OEETqEMDlxBHe6gAS1g8ADP8AbvFreerBfr9Seas7I/x/BH1sc3JjeL0Q==</latexit>

 
<latexit sha1_base64="78w9sW6vDYxqMGLMAo/AsQEFqGw=">AAACEHicbZC7TsMwFIadcivlFmBksaiQGKBKmgroVsHCWCR6kZKoclyntepcZDtIVdSXgJeBCQEb4gV4G5w0A7T80+fz/z4653gxo0IaxrdWWlldW98ob1a2tnd29/T9g66IEo5JB0cs4n0PCcJoSDqSSkb6MSco8BjpeZObzO89EC5oFN7LaUzcAI1C6lOMpCoN9PPUyZvYfOS5qVFrZro4m4PVVGA0TMOyZk4s6GygV1UhF1wGs4AqKNQe6F/OMMJJQEKJGRLCNo1YuinikmJGZhUnESRGeIJGxFYYooAIN80nmsETP+JQjgnM37+zKQqEmAaeygRIjsWilxX/8+xE+lduSsM4kSTEKqI8P2FQRjC7DhxSTrBkUwUIc6qmhHiMOMJS3bCi1jcXl12Gbr1mWrX6XaPaui4OUQZH4BicAhNcgha4BW3QARg8gRfwDj60R+1Ze9Xe5tGSVvw5BH+kff4AB0WZTA==</latexit>

�
<latexit sha1_base64="GW3T6o7Rq9bU3tK1UYhImwsciDk=">AAACEHicbZC7TsMwFIadcivlFmBkiaiQGKBKmgroVsHCWCR6kZKoclynsepcZDtIVZSXgJeBCQEb4gV4G5w0A7T80+fz/z4657gxJVzo+rdSWVldW9+obta2tnd299T9gz6PEoZwD0U0YkMXckxJiHuCCIqHMcMwcCkeuNOb3B88YMZJFN6LWYydAE5C4hEEhSyN1PPULppYbOI6qd5o57o4m4PZlqC3DN00M7vrk2yk1mWhkLYMRgl1UKo7Ur/scYSSAIcCUci5ZeixcFLIBEEUZzU74TiGaAon2JIYwgBzJy0myrQTL2Ka8LFWvH9nUxhwPgtcmQmg8Pmilxf/86xEeFdOSsI4EThEMiI9L6GaiLT8OtqYMIwEnUmAiBE5pYZ8yCAS8oY1ub6xuOwy9JsNw2w071r1znV5iCo4AsfgFBjgEnTALeiCHkDgCbyAd/ChPCrPyqvyNo9WlPLPIfgj5fMHxpaZIQ==</latexit>

 
<latexit sha1_base64="YIDmI6V0i4ue0kQozxnWghL/Htk=">AAACEHicbZC7TsMwFIadcivlFmBksaiQGKBKmgroVsHCWCR6kZKoclyntepcZDtIVdSXgJeBCQEb4gV4G5w0A7T80+fz/z4653gxo0IaxrdWWlldW98ob1a2tnd29/T9g66IEo5JB0cs4n0PCcJoSDqSSkb6MSco8BjpeZObzO89EC5oFN7LaUzcAI1C6lOMpCoN9PPUyZvYfOS5qVFrZro4m4PVVGA0TMOyZk5b0NlAr6pCLrgMZgFVUKg90L+cYYSTgIQSMySEbRqxdFPEJcWMzCpOIkiM8ASNiK0wRAERbppPNIMnfsShHBOYv39nUxQIMQ08lQmQHItFLyv+59mJ9K/clIZxIkmIVUR5fsKgjGB2HTiknGDJpgoQ5lRNCfEYcYSlumFFrW8uLrsM3XrNtGr1u0a1dV0cogyOwDE4BSa4BC1wC9qgAzB4Ai/gHXxoj9qz9qq9zaMlrfhzCP5I+/wB1xaZLA==</latexit>

�
<latexit sha1_base64="lt2P/aaBiMZqKx2icqyAzYZkaUE=">AAACEnicbZC7TsMwFIadcivlFmBkiaiQGFBJmgroVsHCWCR6kZKoclwntepcZDtIVZS3gJeBCQFbX4C3wUkzQMs/fT7/76NzjhtTwoWufyuVtfWNza3qdm1nd2//QD086vMoYQj3UEQjNnQhx5SEuCeIoHgYMwwDl+KBO73L/cETZpxE4aOYxdgJoB8SjyAoZGmkXqZ20cRivuukeqOd6+piAWZbgt4ydNPMbE78AGYjtS5LhbRVMEqog1LdkTq3xxFKAhwKRCHnlqHHwkkhEwRRnNXshOMYoin0sSUxhAHmTlrMlGlnXsQ0McFa8f6dTWHA+SxwZSaAYsKXvbz4n2clwrtxUhLGicAhkhHpeQnVRKTl99HGhGEk6EwCRIzIKTU0gQwiIa9Yk+sby8uuQr/ZMMxG86FV79yWh6iCE3AKzoEBrkEH3IMu6AEEXsAb+ARfyrPyqrwrH4toRSn/HIM/UuY/kqSaJQ==</latexit> ⇢

<latexit sha1_base64="DCc5uCvxSRfiK8OR4Eaw0jhaM40=">AAACEHicbZC7TsMwFIadcivlFmBkiaiQGKBKmgroVsHCWCR6kZKoclynsepcZDtIVZSXgJeBCQEb4gV4G5w0A7T80+fz/z4657gxJVzo+rdSWVldW9+obta2tnd299T9gz6PEoZwD0U0YkMXckxJiHuCCIqHMcMwcCkeuNOb3B88YMZJFN6LWYydAE5C4hEEhSyN1PPULppYbOI6qd5o57o4m4PZlqC3DN00M5v5UTZS67JQSFsGo4Q6KNUdqV/2OEJJgEOBKOTcMvRYOClkgiCKs5qdcBxDNIUTbEkMYYC5kxYTZdqJFzFN+Fgr3r+zKQw4nwWuzARQ+HzRy4v/eVYivCsnJWGcCBwiGZGel1BNRFp+HW1MGEaCziRAxIicUkM+ZBAJecOaXN9YXHYZ+s2GYTaad61657o8RBUcgWNwCgxwCTrgFnRBDyDwBF7AO/hQHpVn5VV5m0crSvnnEPyR8vkDAsGZSQ==</latexit>

...
<latexit sha1_base64="Yn7W7gT+Hjq6pXSGFMXyBAVc23o=">AAACEnicbZC7TsMwFIadcivlFmBksaiQGFBJmgroVsHCWCR6kZKocly3tepcZDtIVZS3gJeBCQFbX4C3wUkzQMs/fT7/76NzjhcxKqRhfGultfWNza3ydmVnd2//QD886oow5ph0cMhC3veQIIwGpCOpZKQfcYJ8j5GeN73L/N4T4YKGwaOcRcT10TigI4qRVKWBfpk4eRObjz03MWrNTFcXC7CaCoyGaVhW6rBhKEU60KuqlAuugllAFRRqD/S5Mwxx7JNAYoaEsE0jkm6CuKSYkbTixIJECE/RmNgKA+QT4Sb5TCk8G4UcygmB+ft3NkG+EDPfUxkfyYlY9rLif54dy9GNm9AgiiUJsIoobxQzKEOY3QcOKSdYspkChDlVU0I8QRxhqa5YUeuby8uuQrdeM61a/aFRbd0WhyiDE3AKzoEJrkEL3IM26AAMXsAb+ARf2rP2qr1rH4toSSv+HIM/0uY/sfuaOg==</latexit>

. . .<latexit sha1_base64="Yn7W7gT+Hjq6pXSGFMXyBAVc23o=">AAACEnicbZC7TsMwFIadcivlFmBksaiQGFBJmgroVsHCWCR6kZKocly3tepcZDtIVZS3gJeBCQFbX4C3wUkzQMs/fT7/76NzjhcxKqRhfGultfWNza3ydmVnd2//QD886oow5ph0cMhC3veQIIwGpCOpZKQfcYJ8j5GeN73L/N4T4YKGwaOcRcT10TigI4qRVKWBfpk4eRObjz03MWrNTFcXC7CaCoyGaVhW6rBhKEU60KuqlAuugllAFRRqD/S5Mwxx7JNAYoaEsE0jkm6CuKSYkbTixIJECE/RmNgKA+QT4Sb5TCk8G4UcygmB+ft3NkG+EDPfUxkfyYlY9rLif54dy9GNm9AgiiUJsIoobxQzKEOY3QcOKSdYspkChDlVU0I8QRxhqa5YUeuby8uuQrdeM61a/aFRbd0WhyiDE3AKzoEJrkEL3IM26AAMXsAb+ARf2rP2qr1rH4toSSv+HIM/0uY/sfuaOg==</latexit>

. . .<latexit sha1_base64="Yn7W7gT+Hjq6pXSGFMXyBAVc23o=">AAACEnicbZC7TsMwFIadcivlFmBksaiQGFBJmgroVsHCWCR6kZKocly3tepcZDtIVZS3gJeBCQFbX4C3wUkzQMs/fT7/76NzjhcxKqRhfGultfWNza3ydmVnd2//QD886oow5ph0cMhC3veQIIwGpCOpZKQfcYJ8j5GeN73L/N4T4YKGwaOcRcT10TigI4qRVKWBfpk4eRObjz03MWrNTFcXC7CaCoyGaVhW6rBhKEU60KuqlAuugllAFRRqD/S5Mwxx7JNAYoaEsE0jkm6CuKSYkbTixIJECE/RmNgKA+QT4Sb5TCk8G4UcygmB+ft3NkG+EDPfUxkfyYlY9rLif54dy9GNm9AgiiUJsIoobxQzKEOY3QcOKSdYspkChDlVU0I8QRxhqa5YUeuby8uuQrdeM61a/aFRbd0WhyiDE3AKzoEJrkEL3IM26AAMXsAb+ARf2rP2qr1rH4toSSv+HIM/0uY/sfuaOg==</latexit>

Weak gravity Conjecture�
<latexit sha1_base64="QFDQyVwo2mPyExYHp9UkdWshS6M=">AAAB5XicdZDLSgMxFIbP1Futt6pLRYJFcFVmqth2V3TjsgV7gXYomTTTCc1cSDJCGbp0qStRd75GH8IX8Bl8CTNtBRX9V1/O/wfOf5yIM6lM893ILC2vrK5l13Mbm1vbO/ndvZYMY0Fok4Q8FB0HS8pZQJuKKU47kaDYdzhtO6Or1G/fUiFZGNyocURtHw8D5jKCVTrqRR7r5wtmsWqdVypVNIeL0gLKZWQVzZkKtcNp4+PuaFrv5996g5DEPg0U4VjKrmVGyk6wUIxwOsn1YkkjTEZ4SLsaA+xTaSezXSfoxA0FUh5Fs/f3bIJ9Kce+ozM+Vp787aXDv7xurNyKnbAgihUNiI5oz405UiFKK6MBE5QoPtaAiWB6S0Q8LDBR+jA5Xf+rI/ofWqWidVYsNfQdLmGuLBzAMZyCBWWowTXUoQkEPHiAZ3gxhsa98Wg8zaMZY/FnH37IeP0Eb3SP6A==</latexit>

(
)

<latexit sha1_base64="6i1hHPk53jlBszhmqLyvBHjknzY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJFXRZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfBsnMQtt/VffnP8fOP/xEsGVtu0vq7K2vrG5Vd2u7ezu7R/UD496Kk4lwy6LRSwHHlUoeIRdzbXAQSKRhp7Avje7zf3+I0rF4+hBzxN0QzqNuM8Z1floxH1/XG/YTbsQWQWnhAaU6ozrn6NJzNIQI80EVWro2Il2Myo1ZwIXtVGqMKFsRqc4NBjREJWbFbsuyJkfS6IDJMX7dzajoVLz0DOZkOpALXv58D9vmGr/2s14lKQaI2YixvNTQXRM8spkwiUyLeYGKJPcbElYQCVl2hymZuo7y2VXoddqOhfN1v1lo31THqIKJ3AK5+DAFbThDjrQBQYBPMMbvFtT68l6sV5/ohWr/HMMf2R9fAPw34vM</latexit>

K-K or Winding modes



The problem

If primordial gravitational waves are detected in the near future, then the inflaton necessarily 
had super-Planckian displacements  

��G < O(1)MPl
<latexit sha1_base64="LAOQBFK5iGsr5XXOu6twLd8kTuY="></latexit>

�� & O(1)MPl
<latexit sha1_base64="6x77e0u+FvtmQywKXUAeaJ+aI2Q=">AAACEXicbVDLTgJBEJzFF+IL9ehlIjHBC9lFEz0S9eDFiIk8EpaQ2aGBCbOPzPQayYav0J/Rk1Fv+gP+jbPIQcE6VXdVJ13lRVJotO0vK7OwuLS8kl3Nra1vbG7lt3fqOowVhxoPZaiaHtMgRQA1FCihGSlgvieh4Q3PU71xB0qLMLjFUQRtn/UD0ROcoVl18iX3AiQyNxoI6vbRGH3q+gwHnMnkelx0DulVx0W4x6Qqx7lOvmCX7AnoPHGmpECmqHbyn2435LEPAXLJtG45doTthCkUXMI458YaIsaHrA8tQwPmg24nk1xjetALFcUB0Mn825swX+uR7xlP+qye1dLlf1orxt5pOxFBFCME3FiM1oslxZCm9dCuUMBRjgxhXAnzJeUDphhHU2Ia35kNO0/q5ZJzVCrfHBcqZ9MismSP7JMiccgJqZBLUiU1wskjeSZv5N16sJ6sF+v1x5qxpje75A+sj2+l1pzP</latexit>

�i
<latexit sha1_base64="BMcJO/BczBgD0z8YzdcbKhAQ93w=">AAAB53icbZDNTsJAFIVv8Q/xD3XpZiIxcUVaNNEl0Y1LTARJoCHT4ZaOTDvNzNSENDyDroy68318Ad/GAbtQ8Ky+uedMcs8NUsG1cd0vp7Syura+Ud6sbG3v7O5V9w86WmaKYZtJIVU3oBoFT7BtuBHYTRXSOBB4H4yvZ/79IyrNZXJnJin6MR0lPOSMGjvq9NOID/igWnPr7lxkGbwCalCoNah+9oeSZTEmhgmqdc9zU+PnVBnOBE4r/UxjStmYjrBnMaExaj+fbzslJ6FUxERI5u/f2ZzGWk/iwGZiaiK96M2G/3m9zISXfs6TNDOYMBuxXpgJYiSZlSZDrpAZMbFAmeJ2S8Iiqigz9jQVW99bLLsMnUbdO6s3bs9rzaviEGU4gmM4BQ8uoAk30II2MHiAZ3iDd4c7T86L8/oTLTnFn0P4I+fjG3rIjLQ=</latexit>

�f
<latexit sha1_base64="pMaEhV3KosqOowsnsyM0Hg0lz/M=">AAAB53icbZDNTsJAFIVv8Q/xD3XpZiIxcUVaNNEl0Y1LTARJoCHT4ZaOTDvNzNSENDyDroy68318Ad/GAbtQ8Ky+uedMcs8NUsG1cd0vp7Syura+Ud6sbG3v7O5V9w86WmaKYZtJIVU3oBoFT7BtuBHYTRXSOBB4H4yvZ/79IyrNZXJnJin6MR0lPOSMGjvq9NOID8JBtebW3bnIMngF1KBQa1D97A8ly2JMDBNU657npsbPqTKcCZxW+pnGlLIxHWHPYkJj1H4+33ZKTkKpiImQzN+/szmNtZ7Egc3E1ER60ZsN//N6mQkv/ZwnaWYwYTZivTATxEgyK02GXCEzYmKBMsXtloRFVFFm7Gkqtr63WHYZOo26d1Zv3J7XmlfFIcpwBMdwCh5cQBNuoAVtYPAAz/AG7w53npwX5/UnWnKKP4fwR87HN3ZOjLE=</latexit>

��G = �f � �i
<latexit sha1_base64="NYr24Rn/filc2/2I6KsmVwKoUGo=">AAACBnicbVDLSsNAFJ34rPVVdekmWAQ3lqQKuhGKCrqsYB/QhDKZ3jRDJw9mbsQSutef0ZWoOz/AH/BvnMYutPVs5tx7zoU5x0sEV2hZX8bc/MLi0nJhpbi6tr6xWdrabqo4lQwaLBaxbHtUgeARNJCjgHYigYaegJY3uBjrrTuQisfRLQ4TcEPaj7jPGUW96pbKziUIpE4S8G7mINxjdjUaneWzf5g/XLusipXDnCX2hJTJBPVu6dPpxSwNIUImqFId20rQzahEzgSMik6qIKFsQPvQ0TSiISg3y8OMzH0/liYGYObzb29GQ6WGoac9IcVATWvj5X9aJ0X/1M14lKQIEdMWrfmpMDE2x52YPS6BoRhqQpnk+pcmC6ikDHVzRR3fng47S5rVin1Uqd4cl2vnkyIKZJfskQNikxNSI9ekThqEkUfyTN7Iu/FgPBkvxuuPdc6Y3OyQPzA+vgEPCZlt</latexit>

If one is interested in completing inflation in string theory, how can we overcome this issue?

Agrawal, Obied, Steinhardt & Vafa (2018) 
Obied, Ooguri, Spodyneiko & Vafa (2018)



Multi-Scalar Field Theories



Multi-scalar field theories

�⇤
ab(�) ⌘ �ab +

fabcd
2⇤2

��c��d + . . .
<latexit sha1_base64="AebPR2UgyAu9Ghvr+vNTsV/bAr4="></latexit><latexit sha1_base64="AebPR2UgyAu9Ghvr+vNTsV/bAr4="></latexit><latexit sha1_base64="AebPR2UgyAu9Ghvr+vNTsV/bAr4="></latexit><latexit sha1_base64="AebPR2UgyAu9Ghvr+vNTsV/bAr4="></latexit>
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b � V (�)
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<latexit sha1_base64="A6lCNIt7BQTYy6r6zDKY+cBY5xg=">AAACdnicbVHLjtMwFHXCayivAksksKhGdCRaJWWkYYM0gg0bpPJoZ6S6jRzXSayxnYx9g6ay8hX8Fj/An8AOp40EzHBX555zrOt7blpJYSGKfgThtes3bt7au927c/fe/Qf9h4/mtqwN4zNWytKcptRyKTSfgQDJTyvDqUolP0nP3rX6yVdurCj1F9hUfKlorkUmGAVPJf1vn/EbTIQGvF4dXpCXmNhzA26UN0TyDBYkM5S5D4 kjwC/ATWXTrCaNmzSfRjspbpt85Yiqia4bklOlaOJo2gxJVYgDUlEDgsqkNXhiRf8weseko3nnNSIvYJn0B9E42ha+CuIODFBX06T/naxLViuugUlq7SKOKli6dgyTvOmR2vKKsjOa84WHmipul24bXoP3s9JgKDje9n97HVXWblTqPYpCYS9rLfk/bVFD9nrphK5q4Jp5i9eyWmIocXsDvBaGM5AbDygzwv8Ss4L6NMFfqufXjy8vexXMJ+P41Xjy8XBw/LYLYg89Qc/REMXoCB2j92iKZoihX8GzYBgcBD/Dp+F++GJnDYPuzWP0T4XRb6KnwSY=</latexit>
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<latexit sha1_base64="mW0YQ8IPAyLmZ7PR1JZ/jQ4xmF0="></latexit>

Wilson coefficientsO(1)
<latexit sha1_base64="VFuGuSYkO5zlBVVZO1HTRUw3Lfc="></latexit>

EFT cut-off

+�S⇤
<latexit sha1_base64="gQvLsf0iCu30VPVkvxrF2MW2F/o="></latexit>

Effective field-space metric

Riemann Normal Coordinates

�⇤
ab(�) = �ab �

1

3
R⇤

acbd(�?)�
c�d + . . .

<latexit sha1_base64="qbtUo/KOnGMwawz2nWFO22Gd+zg="></latexit>



Multi-scalar field theories

Characteristic mass scale curvature R ⇠ R�2
0

<latexit sha1_base64="G6/br9jD3QBI/vRkslc00nwTabM=">AAAB+nicbVC7TsNAEFzzDOFloKCgOREh0RDZERKUETSUISIPKTbW+XJOTjk/dHdGiox/BioEdHwGP8DfcA4uIGGq2Z1ZaWf8hDOpLOvLWFpeWV1br2xUN7e2d3bNvf2ujFNBaIfEPBZ9H0vKWUQ7iilO+4mgOPQ57fmT60LvPVAhWRzdqWlC3RCPIhYwgpVeeeahE2I19v2snTuShajtWffZWSP3zJpVt2ZAi8QuSQ1KtDzz0xnGJA1ppAjHUg5sK1FuhoVihNO86qSSJphM8IgONI1wSKWbzQLk6CSIBVJjimbzb2+GQymnoa89xaNyXiuW/2mDVAWXbsaiJFU0ItqitSDlSMWo6AENmaBE8akmmAimv0RkjAUmSrdV1fHt+bCLpNuo21bdvj2vNa/KIipwBMdwCjZcQBNuoAUdIJDDM7zBu/FoPBkvxuuPdckobw7gD4yPb8Wik5U=</latexit><latexit sha1_base64="G6/br9jD3QBI/vRkslc00nwTabM=">AAAB+nicbVC7TsNAEFzzDOFloKCgOREh0RDZERKUETSUISIPKTbW+XJOTjk/dHdGiox/BioEdHwGP8DfcA4uIGGq2Z1ZaWf8hDOpLOvLWFpeWV1br2xUN7e2d3bNvf2ujFNBaIfEPBZ9H0vKWUQ7iilO+4mgOPQ57fmT60LvPVAhWRzdqWlC3RCPIhYwgpVeeeahE2I19v2snTuShajtWffZWSP3zJpVt2ZAi8QuSQ1KtDzz0xnGJA1ppAjHUg5sK1FuhoVihNO86qSSJphM8IgONI1wSKWbzQLk6CSIBVJjimbzb2+GQymnoa89xaNyXiuW/2mDVAWXbsaiJFU0ItqitSDlSMWo6AENmaBE8akmmAimv0RkjAUmSrdV1fHt+bCLpNuo21bdvj2vNa/KIipwBMdwCjZcQBNuoAUdIJDDM7zBu/FoPBkvxuuPdckobw7gD4yPb8Wik5U=</latexit><latexit sha1_base64="G6/br9jD3QBI/vRkslc00nwTabM=">AAAB+nicbVC7TsNAEFzzDOFloKCgOREh0RDZERKUETSUISIPKTbW+XJOTjk/dHdGiox/BioEdHwGP8DfcA4uIGGq2Z1ZaWf8hDOpLOvLWFpeWV1br2xUN7e2d3bNvf2ujFNBaIfEPBZ9H0vKWUQ7iilO+4mgOPQ57fmT60LvPVAhWRzdqWlC3RCPIhYwgpVeeeahE2I19v2snTuShajtWffZWSP3zJpVt2ZAi8QuSQ1KtDzz0xnGJA1ppAjHUg5sK1FuhoVihNO86qSSJphM8IgONI1wSKWbzQLk6CSIBVJjimbzb2+GQymnoa89xaNyXiuW/2mDVAWXbsaiJFU0ItqitSDlSMWo6AENmaBE8akmmAimv0RkjAUmSrdV1fHt+bCLpNuo21bdvj2vNa/KIipwBMdwCjZcQBNuoAUdIJDDM7zBu/FoPBkvxuuPdckobw7gD4yPb8Wik5U=</latexit><latexit sha1_base64="G6/br9jD3QBI/vRkslc00nwTabM=">AAAB+nicbVC7TsNAEFzzDOFloKCgOREh0RDZERKUETSUISIPKTbW+XJOTjk/dHdGiox/BioEdHwGP8DfcA4uIGGq2Z1ZaWf8hDOpLOvLWFpeWV1br2xUN7e2d3bNvf2ujFNBaIfEPBZ9H0vKWUQ7iilO+4mgOPQ57fmT60LvPVAhWRzdqWlC3RCPIhYwgpVeeeahE2I19v2snTuShajtWffZWSP3zJpVt2ZAi8QuSQ1KtDzz0xnGJA1ppAjHUg5sK1FuhoVihNO86qSSJphM8IgONI1wSKWbzQLk6CSIBVJjimbzb2+GQymnoa89xaNyXiuW/2mDVAWXbsaiJFU0ItqitSDlSMWo6AENmaBE8akmmAimv0RkjAUmSrdV1fHt+bCLpNuo21bdvj2vNa/KIipwBMdwCjZcQBNuoAUdIJDDM7zBu/FoPBkvxuuPdckobw7gD4yPb8Wik5U=</latexit>

R0
<latexit sha1_base64="O1a9Izh5qlmfbzDthelaFzmmzSo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuX+OCRACE9TQ106Hmku8aETPgDXRl15xf5A/6NDc5Cwbs6Xfd2Urf8RElDrvvlFFZW19Y3ipulre2d3b3y/kHTxKkW2BCxinXb5waVjLBBkhS2E4089BW2/PH1zG89ojYyjh5okmAv5MNIBlJwsqP7u77bL1fcqjsXWwYvhwrkqvfLn91BLNIQIxKKG9Px3IR6GdckhcJpqZsaTLgY8yF2LEY8RNPL5qtO2UkQa0YjZPP372zGQ2MmoW8zIaeRWfRmw/+8TkrBZS+TUZISRsJGrBekilHMZo3ZQGoUpCYWuNDSbsnEiGsuyN6lZOt7i2WXoXlW9dyqd3teqV3lhyjCERzDKXhwATW4gTo0QMAQnuEN3p3AeXJenNefaMHJ/xzCHzkf38K3iw4=</latexit><latexit sha1_base64="O1a9Izh5qlmfbzDthelaFzmmzSo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuX+OCRACE9TQ106Hmku8aETPgDXRl15xf5A/6NDc5Cwbs6Xfd2Urf8RElDrvvlFFZW19Y3ipulre2d3b3y/kHTxKkW2BCxinXb5waVjLBBkhS2E4089BW2/PH1zG89ojYyjh5okmAv5MNIBlJwsqP7u77bL1fcqjsXWwYvhwrkqvfLn91BLNIQIxKKG9Px3IR6GdckhcJpqZsaTLgY8yF2LEY8RNPL5qtO2UkQa0YjZPP372zGQ2MmoW8zIaeRWfRmw/+8TkrBZS+TUZISRsJGrBekilHMZo3ZQGoUpCYWuNDSbsnEiGsuyN6lZOt7i2WXoXlW9dyqd3teqV3lhyjCERzDKXhwATW4gTo0QMAQnuEN3p3AeXJenNefaMHJ/xzCHzkf38K3iw4=</latexit><latexit sha1_base64="O1a9Izh5qlmfbzDthelaFzmmzSo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuX+OCRACE9TQ106Hmku8aETPgDXRl15xf5A/6NDc5Cwbs6Xfd2Urf8RElDrvvlFFZW19Y3ipulre2d3b3y/kHTxKkW2BCxinXb5waVjLBBkhS2E4089BW2/PH1zG89ojYyjh5okmAv5MNIBlJwsqP7u77bL1fcqjsXWwYvhwrkqvfLn91BLNIQIxKKG9Px3IR6GdckhcJpqZsaTLgY8yF2LEY8RNPL5qtO2UkQa0YjZPP372zGQ2MmoW8zIaeRWfRmw/+8TkrBZS+TUZISRsJGrBekilHMZo3ZQGoUpCYWuNDSbsnEiGsuyN6lZOt7i2WXoXlW9dyqd3teqV3lhyjCERzDKXhwATW4gTo0QMAQnuEN3p3AeXJenNefaMHJ/xzCHzkf38K3iw4=</latexit><latexit sha1_base64="O1a9Izh5qlmfbzDthelaFzmmzSo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuX+OCRACE9TQ106Hmku8aETPgDXRl15xf5A/6NDc5Cwbs6Xfd2Urf8RElDrvvlFFZW19Y3ipulre2d3b3y/kHTxKkW2BCxinXb5waVjLBBkhS2E4089BW2/PH1zG89ojYyjh5okmAv5MNIBlJwsqP7u77bL1fcqjsXWwYvhwrkqvfLn91BLNIQIxKKG9Px3IR6GdckhcJpqZsaTLgY8yF2LEY8RNPL5qtO2UkQa0YjZPP372zGQ2MmoW8zIaeRWfRmw/+8TkrBZS+TUZISRsJGrBekilHMZo3ZQGoUpCYWuNDSbsnEiGsuyN6lZOt7i2WXoXlW9dyqd3teqV3lhyjCERzDKXhwATW4gTo0QMAQnuEN3p3AeXJenNefaMHJ/xzCHzkf38K3iw4=</latexit>

Riemann-symmetrized linear combination of    * f
<latexit sha1_base64="OdcgZqkFvmznZZXtydhZAO32kbc=">AAACDnicbZDJTsMwEIYd1lK2AEcuFhUSEqhKUrocK7hwLBJdpDSqHNdprTqLbAepivIO8DJwQsCNAy/A2+CEHKBlTt/M/9ua+d2IUSEN40tbWV1b39gsbZW3d3b39vWDw54IY45JF4cs5AMXCcJoQLqSSkYGESfIdxnpu7PrTO/fEy5oGNzJeUQcH00C6lGMpBqN9PNkmH9i84nrJEa1UavVrfqFUTWsRstoZdAwLKuZeikc6RXV5gWXwSygAorqjPTP4TjEsU8CiRkSwjaNSDoJ4pJiRtLyMBYkQniGJsRWGCCfCCfJ90nhqRdyKKcE5v1vb4J8Iea+qzw+klOxqGXD/zQ7ll7LSWgQxZIEWFmU5sUMyhBm2cAx5QRLNleAMKdqS4iniCMsVYJldb65eOwy9KyqWatat5eV9lURRAkcgxNwBkzQBG1wAzqgCzB4BM/gDbxrD9qT9qK9/lhXtOLNEfhT2sc3q4GX6Q==</latexit>

R⇤
abcd = Rabcd +

1

⇤2
gabcd(f) + . . .

<latexit sha1_base64="vY50IxaG2CKsoomFKAj0UAz0XQc="></latexit>

               : The theory is indistinguishable from a theory with flat geometry  

               : It is possible study genuine non-trivial effects from 

R0 > ⇤
<latexit sha1_base64="osDwzBG/4rDnO56AtrZiFl0XQTo=">AAAB7HicbZC9TsMwFIVv+C3lr8DIElEhMVVJQYIJVbAwMBREf6Q0qhz3prXq2JHtIFVV3wImBGw8DS/A2+CWDNBypuN7Pkv33CjlTBvP+3KWlldW19YLG8XNre2d3dLeflPLTFFsUMmlakdEI2cCG4YZju1UIUkijq1oeD3NW4+oNJPiwYxSDBPSFyxmlBg7Cu673mXn1uI90i2VvYo3k7to/NyUIVe9W/rs9CTNEhSGcqJ14HupCcdEGUY5ToqdTGNK6JD0MbBWkAR1OJ6tPHGPY6lcM0B39v7Njkmi9SiJLJMQM9Dz2XT4XxZkJr4Ix0ykmUFBLWKzOOOuke60udtjCqnhI2sIVcxu6dIBUYQae5+ire/Pl100zWrFP61U787Ktav8EAU4hCM4AR/OoQY3UIcGUJDwDG/w7gjnyXlxXn/QJSf/cwB/5Hx8Az7Cjj0=</latexit>

R0 < ⇤
<latexit sha1_base64="BOhIq/TZZ7G2ngb7Ry39Acc9t/I=">AAAB7HicbZC9TsMwFIVv+C3lr8DIElEhMVVJQYKBoYKFgaEg+iOlUeW4N61Vx45sB6mq+hYwIWDjaXgB3ga3ZICWMx3f81m650YpZ9p43peztLyyurZe2Chubm3v7Jb29ptaZopig0ouVTsiGjkT2DDMcGynCkkScWxFw+tp3npEpZkUD2aUYpiQvmAxo8TYUXDf9S47txbvkW6p7FW8mdxF4+emDLnq3dJnpydplqAwlBOtA99LTTgmyjDKcVLsZBpTQoekj4G1giSow/Fs5Yl7HEvlmgG6s/dvdkwSrUdJZJmEmIGez6bD/7IgM/FFOGYizQwKahGbxRl3jXSnzd0eU0gNH1lDqGJ2S5cOiCLU2PsUbX1/vuyiaVYr/mmlendWrl3lhyjAIRzBCfhwDjW4gTo0gIKEZ3iDd0c4T86L8/qDLjn5nwP4I+fjGzu4jjs=</latexit>

�ab = �ab
<latexit sha1_base64="6iqmG+PtQxpEVY3DxICBQFTZ90Q=">AAAB+nicbZDLSgMxFIYz9VbrbdSFCzfBIrgqM1XQjVB047KCvUBbypn0tA1NZoYkI5RxXkZXou58DF/AtzG9LLT1rL6c/w+c/w9iwbXxvG8nt7K6tr6R3yxsbe/s7rn7B3UdJYphjUUiUs0ANAoeYs1wI7AZKwQZCGwEo9uJ3nhEpXkUPphxjB0Jg5D3OQNjV133qD0AKaGbQpBdt3sozIy7btEredOhy+DPoUjmU+26X+1exBKJoWECtG75Xmw6KSjDmcCs0E40xsBGMMCWxRAk6k46DZDR036kqBkinb5/e1OQWo9lYD0SzFAvapPlf1orMf2rTsrDODEYMmuxWj8R1ER00gPtcYXMiLEFYIrbKykbggJmbFsFG99fDLsM9XLJPy+V7y+KlZt5EXlyTE7IGfHJJamQO1IlNcJIRl7IO/lwnpxn59V5m1lzzvzPIfkzzucP8c6UYA==</latexit>

�ab
<latexit sha1_base64="SoPQmGboR41RIplfZe4vJwnYsBY=">AAAB7HicbZDLSgMxFIYz9VbrrerSTbAIrspMFXRZdOOygr3AdChn0kwbmsuQZIQy9C10JerOp/EFfBvTOgtt/Vdfzv8Hzn/ilDNjff/LK62tb2xulbcrO7t7+wfVw6OOUZkmtE0UV7oXg6GcSdq2zHLaSzUFEXPajSe3c7/7SLVhSj7YaUojASPJEkbAulHYH4EQMMghng2qNb/uL4RXISighgq1BtXP/lCRTFBpCQdjwsBPbZSDtoxwOqv0M0NTIBMY0dChBEFNlC9WnuGzRGlsxxQv3r+zOQhjpiJ2GQF2bJa9+fA/L8xsch3lTKaZpZK4iPOSjGOr8Lw5HjJNieVTB0A0c1tiMgYNxLr7VFz9YLnsKnQa9eCi3ri/rDVvikOU0Qk6RecoQFeoie5QC7URQQo9ozf07knvyXvxXn+iJa/4c4z+yPv4Bl1Bjvo=</latexit>

For our purposes

⇤ = MPl
<latexit sha1_base64="GQemQHzwZAXGwTovlCQe5blnLtw=">AAAB+nicbVDLSgNBEJyNrxhfqx48eBkMgqewK4JehKAXDwoRzAOyIcxOepMhsw9mesWw7s/oSdSbn+EP+DdOYg6aWKfqrmroKj+RQqPjfFmFhcWl5ZXiamltfWNzy97eaeg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vBzrzXtQWsTRHY4S6ISsH4lAcIZm1bX3vGtj7jF6Tm+6mYfwgFlN5nnXLjsVZwI6T9wpKZMpal370+vFPA0hQi6Z1m3XSbCTMYWCS8hLXqohYXzI+tA2NGIh6E42CZDTwyBWFAdAJ/Nvb8ZCrUehbzwhw4Ge1cbL/7R2isFZJxNRkiJE3FiMFqSSYkzHPdCeUMBRjgxhXAnzJeUDphhH01bJxHdnw86TxnHFdSru7Um5ejEtokj2yQE5Ii45JVVyRWqkTjjJyTN5I+/Wo/VkvVivP9aCNb3ZJX9gfXwD8OiTuQ==</latexit><latexit sha1_base64="GQemQHzwZAXGwTovlCQe5blnLtw=">AAAB+nicbVDLSgNBEJyNrxhfqx48eBkMgqewK4JehKAXDwoRzAOyIcxOepMhsw9mesWw7s/oSdSbn+EP+DdOYg6aWKfqrmroKj+RQqPjfFmFhcWl5ZXiamltfWNzy97eaeg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vBzrzXtQWsTRHY4S6ISsH4lAcIZm1bX3vGtj7jF6Tm+6mYfwgFlN5nnXLjsVZwI6T9wpKZMpal370+vFPA0hQi6Z1m3XSbCTMYWCS8hLXqohYXzI+tA2NGIh6E42CZDTwyBWFAdAJ/Nvb8ZCrUehbzwhw4Ge1cbL/7R2isFZJxNRkiJE3FiMFqSSYkzHPdCeUMBRjgxhXAnzJeUDphhH01bJxHdnw86TxnHFdSru7Um5ejEtokj2yQE5Ii45JVVyRWqkTjjJyTN5I+/Wo/VkvVivP9aCNb3ZJX9gfXwD8OiTuQ==</latexit><latexit sha1_base64="GQemQHzwZAXGwTovlCQe5blnLtw=">AAAB+nicbVDLSgNBEJyNrxhfqx48eBkMgqewK4JehKAXDwoRzAOyIcxOepMhsw9mesWw7s/oSdSbn+EP+DdOYg6aWKfqrmroKj+RQqPjfFmFhcWl5ZXiamltfWNzy97eaeg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vBzrzXtQWsTRHY4S6ISsH4lAcIZm1bX3vGtj7jF6Tm+6mYfwgFlN5nnXLjsVZwI6T9wpKZMpal370+vFPA0hQi6Z1m3XSbCTMYWCS8hLXqohYXzI+tA2NGIh6E42CZDTwyBWFAdAJ/Nvb8ZCrUehbzwhw4Ge1cbL/7R2isFZJxNRkiJE3FiMFqSSYkzHPdCeUMBRjgxhXAnzJeUDphhH01bJxHdnw86TxnHFdSru7Um5ejEtokj2yQE5Ii45JVVyRWqkTjjJyTN5I+/Wo/VkvVivP9aCNb3ZJX9gfXwD8OiTuQ==</latexit><latexit sha1_base64="GQemQHzwZAXGwTovlCQe5blnLtw=">AAAB+nicbVDLSgNBEJyNrxhfqx48eBkMgqewK4JehKAXDwoRzAOyIcxOepMhsw9mesWw7s/oSdSbn+EP+DdOYg6aWKfqrmroKj+RQqPjfFmFhcWl5ZXiamltfWNzy97eaeg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vBzrzXtQWsTRHY4S6ISsH4lAcIZm1bX3vGtj7jF6Tm+6mYfwgFlN5nnXLjsVZwI6T9wpKZMpal370+vFPA0hQi6Z1m3XSbCTMYWCS8hLXqohYXzI+tA2NGIh6E42CZDTwyBWFAdAJ/Nvb8ZCrUehbzwhw4Ge1cbL/7R2isFZJxNRkiJE3FiMFqSSYkzHPdCeUMBRjgxhXAnzJeUDphhH01bJxHdnw86TxnHFdSru7Um5ejEtokj2yQE5Ii45JVVyRWqkTjjJyTN5I+/Wo/VkvVivP9aCNb3ZJX9gfXwD8OiTuQ==</latexit>

gabcd(f) =
1

2
(fadbc � fdbac � facbd + fcbad)

<latexit sha1_base64="qzr9C19KM56gD08cUmvnpV7DM+w=">AAACH3icbZBLSwMxFIUz9VXra9Slm8EitIhlpgi6UBDduFSwD2hLubmTaUMzD5KMUIb5MfpndCGi7vw3prULrd7Vd885gdxDE8GVdt1Pq7CwuLS8Ulwtra1vbG7Z2ztNFacSWQNjEcs2BcUEj1hDcy1YO5EMQipYi46uJn7rnknF4+hOjxPWC2EQ8YAjaCP17bNBPwOKfl4JqufdQAJmXp7VzWp0n2J+ZMCn8A2A1M8PDSAFP6/27bJbc6fj/AVvBmUym5u+/dL1Y0xDFmkUoFTHcxPdy0BqjoLlpW6qWAI4ggHrGIwgZKqXTa/MnYMglo4eMme6/8xmECo1DqnJhKCHat6biP95nVQHp72MR0mqWYQmYrwgFY6OnUlZjs8lQy3GBgAlN790cAimJG0qLZnzvflj/0KzXvPcmnd7XL64nBVRJHtkn1SIR07IBbkmN6RBkDySZ/JOPqwH68l6td6+owVr9maX/Brr8wtP6KMR</latexit><latexit sha1_base64="qzr9C19KM56gD08cUmvnpV7DM+w=">AAACH3icbZBLSwMxFIUz9VXra9Slm8EitIhlpgi6UBDduFSwD2hLubmTaUMzD5KMUIb5MfpndCGi7vw3prULrd7Vd885gdxDE8GVdt1Pq7CwuLS8Ulwtra1vbG7Z2ztNFacSWQNjEcs2BcUEj1hDcy1YO5EMQipYi46uJn7rnknF4+hOjxPWC2EQ8YAjaCP17bNBPwOKfl4JqufdQAJmXp7VzWp0n2J+ZMCn8A2A1M8PDSAFP6/27bJbc6fj/AVvBmUym5u+/dL1Y0xDFmkUoFTHcxPdy0BqjoLlpW6qWAI4ggHrGIwgZKqXTa/MnYMglo4eMme6/8xmECo1DqnJhKCHat6biP95nVQHp72MR0mqWYQmYrwgFY6OnUlZjs8lQy3GBgAlN790cAimJG0qLZnzvflj/0KzXvPcmnd7XL64nBVRJHtkn1SIR07IBbkmN6RBkDySZ/JOPqwH68l6td6+owVr9maX/Brr8wtP6KMR</latexit><latexit sha1_base64="qzr9C19KM56gD08cUmvnpV7DM+w=">AAACH3icbZBLSwMxFIUz9VXra9Slm8EitIhlpgi6UBDduFSwD2hLubmTaUMzD5KMUIb5MfpndCGi7vw3prULrd7Vd885gdxDE8GVdt1Pq7CwuLS8Ulwtra1vbG7Z2ztNFacSWQNjEcs2BcUEj1hDcy1YO5EMQipYi46uJn7rnknF4+hOjxPWC2EQ8YAjaCP17bNBPwOKfl4JqufdQAJmXp7VzWp0n2J+ZMCn8A2A1M8PDSAFP6/27bJbc6fj/AVvBmUym5u+/dL1Y0xDFmkUoFTHcxPdy0BqjoLlpW6qWAI4ggHrGIwgZKqXTa/MnYMglo4eMme6/8xmECo1DqnJhKCHat6biP95nVQHp72MR0mqWYQmYrwgFY6OnUlZjs8lQy3GBgAlN790cAimJG0qLZnzvflj/0KzXvPcmnd7XL64nBVRJHtkn1SIR07IBbkmN6RBkDySZ/JOPqwH68l6td6+owVr9maX/Brr8wtP6KMR</latexit><latexit sha1_base64="qzr9C19KM56gD08cUmvnpV7DM+w=">AAACH3icbZBLSwMxFIUz9VXra9Slm8EitIhlpgi6UBDduFSwD2hLubmTaUMzD5KMUIb5MfpndCGi7vw3prULrd7Vd885gdxDE8GVdt1Pq7CwuLS8Ulwtra1vbG7Z2ztNFacSWQNjEcs2BcUEj1hDcy1YO5EMQipYi46uJn7rnknF4+hOjxPWC2EQ8YAjaCP17bNBPwOKfl4JqufdQAJmXp7VzWp0n2J+ZMCn8A2A1M8PDSAFP6/27bJbc6fj/AVvBmUym5u+/dL1Y0xDFmkUoFTHcxPdy0BqjoLlpW6qWAI4ggHrGIwgZKqXTa/MnYMglo4eMme6/8xmECo1DqnJhKCHat6biP95nVQHp72MR0mqWYQmYrwgFY6OnUlZjs8lQy3GBgAlN790cAimJG0qLZnzvflj/0KzXvPcmnd7XL64nBVRJHtkn1SIR07IBbkmN6RBkDySZ/JOPqwH68l6td6+owVr9maX/Brr8wtP6KMR</latexit>

*

The Riemann tensor



Multi-scalar field theories

Dt�̇
a + 3H�̇

a + �
ab
Vb = 0

<latexit sha1_base64="tEFi/6AcsKmrCFAwf1ejMPj3CGI=">AAACGXicbVDLSgMxFM34rPVVdelmsAiCUGZU0I1Q1EWXFewD+hjupGkbmswMyR2hDP0NN/6KGxeKuNSVf2Om7cK2HgicnHPvTe7xI8E1Os6PtbS8srq2ntnIbm5t7+zm9varOowVZRUailDVfdBM8IBVkKNg9UgxkL5gNX9wm/q1R6Y0D4MHHEasJaEX8C6ngEbycs6dh81OiEkz6vNRG07PSzPXZg+khHYC/qjq+ddO1svlnYIzhr1I3CnJkynKXu7LDKSxZAFSAVo3XCfCVgIKORVslG3GmkVAB9BjDUMDkEy3kvFmI/vYKB27GypzArTH6t+OBKTWQ+mbSgnY1/NeKv7nNWLsXrUSHkQxsoBOHurGwsbQTmOyO1wximJoCFDFzV9t2gcFFE2YaQju/MqLpHpWcJ2Ce3+RL95M48iQQ3JETohLLkmRlEiZVAglT+SFvJF369l6tT6sz0npkjXtOSAzsL5/AUAAoGc=</latexit><latexit sha1_base64="tEFi/6AcsKmrCFAwf1ejMPj3CGI=">AAACGXicbVDLSgMxFM34rPVVdelmsAiCUGZU0I1Q1EWXFewD+hjupGkbmswMyR2hDP0NN/6KGxeKuNSVf2Om7cK2HgicnHPvTe7xI8E1Os6PtbS8srq2ntnIbm5t7+zm9varOowVZRUailDVfdBM8IBVkKNg9UgxkL5gNX9wm/q1R6Y0D4MHHEasJaEX8C6ngEbycs6dh81OiEkz6vNRG07PSzPXZg+khHYC/qjq+ddO1svlnYIzhr1I3CnJkynKXu7LDKSxZAFSAVo3XCfCVgIKORVslG3GmkVAB9BjDUMDkEy3kvFmI/vYKB27GypzArTH6t+OBKTWQ+mbSgnY1/NeKv7nNWLsXrUSHkQxsoBOHurGwsbQTmOyO1wximJoCFDFzV9t2gcFFE2YaQju/MqLpHpWcJ2Ce3+RL95M48iQQ3JETohLLkmRlEiZVAglT+SFvJF369l6tT6sz0npkjXtOSAzsL5/AUAAoGc=</latexit><latexit sha1_base64="tEFi/6AcsKmrCFAwf1ejMPj3CGI=">AAACGXicbVDLSgMxFM34rPVVdelmsAiCUGZU0I1Q1EWXFewD+hjupGkbmswMyR2hDP0NN/6KGxeKuNSVf2Om7cK2HgicnHPvTe7xI8E1Os6PtbS8srq2ntnIbm5t7+zm9varOowVZRUailDVfdBM8IBVkKNg9UgxkL5gNX9wm/q1R6Y0D4MHHEasJaEX8C6ngEbycs6dh81OiEkz6vNRG07PSzPXZg+khHYC/qjq+ddO1svlnYIzhr1I3CnJkynKXu7LDKSxZAFSAVo3XCfCVgIKORVslG3GmkVAB9BjDUMDkEy3kvFmI/vYKB27GypzArTH6t+OBKTWQ+mbSgnY1/NeKv7nNWLsXrUSHkQxsoBOHurGwsbQTmOyO1wximJoCFDFzV9t2gcFFE2YaQju/MqLpHpWcJ2Ce3+RL95M48iQQ3JETohLLkmRlEiZVAglT+SFvJF369l6tT6sz0npkjXtOSAzsL5/AUAAoGc=</latexit><latexit sha1_base64="tEFi/6AcsKmrCFAwf1ejMPj3CGI=">AAACGXicbVDLSgMxFM34rPVVdelmsAiCUGZU0I1Q1EWXFewD+hjupGkbmswMyR2hDP0NN/6KGxeKuNSVf2Om7cK2HgicnHPvTe7xI8E1Os6PtbS8srq2ntnIbm5t7+zm9varOowVZRUailDVfdBM8IBVkKNg9UgxkL5gNX9wm/q1R6Y0D4MHHEasJaEX8C6ngEbycs6dh81OiEkz6vNRG07PSzPXZg+khHYC/qjq+ddO1svlnYIzhr1I3CnJkynKXu7LDKSxZAFSAVo3XCfCVgIKORVslG3GmkVAB9BjDUMDkEy3kvFmI/vYKB27GypzArTH6t+OBKTWQ+mbSgnY1/NeKv7nNWLsXrUSHkQxsoBOHurGwsbQTmOyO1wximJoCFDFzV9t2gcFFE2YaQju/MqLpHpWcJ2Ce3+RL95M48iQQ3JETohLLkmRlEiZVAglT+SFvJF369l6tT6sz0npkjXtOSAzsL5/AUAAoGc=</latexit>

DtX
a = Ẋa + �a

bcX
b�̇c

<latexit sha1_base64="Bupky3r/7JGJG5V0YXrt49sSKho=">AAACFnicbVDLSsNAFJ34rPVVdekmWARBLIkIuhGKCrqsYNtA24Sb6dQOnUnCzI1QQr7Cjb/ixoUibsWdf+P0sfB1YOBwzj3cuSdMBNfoOJ/WzOzc/MJiYam4vLK6tl7a2GzoOFWU1WksYuWFoJngEasjR8G8RDGQoWDNcHA+8pt3TGkeRzc4TFhHwm3Ee5wCGikoHVwE6Plw2u7GmHm5D/vtS5ASfAiykOaeH46ddtLnuU+DUtmpOGPYf4k7JWUyRS0ofZg4TSWLkArQuuU6CXYyUMipYHmxnWqWAB3ALWsZGoFkupONz8rtXaN07V6szIvQHqvfExlIrYcyNJMSsK9/eyPxP6+VYu+kk/EoSZFFdLKolwobY3vUkd3lilEUQ0OAKm7+atM+KKBomiyaEtzfJ/8ljcOK61Tc66Ny9WxaR4Fskx2yR1xyTKrkitRInVByTx7JM3mxHqwn69V6m4zOWNPMFvkB6/0L87Of4A==</latexit><latexit sha1_base64="Bupky3r/7JGJG5V0YXrt49sSKho=">AAACFnicbVDLSsNAFJ34rPVVdekmWARBLIkIuhGKCrqsYNtA24Sb6dQOnUnCzI1QQr7Cjb/ixoUibsWdf+P0sfB1YOBwzj3cuSdMBNfoOJ/WzOzc/MJiYam4vLK6tl7a2GzoOFWU1WksYuWFoJngEasjR8G8RDGQoWDNcHA+8pt3TGkeRzc4TFhHwm3Ee5wCGikoHVwE6Plw2u7GmHm5D/vtS5ASfAiykOaeH46ddtLnuU+DUtmpOGPYf4k7JWUyRS0ofZg4TSWLkArQuuU6CXYyUMipYHmxnWqWAB3ALWsZGoFkupONz8rtXaN07V6szIvQHqvfExlIrYcyNJMSsK9/eyPxP6+VYu+kk/EoSZFFdLKolwobY3vUkd3lilEUQ0OAKm7+atM+KKBomiyaEtzfJ/8ljcOK61Tc66Ny9WxaR4Fskx2yR1xyTKrkitRInVByTx7JM3mxHqwn69V6m4zOWNPMFvkB6/0L87Of4A==</latexit><latexit sha1_base64="Bupky3r/7JGJG5V0YXrt49sSKho=">AAACFnicbVDLSsNAFJ34rPVVdekmWARBLIkIuhGKCrqsYNtA24Sb6dQOnUnCzI1QQr7Cjb/ixoUibsWdf+P0sfB1YOBwzj3cuSdMBNfoOJ/WzOzc/MJiYam4vLK6tl7a2GzoOFWU1WksYuWFoJngEasjR8G8RDGQoWDNcHA+8pt3TGkeRzc4TFhHwm3Ee5wCGikoHVwE6Plw2u7GmHm5D/vtS5ASfAiykOaeH46ddtLnuU+DUtmpOGPYf4k7JWUyRS0ofZg4TSWLkArQuuU6CXYyUMipYHmxnWqWAB3ALWsZGoFkupONz8rtXaN07V6szIvQHqvfExlIrYcyNJMSsK9/eyPxP6+VYu+kk/EoSZFFdLKolwobY3vUkd3lilEUQ0OAKm7+atM+KKBomiyaEtzfJ/8ljcOK61Tc66Ny9WxaR4Fskx2yR1xyTKrkitRInVByTx7JM3mxHqwn69V6m4zOWNPMFvkB6/0L87Of4A==</latexit><latexit sha1_base64="Bupky3r/7JGJG5V0YXrt49sSKho=">AAACFnicbVDLSsNAFJ34rPVVdekmWARBLIkIuhGKCrqsYNtA24Sb6dQOnUnCzI1QQr7Cjb/ixoUibsWdf+P0sfB1YOBwzj3cuSdMBNfoOJ/WzOzc/MJiYam4vLK6tl7a2GzoOFWU1WksYuWFoJngEasjR8G8RDGQoWDNcHA+8pt3TGkeRzc4TFhHwm3Ee5wCGikoHVwE6Plw2u7GmHm5D/vtS5ASfAiykOaeH46ddtLnuU+DUtmpOGPYf4k7JWUyRS0ofZg4TSWLkArQuuU6CXYyUMipYHmxnWqWAB3ALWsZGoFkupONz8rtXaN07V6szIvQHqvfExlIrYcyNJMSsK9/eyPxP6+VYu+kk/EoSZFFdLKolwobY3vUkd3lilEUQ0OAKm7+atM+KKBomiyaEtzfJ/8ljcOK61Tc66Ny9WxaR4Fskx2yR1xyTKrkitRInVByTx7JM3mxHqwn69V6m4zOWNPMFvkB6/0L87Of4A==</latexit>

The Hamilton-Jacobi (or fake SUGRA) potential

V (�) = 3W 2(�)� 2�abWa(�)Wb(�)
<latexit sha1_base64="UYpP/BbVUOxAVk1f70uqi4p+z2U=">AAACGnicbZDNSsNAFIUn/tb6F3XpJliEurAkVdCNUHTjsoJtCk0bbqbTduhMEmYmQgl9Dje+ihsXirgTN76N0yYLbT0w8HHuvdy5J4gZlcq2v42l5ZXVtfXCRnFza3tn19zbb8ooEZg0cMQi0QpAEkZD0lBUMdKKBQEeMOIGo5tp3X0gQtIovFfjmHQ4DELapxiUtnzTaZa9eEhPrs7cbjXD06o3AM6hm0IwcX3IXNcPMvDNkl2xZ7IWwcmhhHLVffPT60U44SRUmIGUbceOVScFoShmZFL0EkliwCMYkLbGEDiRnXR22sQ61k7P6kdCv1BZM/f3RApcyjEPdCcHNZTztan5X62dqP5lJ6VhnCgS4mxRP2GWiqxpTlaPCoIVG2sALKj+q4WHIAArnWZRh+DMn7wIzWrFsSvO3Xmpdp3HUUCH6AiVkYMuUA3dojpqIIwe0TN6RW/Gk/FivBsfWeuSkc8coD8yvn4AA4+fAA==</latexit><latexit sha1_base64="UYpP/BbVUOxAVk1f70uqi4p+z2U=">AAACGnicbZDNSsNAFIUn/tb6F3XpJliEurAkVdCNUHTjsoJtCk0bbqbTduhMEmYmQgl9Dje+ihsXirgTN76N0yYLbT0w8HHuvdy5J4gZlcq2v42l5ZXVtfXCRnFza3tn19zbb8ooEZg0cMQi0QpAEkZD0lBUMdKKBQEeMOIGo5tp3X0gQtIovFfjmHQ4DELapxiUtnzTaZa9eEhPrs7cbjXD06o3AM6hm0IwcX3IXNcPMvDNkl2xZ7IWwcmhhHLVffPT60U44SRUmIGUbceOVScFoShmZFL0EkliwCMYkLbGEDiRnXR22sQ61k7P6kdCv1BZM/f3RApcyjEPdCcHNZTztan5X62dqP5lJ6VhnCgS4mxRP2GWiqxpTlaPCoIVG2sALKj+q4WHIAArnWZRh+DMn7wIzWrFsSvO3Xmpdp3HUUCH6AiVkYMuUA3dojpqIIwe0TN6RW/Gk/FivBsfWeuSkc8coD8yvn4AA4+fAA==</latexit><latexit sha1_base64="UYpP/BbVUOxAVk1f70uqi4p+z2U=">AAACGnicbZDNSsNAFIUn/tb6F3XpJliEurAkVdCNUHTjsoJtCk0bbqbTduhMEmYmQgl9Dje+ihsXirgTN76N0yYLbT0w8HHuvdy5J4gZlcq2v42l5ZXVtfXCRnFza3tn19zbb8ooEZg0cMQi0QpAEkZD0lBUMdKKBQEeMOIGo5tp3X0gQtIovFfjmHQ4DELapxiUtnzTaZa9eEhPrs7cbjXD06o3AM6hm0IwcX3IXNcPMvDNkl2xZ7IWwcmhhHLVffPT60U44SRUmIGUbceOVScFoShmZFL0EkliwCMYkLbGEDiRnXR22sQ61k7P6kdCv1BZM/f3RApcyjEPdCcHNZTztan5X62dqP5lJ6VhnCgS4mxRP2GWiqxpTlaPCoIVG2sALKj+q4WHIAArnWZRh+DMn7wIzWrFsSvO3Xmpdp3HUUCH6AiVkYMuUA3dojpqIIwe0TN6RW/Gk/FivBsfWeuSkc8coD8yvn4AA4+fAA==</latexit><latexit sha1_base64="UYpP/BbVUOxAVk1f70uqi4p+z2U=">AAACGnicbZDNSsNAFIUn/tb6F3XpJliEurAkVdCNUHTjsoJtCk0bbqbTduhMEmYmQgl9Dje+ihsXirgTN76N0yYLbT0w8HHuvdy5J4gZlcq2v42l5ZXVtfXCRnFza3tn19zbb8ooEZg0cMQi0QpAEkZD0lBUMdKKBQEeMOIGo5tp3X0gQtIovFfjmHQ4DELapxiUtnzTaZa9eEhPrs7cbjXD06o3AM6hm0IwcX3IXNcPMvDNkl2xZ7IWwcmhhHLVffPT60U44SRUmIGUbceOVScFoShmZFL0EkliwCMYkLbGEDiRnXR22sQ61k7P6kdCv1BZM/f3RApcyjEPdCcHNZTztan5X62dqP5lJ6VhnCgS4mxRP2GWiqxpTlaPCoIVG2sALKj+q4WHIAArnWZRh+DMn7wIzWrFsSvO3Xmpdp3HUUCH6AiVkYMuUA3dojpqIIwe0TN6RW/Gk/FivBsfWeuSkc8coD8yvn4AA4+fAA==</latexit>

The system admits exact non-geodesic solutions

�̇a = �2�abWb(�)
<latexit sha1_base64="2BvY9pHksRYzVNTfn7OXoc172xY=">AAACDHicbVDLSsNAFJ3UV62vqks3wSLUhSUpgm6EohuXFewDmrTcTCft0JkkzEyEEvIBbvwVNy4UcesHuPNvnLRZaOuBgcM5587MPV7EqFSW9W0UVlbX1jeKm6Wt7Z3dvfL+QVuGscCkhUMWiq4HkjAakJaiipFuJAhwj5GON7nJ/M4DEZKGwb2aRsTlMAqoTzEoLQ3KFWcYqsSJxjTtw9VZ3RkB59BPwEs7A6+aGac6ZdWsGcxlYuekgnI0B+UvfSuOOQkUZiBlz7Yi5SYgFMWMpCUnliQCPIER6WkaACfSTWbLpOaJVoamHwp9AmXO1N8TCXApp9zTSQ5qLBe9TPzP68XKv3QTGkSxIgGeP+THzFShmTVjDqkgWLGpJoAF1X818RgEYKX7K+kS7MWVl0m7XrOtmn13Xmlc53UU0RE6RlVkowvUQLeoiVoIo0f0jF7Rm/FkvBjvxsc8WjDymUP0B8bnD0kRmxo=</latexit><latexit sha1_base64="2BvY9pHksRYzVNTfn7OXoc172xY=">AAACDHicbVDLSsNAFJ3UV62vqks3wSLUhSUpgm6EohuXFewDmrTcTCft0JkkzEyEEvIBbvwVNy4UcesHuPNvnLRZaOuBgcM5587MPV7EqFSW9W0UVlbX1jeKm6Wt7Z3dvfL+QVuGscCkhUMWiq4HkjAakJaiipFuJAhwj5GON7nJ/M4DEZKGwb2aRsTlMAqoTzEoLQ3KFWcYqsSJxjTtw9VZ3RkB59BPwEs7A6+aGac6ZdWsGcxlYuekgnI0B+UvfSuOOQkUZiBlz7Yi5SYgFMWMpCUnliQCPIER6WkaACfSTWbLpOaJVoamHwp9AmXO1N8TCXApp9zTSQ5qLBe9TPzP68XKv3QTGkSxIgGeP+THzFShmTVjDqkgWLGpJoAF1X818RgEYKX7K+kS7MWVl0m7XrOtmn13Xmlc53UU0RE6RlVkowvUQLeoiVoIo0f0jF7Rm/FkvBjvxsc8WjDymUP0B8bnD0kRmxo=</latexit><latexit sha1_base64="2BvY9pHksRYzVNTfn7OXoc172xY=">AAACDHicbVDLSsNAFJ3UV62vqks3wSLUhSUpgm6EohuXFewDmrTcTCft0JkkzEyEEvIBbvwVNy4UcesHuPNvnLRZaOuBgcM5587MPV7EqFSW9W0UVlbX1jeKm6Wt7Z3dvfL+QVuGscCkhUMWiq4HkjAakJaiipFuJAhwj5GON7nJ/M4DEZKGwb2aRsTlMAqoTzEoLQ3KFWcYqsSJxjTtw9VZ3RkB59BPwEs7A6+aGac6ZdWsGcxlYuekgnI0B+UvfSuOOQkUZiBlz7Yi5SYgFMWMpCUnliQCPIER6WkaACfSTWbLpOaJVoamHwp9AmXO1N8TCXApp9zTSQ5qLBe9TPzP68XKv3QTGkSxIgGeP+THzFShmTVjDqkgWLGpJoAF1X818RgEYKX7K+kS7MWVl0m7XrOtmn13Xmlc53UU0RE6RlVkowvUQLeoiVoIo0f0jF7Rm/FkvBjvxsc8WjDymUP0B8bnD0kRmxo=</latexit><latexit sha1_base64="2BvY9pHksRYzVNTfn7OXoc172xY=">AAACDHicbVDLSsNAFJ3UV62vqks3wSLUhSUpgm6EohuXFewDmrTcTCft0JkkzEyEEvIBbvwVNy4UcesHuPNvnLRZaOuBgcM5587MPV7EqFSW9W0UVlbX1jeKm6Wt7Z3dvfL+QVuGscCkhUMWiq4HkjAakJaiipFuJAhwj5GON7nJ/M4DEZKGwb2aRsTlMAqoTzEoLQ3KFWcYqsSJxjTtw9VZ3RkB59BPwEs7A6+aGac6ZdWsGcxlYuekgnI0B+UvfSuOOQkUZiBlz7Yi5SYgFMWMpCUnliQCPIER6WkaACfSTWbLpOaJVoamHwp9AmXO1N8TCXApp9zTSQ5qLBe9TPzP68XKv3QTGkSxIgGeP+THzFShmTVjDqkgWLGpJoAF1X818RgEYKX7K+kS7MWVl0m7XrOtmn13Xmlc53UU0RE6RlVkowvUQLeoiVoIo0f0jF7Rm/FkvBjvxsc8WjDymUP0B8bnD0kRmxo=</latexit>

H = W
<latexit sha1_base64="ap3kPe0f8hnb0BS3ZMnFJDMvauA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9NJjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBorPdRv2v1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5XabR5HEU7gFM7BgyuoQR0a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Ib410</latexit><latexit sha1_base64="ap3kPe0f8hnb0BS3ZMnFJDMvauA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9NJjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBorPdRv2v1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5XabR5HEU7gFM7BgyuoQR0a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Ib410</latexit><latexit sha1_base64="ap3kPe0f8hnb0BS3ZMnFJDMvauA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9NJjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBorPdRv2v1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5XabR5HEU7gFM7BgyuoQR0a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Ib410</latexit><latexit sha1_base64="ap3kPe0f8hnb0BS3ZMnFJDMvauA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9NJjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBorPdRv2v1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5XabR5HEU7gFM7BgyuoQR0a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Ib410</latexit>



Inflation in a Hyperbolic field-space

L = �1

2

(@�)2 + �2(@✓)2
⇣
1� �2

6↵

⌘2 � V (�)

<latexit sha1_base64="lB+mQ6DpapJvc3Sf6r5lB9y2KIs="></latexit><latexit sha1_base64="lB+mQ6DpapJvc3Sf6r5lB9y2KIs="></latexit><latexit sha1_base64="lB+mQ6DpapJvc3Sf6r5lB9y2KIs="></latexit><latexit sha1_base64="lB+mQ6DpapJvc3Sf6r5lB9y2KIs="></latexit>

Kallosh & Linde (2015) 
Achúcarro, Kallosh, Linde, 

Wang & Welling (2017)

R = � 8

3↵
<latexit sha1_base64="WiOiSwRyhDM598x4Z1dORInUs2M=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwY0lUsBuh6MZlFfuAJpTJdNIOnTyYmQglZOnGX3HjQhG3foI7/8ZJm4W2HrhwOOde7r3HizmTyrK+jYXFpeWV1dJaeX1jc2vb3NltySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3us799gMVkkXhvRrH1A3wIGQ+I1hpqWceOAFWQ89L7zJ0iU4cX2CS1rL0zME8HuKsZ1asqjUBmid2QSpQoNEzv5x+RJKAhopwLGXXtmLlplgoRjjNyk4iaYzJCA9oV9MQB1S66eSRDB1ppY/8SOgKFZqovydSHEg5DjzdmZ8tZ71c/M/rJsqvuSkL40TRkEwX+QlHKkJ5KqjPBCWKjzXBRDB9KyJDrLNQOruyDsGefXmetE6rtlW1b88r9asijhLswyEcgw0XUIcbaEATCDzCM7zCm/FkvBjvxse0dcEoZvbgD4zPHwSKmVQ=</latexit><latexit sha1_base64="WiOiSwRyhDM598x4Z1dORInUs2M=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwY0lUsBuh6MZlFfuAJpTJdNIOnTyYmQglZOnGX3HjQhG3foI7/8ZJm4W2HrhwOOde7r3HizmTyrK+jYXFpeWV1dJaeX1jc2vb3NltySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3us799gMVkkXhvRrH1A3wIGQ+I1hpqWceOAFWQ89L7zJ0iU4cX2CS1rL0zME8HuKsZ1asqjUBmid2QSpQoNEzv5x+RJKAhopwLGXXtmLlplgoRjjNyk4iaYzJCA9oV9MQB1S66eSRDB1ppY/8SOgKFZqovydSHEg5DjzdmZ8tZ71c/M/rJsqvuSkL40TRkEwX+QlHKkJ5KqjPBCWKjzXBRDB9KyJDrLNQOruyDsGefXmetE6rtlW1b88r9asijhLswyEcgw0XUIcbaEATCDzCM7zCm/FkvBjvxse0dcEoZvbgD4zPHwSKmVQ=</latexit><latexit sha1_base64="WiOiSwRyhDM598x4Z1dORInUs2M=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwY0lUsBuh6MZlFfuAJpTJdNIOnTyYmQglZOnGX3HjQhG3foI7/8ZJm4W2HrhwOOde7r3HizmTyrK+jYXFpeWV1dJaeX1jc2vb3NltySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3us799gMVkkXhvRrH1A3wIGQ+I1hpqWceOAFWQ89L7zJ0iU4cX2CS1rL0zME8HuKsZ1asqjUBmid2QSpQoNEzv5x+RJKAhopwLGXXtmLlplgoRjjNyk4iaYzJCA9oV9MQB1S66eSRDB1ppY/8SOgKFZqovydSHEg5DjzdmZ8tZ71c/M/rJsqvuSkL40TRkEwX+QlHKkJ5KqjPBCWKjzXBRDB9KyJDrLNQOruyDsGefXmetE6rtlW1b88r9asijhLswyEcgw0XUIcbaEATCDzCM7zCm/FkvBjvxse0dcEoZvbgD4zPHwSKmVQ=</latexit><latexit sha1_base64="WiOiSwRyhDM598x4Z1dORInUs2M=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwY0lUsBuh6MZlFfuAJpTJdNIOnTyYmQglZOnGX3HjQhG3foI7/8ZJm4W2HrhwOOde7r3HizmTyrK+jYXFpeWV1dJaeX1jc2vb3NltySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3us799gMVkkXhvRrH1A3wIGQ+I1hpqWceOAFWQ89L7zJ0iU4cX2CS1rL0zME8HuKsZ1asqjUBmid2QSpQoNEzv5x+RJKAhopwLGXXtmLlplgoRjjNyk4iaYzJCA9oV9MQB1S66eSRDB1ppY/8SOgKFZqovydSHEg5DjzdmZ8tZ71c/M/rJsqvuSkL40TRkEwX+QlHKkJ5KqjPBCWKjzXBRDB9KyJDrLNQOruyDsGefXmetE6rtlW1b88r9asijhLswyEcgw0XUIcbaEATCDzCM7zCm/FkvBjvxse0dcEoZvbgD4zPHwSKmVQ=</latexit>

The scalar curvature of the field-space

M.C. Escher - Heaven and Hell

The geodesics are given by �̈a + �a
bc�̇

a�̇b = 0
<latexit sha1_base64="F/neV/qkrkKi3WMQPsuiwEpJGi0=">AAACHnicbZDLSsNAFIYn9VbrLerSTbAIglASUXQjFF3osoK9QJOGk+m0HTqThJmJUEKexI2v4saFIoIrfRunbRa19cDAx/+fMzPnD2JGpbLtH6OwtLyyulZcL21sbm3vmLt7DRklApM6jlgkWgFIwmhI6ooqRlqxIMADRprB8GbsNx+JkDQKH9QoJh6Hfkh7FIPSkm+eu91upFI3HtCsAyfuLXAOHfDTAGfujDPDwZXtm2W7Yk/KWgQnhzLKq+abX/oCnHASKsxAyrZjx8pLQSiKGclKbiJJDHgIfdLWGAIn0ksn62XWkVa6Vi8S+oTKmqizEylwKUc80J0c1EDOe2PxP6+dqN6ll9IwThQJ8fShXsIsFVnjrKwuFQQrNtIAWFD9VwsPQABWOtGSDsGZX3kRGqcVx64492fl6nUeRxEdoEN0jBx0garoDtVQHWH0hF7QG3o3no1X48P4nLYWjHxmH/0p4/sXKpOjuQ==</latexit><latexit sha1_base64="F/neV/qkrkKi3WMQPsuiwEpJGi0=">AAACHnicbZDLSsNAFIYn9VbrLerSTbAIglASUXQjFF3osoK9QJOGk+m0HTqThJmJUEKexI2v4saFIoIrfRunbRa19cDAx/+fMzPnD2JGpbLtH6OwtLyyulZcL21sbm3vmLt7DRklApM6jlgkWgFIwmhI6ooqRlqxIMADRprB8GbsNx+JkDQKH9QoJh6Hfkh7FIPSkm+eu91upFI3HtCsAyfuLXAOHfDTAGfujDPDwZXtm2W7Yk/KWgQnhzLKq+abX/oCnHASKsxAyrZjx8pLQSiKGclKbiJJDHgIfdLWGAIn0ksn62XWkVa6Vi8S+oTKmqizEylwKUc80J0c1EDOe2PxP6+dqN6ll9IwThQJ8fShXsIsFVnjrKwuFQQrNtIAWFD9VwsPQABWOtGSDsGZX3kRGqcVx64492fl6nUeRxEdoEN0jBx0garoDtVQHWH0hF7QG3o3no1X48P4nLYWjHxmH/0p4/sXKpOjuQ==</latexit><latexit sha1_base64="F/neV/qkrkKi3WMQPsuiwEpJGi0=">AAACHnicbZDLSsNAFIYn9VbrLerSTbAIglASUXQjFF3osoK9QJOGk+m0HTqThJmJUEKexI2v4saFIoIrfRunbRa19cDAx/+fMzPnD2JGpbLtH6OwtLyyulZcL21sbm3vmLt7DRklApM6jlgkWgFIwmhI6ooqRlqxIMADRprB8GbsNx+JkDQKH9QoJh6Hfkh7FIPSkm+eu91upFI3HtCsAyfuLXAOHfDTAGfujDPDwZXtm2W7Yk/KWgQnhzLKq+abX/oCnHASKsxAyrZjx8pLQSiKGclKbiJJDHgIfdLWGAIn0ksn62XWkVa6Vi8S+oTKmqizEylwKUc80J0c1EDOe2PxP6+dqN6ll9IwThQJ8fShXsIsFVnjrKwuFQQrNtIAWFD9VwsPQABWOtGSDsGZX3kRGqcVx64492fl6nUeRxEdoEN0jBx0garoDtVQHWH0hF7QG3o3no1X48P4nLYWjHxmH/0p4/sXKpOjuQ==</latexit><latexit sha1_base64="F/neV/qkrkKi3WMQPsuiwEpJGi0=">AAACHnicbZDLSsNAFIYn9VbrLerSTbAIglASUXQjFF3osoK9QJOGk+m0HTqThJmJUEKexI2v4saFIoIrfRunbRa19cDAx/+fMzPnD2JGpbLtH6OwtLyyulZcL21sbm3vmLt7DRklApM6jlgkWgFIwmhI6ooqRlqxIMADRprB8GbsNx+JkDQKH9QoJh6Hfkh7FIPSkm+eu91upFI3HtCsAyfuLXAOHfDTAGfujDPDwZXtm2W7Yk/KWgQnhzLKq+abX/oCnHASKsxAyrZjx8pLQSiKGclKbiJJDHgIfdLWGAIn0ksn62XWkVa6Vi8S+oTKmqizEylwKUc80J0c1EDOe2PxP6+dqN6ll9IwThQJ8fShXsIsFVnjrKwuFQQrNtIAWFD9VwsPQABWOtGSDsGZX3kRGqcVx64492fl6nUeRxEdoEN0jBx0garoDtVQHWH0hF7QG3o3no1X48P4nLYWjHxmH/0p4/sXKpOjuQ==</latexit>

Since we have a metric in field-space, it is possible to compute the proper field  distance

�� =

Z
dt
q

�ab�̇a�̇b

<latexit sha1_base64="OOyqls+gAaA2o+kRng+cohLaun0=">AAACJnicbVDLSgNBEJz1GeNr1aOXwSB4Crsi6CUQ1IPHCCYK2Rh6J5NkyMzuOtMrhGW/xou/4sVDRMSbn+LkcYiPgoGa6i66u8JECoOe9+ksLC4tr6wW1orrG5tb2+7ObsPEqWa8zmIZ67sQDJci4nUUKPldojmoUPLbcHAxrt8+cm1EHN3gMOEtBb1IdAUDtFLbrQSXXCIESV9UAhEh7SANzIPGLOiBUtDOIMyDTmz/tiW/hzke5m235JW9Cehf4s9IicxQa7sj62ep4hEyCcY0fS/BVgYaBZM8Lwap4QmwAfR409IIFDetbHJmTg+t0qHdWNtnN52o844MlDFDFdpOBdg3v2tj8b9aM8XuWSsTUZIij9h0UDeVFGM6zox2hOYM5dASYFrYXSnrgwaGNtmiDcH/ffJf0jgu+17Zvz4pVc9ncRTIPjkgR8Qnp6RKrkiN1AkjT+SFjMib8+y8Ou/Ox7R1wZl59sgPOF/fJDancg==</latexit><latexit sha1_base64="OOyqls+gAaA2o+kRng+cohLaun0=">AAACJnicbVDLSgNBEJz1GeNr1aOXwSB4Crsi6CUQ1IPHCCYK2Rh6J5NkyMzuOtMrhGW/xou/4sVDRMSbn+LkcYiPgoGa6i66u8JECoOe9+ksLC4tr6wW1orrG5tb2+7ObsPEqWa8zmIZ67sQDJci4nUUKPldojmoUPLbcHAxrt8+cm1EHN3gMOEtBb1IdAUDtFLbrQSXXCIESV9UAhEh7SANzIPGLOiBUtDOIMyDTmz/tiW/hzke5m235JW9Cehf4s9IicxQa7sj62ep4hEyCcY0fS/BVgYaBZM8Lwap4QmwAfR409IIFDetbHJmTg+t0qHdWNtnN52o844MlDFDFdpOBdg3v2tj8b9aM8XuWSsTUZIij9h0UDeVFGM6zox2hOYM5dASYFrYXSnrgwaGNtmiDcH/ffJf0jgu+17Zvz4pVc9ncRTIPjkgR8Qnp6RKrkiN1AkjT+SFjMib8+y8Ou/Ox7R1wZl59sgPOF/fJDancg==</latexit><latexit sha1_base64="OOyqls+gAaA2o+kRng+cohLaun0=">AAACJnicbVDLSgNBEJz1GeNr1aOXwSB4Crsi6CUQ1IPHCCYK2Rh6J5NkyMzuOtMrhGW/xou/4sVDRMSbn+LkcYiPgoGa6i66u8JECoOe9+ksLC4tr6wW1orrG5tb2+7ObsPEqWa8zmIZ67sQDJci4nUUKPldojmoUPLbcHAxrt8+cm1EHN3gMOEtBb1IdAUDtFLbrQSXXCIESV9UAhEh7SANzIPGLOiBUtDOIMyDTmz/tiW/hzke5m235JW9Cehf4s9IicxQa7sj62ep4hEyCcY0fS/BVgYaBZM8Lwap4QmwAfR409IIFDetbHJmTg+t0qHdWNtnN52o844MlDFDFdpOBdg3v2tj8b9aM8XuWSsTUZIij9h0UDeVFGM6zox2hOYM5dASYFrYXSnrgwaGNtmiDcH/ffJf0jgu+17Zvz4pVc9ncRTIPjkgR8Qnp6RKrkiN1AkjT+SFjMib8+y8Ou/Ox7R1wZl59sgPOF/fJDancg==</latexit><latexit sha1_base64="OOyqls+gAaA2o+kRng+cohLaun0=">AAACJnicbVDLSgNBEJz1GeNr1aOXwSB4Crsi6CUQ1IPHCCYK2Rh6J5NkyMzuOtMrhGW/xou/4sVDRMSbn+LkcYiPgoGa6i66u8JECoOe9+ksLC4tr6wW1orrG5tb2+7ObsPEqWa8zmIZ67sQDJci4nUUKPldojmoUPLbcHAxrt8+cm1EHN3gMOEtBb1IdAUDtFLbrQSXXCIESV9UAhEh7SANzIPGLOiBUtDOIMyDTmz/tiW/hzke5m235JW9Cehf4s9IicxQa7sj62ep4hEyCcY0fS/BVgYaBZM8Lwap4QmwAfR409IIFDetbHJmTg+t0qHdWNtnN52o844MlDFDFdpOBdg3v2tj8b9aM8XuWSsTUZIij9h0UDeVFGM6zox2hOYM5dASYFrYXSnrgwaGNtmiDcH/ffJf0jgu+17Zvz4pVc9ncRTIPjkgR8Qnp6RKrkiN1AkjT+SFjMib8+y8Ou/Ox7R1wZl59sgPOF/fJDancg==</latexit>

↵ ⌘ R2
0

3
<latexit sha1_base64="Yikmm5/SMujBbTtUumrHwR+mYUM=">AAAB/nicbVDLSsNAFJ3UV62vqMtugkVwVZJW0GXRjcsq9gFNDJPpTTN08nBmUighoD+jK1F3foQ/4N84rVlo61mde8+5cM/xEkaFNM0vrbSyura+Ud6sbG3v7O7p+wddEaecQIfELOZ9DwtgNIKOpJJBP+GAQ49BzxtfzvTeBLigcXQrpwk4IR5F1KcES7Vy9aqNWRJgG+5TOrF9jkl245p3jTxr5q5eM+vmHMYysQpSQwXarv5pD2OShhBJwrAQA8tMpJNhLilhkFfsVECCyRiPYKBohEMQTjYPkRvHfswNGYAxn397MxwKMQ095QmxDMSiNlv+pw1S6Z87GY2SVEJElEVpfsoMGRuzLowh5UAkmyqCCafqS4MEWHUgVWMVFd9aDLtMuo261aw3rk9rrYuiiDKqoiN0gix0hlroCrVRBxH0iJ7RG3rXHrQn7UV7/bGWtOLmEP2B9vENiHeVxg==</latexit>



Overcoming the distance conjecture
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<latexit sha1_base64="k0Tq4X2Sp+xg42gv4aOYtL6HkcM="></latexit>

Solving the EOM and matching the initial conditions it is possible to find 

Which yields the nice relation

��G < MPl < ��NG
<latexit sha1_base64="C3yXieCsUUT+Ds9xb11F0eMA3qk=">AAACIHicbVBLSwMxGMzWV62vVY9egkXwVHZF0INCUUEvSgX7gG4p2fRrG5p9kHwrlqV/Rv+MgiDqSX+Naa2gtXOa+WYCmfFjKTQ6zoeVmZmdm1/ILuaWlldW1+z1jYqOEsWhzCMZqZrPNEgRQhkFSqjFCljgS6j6vdOhX70FpUUU3mA/hkbAOqFoC87QnJr2sXcGEhn14q5oph7CHabng8ERvfxRJWnklNSViTXtvFNwRqD/iTsmeTJGqWk/e62IJwGEyCXTuu46MTZSplBwCYOcl2iIGe+xDtQNDVkAupGOag7oTjtSFLtAR/p3NmWB1v3AN5mAYVdPesPjNK+eYPuwkYowThBCbiLGayeSYkSHa9GWUMBR9g1hXAnzS8q7TDGOZtOcqe9Olv1PKnsF1ym41/v54sl4iCzZIttkl7jkgBTJBSmRMuHkgTyRN/Ju3VuP1ov1+h3NWOM3m+QPrM8vph+kdQ==</latexit><latexit sha1_base64="C3yXieCsUUT+Ds9xb11F0eMA3qk=">AAACIHicbVBLSwMxGMzWV62vVY9egkXwVHZF0INCUUEvSgX7gG4p2fRrG5p9kHwrlqV/Rv+MgiDqSX+Naa2gtXOa+WYCmfFjKTQ6zoeVmZmdm1/ILuaWlldW1+z1jYqOEsWhzCMZqZrPNEgRQhkFSqjFCljgS6j6vdOhX70FpUUU3mA/hkbAOqFoC87QnJr2sXcGEhn14q5oph7CHabng8ERvfxRJWnklNSViTXtvFNwRqD/iTsmeTJGqWk/e62IJwGEyCXTuu46MTZSplBwCYOcl2iIGe+xDtQNDVkAupGOag7oTjtSFLtAR/p3NmWB1v3AN5mAYVdPesPjNK+eYPuwkYowThBCbiLGayeSYkSHa9GWUMBR9g1hXAnzS8q7TDGOZtOcqe9Olv1PKnsF1ym41/v54sl4iCzZIttkl7jkgBTJBSmRMuHkgTyRN/Ju3VuP1ov1+h3NWOM3m+QPrM8vph+kdQ==</latexit><latexit sha1_base64="C3yXieCsUUT+Ds9xb11F0eMA3qk=">AAACIHicbVBLSwMxGMzWV62vVY9egkXwVHZF0INCUUEvSgX7gG4p2fRrG5p9kHwrlqV/Rv+MgiDqSX+Naa2gtXOa+WYCmfFjKTQ6zoeVmZmdm1/ILuaWlldW1+z1jYqOEsWhzCMZqZrPNEgRQhkFSqjFCljgS6j6vdOhX70FpUUU3mA/hkbAOqFoC87QnJr2sXcGEhn14q5oph7CHabng8ERvfxRJWnklNSViTXtvFNwRqD/iTsmeTJGqWk/e62IJwGEyCXTuu46MTZSplBwCYOcl2iIGe+xDtQNDVkAupGOag7oTjtSFLtAR/p3NmWB1v3AN5mAYVdPesPjNK+eYPuwkYowThBCbiLGayeSYkSHa9GWUMBR9g1hXAnzS8q7TDGOZtOcqe9Olv1PKnsF1ym41/v54sl4iCzZIttkl7jkgBTJBSmRMuHkgTyRN/Ju3VuP1ov1+h3NWOM3m+QPrM8vph+kdQ==</latexit><latexit sha1_base64="C3yXieCsUUT+Ds9xb11F0eMA3qk=">AAACIHicbVBLSwMxGMzWV62vVY9egkXwVHZF0INCUUEvSgX7gG4p2fRrG5p9kHwrlqV/Rv+MgiDqSX+Naa2gtXOa+WYCmfFjKTQ6zoeVmZmdm1/ILuaWlldW1+z1jYqOEsWhzCMZqZrPNEgRQhkFSqjFCljgS6j6vdOhX70FpUUU3mA/hkbAOqFoC87QnJr2sXcGEhn14q5oph7CHabng8ERvfxRJWnklNSViTXtvFNwRqD/iTsmeTJGqWk/e62IJwGEyCXTuu46MTZSplBwCYOcl2iIGe+xDtQNDVkAupGOag7oTjtSFLtAR/p3NmWB1v3AN5mAYVdPesPjNK+eYPuwkYowThBCbiLGayeSYkSHa9GWUMBR9g1hXAnzS8q7TDGOZtOcqe9Olv1PKnsF1ym41/v54sl4iCzZIttkl7jkgBTJBSmRMuHkgTyRN/Ju3VuP1ov1+h3NWOM3m+QPrM8vph+kdQ==</latexit>

We can produce observable primordial gravitational waves without the need of geodesic 
super-Planckian field displacements



Summary

• One dimensional Systems with PDM can be treated with the 
inclusion of SUSY in particular systems with a “Poincaré disk” mass 

• We have used the very same geometry in the context of Multi-field 
inflation in order to produce sizable primordial gravitational waves 
without the need of super-Planckian geodesic field displacements, 
overcoming the Swampland distance conjecture

Happy birthday, Mikhail!  


