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HARMONIC HYBRID 
INFLATION



HYBRID INFLATION Linde ‘93

from Baumann, McAllister ‘15

inflaton

waterfall field

slow-rolling phase:

, frozen: single-field slow roll inflation

,

,

light: 2-field dynamics

tachyonic: inflation ends rapidly

tachyonic preheating

PGW spectrum has peaks

or parametric resonance

potentially oscillons?

V ( ) = 0

<latexit sha1_base64="pQZbdEnk6fgUoRCIEGCzNHw9khQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFKoHoejFYwX7Ie1Ssmm2DU2yS5IVytJf4cWDIl79Od78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HtzG8/UaVZJB/MJKa+wEPJQkawsdJjq9xraHZ+7faLJbfizoFWiZeREmRo9ItfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3iKzqwyQGGkbEmD5urviRQLrScisJ0Cm5Fe9mbif143MeGlnzIZJ4ZKslgUJhyZCM2+RwOmKDF8YgkmitlbERlhhYmxGRVsCN7yy6ukdVHxqpWr+2qpfpPFkYcTOIUyeFCDOtxBA5pAQMAzvMKbo5wX5935WLTmnGzmGP7A+fwBW2KPfA==</latexit>

, ��60 . Mpl

<latexit sha1_base64="IqcoqAJ1rkOcbdQzPqx8Ffg3XEs=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIpPnZFXbgRKtgHNCFMpjft0MmDmYlQQrZu/BU3LhRx6x+482+ctllo64ELh3Pu5d57/IQzqSzr2ygtLa+srpXXKxubW9s75u5eW8apoNCiMY9F1ycSOIugpZji0E0EkNDn0PFHVxO/8wBCsji6V+ME3JAMIhYwSpSWPBM718AVwU4yZF52auXY4SClZCG+9bKE555ZtWrWFHiR2AWpogJNz/xy+jFNQ4gU5UTKnm0lys2IUIxyyCtOKiEhdEQG0NM0IiFIN5t+kuMjrfRxEAtdkcJT9fdERkIpx6GvO0OihnLem4j/eb1UBeduxqIkVRDR2aIg5VjFeBIL7jMBVPGxJoQKpm/FdEgEoUqHV9Eh2PMvL5L2Sc2u1y7u6tXGZRFHGR2gQ3SMbHSGGugGNVELUfSIntErejOejBfj3fiYtZaMYmYf/YHx+QPWhJnT</latexit>
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 the potential is stable  
against radiative corrections
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… WITH TWO AXIONS

equipped with continuous  
shift symmetry

Why Axions ?

good inflaton candidates 
from bottom-up

usually come with very light 
masses and 

ubiquitous presence  
in string theory

good inflaton candidates 
from top-down

hybrid inflation with 1 axionRoss, German ‘10

��60 . Mpl

<latexit sha1_base64="IqcoqAJ1rkOcbdQzPqx8Ffg3XEs=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIpPnZFXbgRKtgHNCFMpjft0MmDmYlQQrZu/BU3LhRx6x+482+ctllo64ELh3Pu5d57/IQzqSzr2ygtLa+srpXXKxubW9s75u5eW8apoNCiMY9F1ycSOIugpZji0E0EkNDn0PFHVxO/8wBCsji6V+ME3JAMIhYwSpSWPBM718AVwU4yZF52auXY4SClZCG+9bKE555ZtWrWFHiR2AWpogJNz/xy+jFNQ4gU5UTKnm0lys2IUIxyyCtOKiEhdEQG0NM0IiFIN5t+kuMjrfRxEAtdkcJT9fdERkIpx6GvO0OihnLem4j/eb1UBeduxqIkVRDR2aIg5VjFeBIL7jMBVPGxJoQKpm/FdEgEoUqHV9Eh2PMvL5L2Sc2u1y7u6tXGZRFHGR2gQ3SMbHSGGugGNVELUfSIntErejOejBfj3fiYtZaMYmYf/YHx+QPWhJnT</latexit>

f . Mpl

<latexit sha1_base64="RcbZIh3gLzbfTFcgITQMbAaRqys=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7IrgnorevEiVLAf0C4lm862oUl2SbJKWftTvHhQxKu/xJv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unlveb+o4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4up76rQdQmsXy3owTCAQZSBYxSoyVem45wl0OWmsm8G0vS/ik51a8qjcDXiZ+TiooR73nfnX7MU0FSEM50brje4kJMqIMoxwmpW6qISF0RAbQsVQSATrIZqdP8LFV+jiKlS1p8Ez9PZERofVYhLZTEDPUi95U/M/rpCa6CDImk9SApPNFUcqxifE0B9xnCqjhY0sIVczeiumQKEKNTatkQ/AXX14mzdOqf1a9vDur1K7yOIroEB2hE+Sjc1RDN6iOGoiiR/SMXtGb8+S8OO/Ox7y14OQzB+gPnM8fCt6T4w==</latexit>

SDC

WGC

Ooguri, Vafa ‘06

Arkani-Hamed, Motl, 
Nicolis, Vafa ‘06

+

from the vacuum 
energy domination

3



inflaton

waterfall field

relative phase of last term

introduce a symmetry breaking effect 
to avoid DW formation

remaining freedom:

may preclude tachyonic preheating

perfect  
hybrid

but parametric resonances can still  
be there, need a dedicated study
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HARMONIC HYBRID INFLATION
<latexit sha1_base64="njmw2fW7FDSru56I+u0+v4O53zM="></latexit>

V =⇤4
1 [1� cos (c1�1 + c2�2)] +

+ ⇤4
2 [1� cos (c1�1 � c2�2)] +

+ ⇤4
3 [1� cos (c2�2)]



parameters  
of the model

detectable in the near future

NUMERICAL PREDICTIONS
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POSSIBLE STRING THEORY REALISATIONS
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✓i

<latexit sha1_base64="51/ikiZMbZiM0V3ccjNaE3Apz74=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVOj0ccaR90S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuql6ten1fq9Rv8jiKcAKncA4eXEId7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wcmNpAQ</latexit>

IIB compactified to 4D on an orientifolded CY3

<latexit sha1_base64="gOWKINAuU6vIIX+PCyic9nnb41g=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVgnor9uKxgv2QdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCSSPzO09UaRbJBzONqS/wSLKQEWwyqfE4uByUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh6terNfa1Sv83jKMIJnMI5eHAFdbiDJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPbpuN3A==</latexit>

i = 1, · · · , h1,1
+

<latexit sha1_base64="XEff1bwpc37ouEehgKtlZxXbRGU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCYCkZKagLoejGZQX7gDaGyWTaDp1MwsxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceP+ZMacf5thYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD32Ww9UKhaJOz2KqRvivmA9RrA2kmfvs0tU7pIg0qo8uE9RGWVeepJ5dsmpOBPAeYJyUgI56p791Q0ikoRUaMKxUh3kxNpNsdSMcJoVu4miMSZD3KcdQwUOqXLTyf0ZPDJKAHuRNCU0nKi/J1IcKjUKfdMZYj1Qs95Y/M/rJLp37qZMxImmgkwX9RIOdQTHYcCASUo0HxmCiWTmVkgGWGKiTWRFEwKafXmeNE8rqFq5uK2Wald5HAVwAA7BMUDgDNTADaiDBiDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPURaVCQ==</latexit>

:
a = 1, · · · , h1,1

�

<latexit sha1_base64="ElOcDDpd6rFKBUH5Wy2AX9/4IXs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1oyUlAXQtGNywr2AW0Mk8m0HTqZhJmJUGIW/oobF4q49Tfc+TdO2yy09cCFwzn3cu89fsyZ0o7zbS0sLi2vrBbWiusbm1vb9s5uU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+8Hrstx6oVCwSd3oUUzfEfcF6jGBtJM/ex5eo3CVBpFV5cJ+iMsq89CTz7JJTcSaA8wTlpARy1D37qxtEJAmp0IRjpTrIibWbYqkZ4TQrdhNFY0yGuE87hgocUuWmk/szeGSUAPYiaUpoOFF/T6Q4VGoU+qYzxHqgZr2x+J/XSXTv3E2ZiBNNBZku6iUc6giOw4ABk5RoPjIEE8nMrZAMsMREm8iKJgQ0+/I8aZ5WULVycVst1a7yOArgAByCY4DAGaiBG1AHDUDAI3gGr+DNerJerHfrY9q6YOUze+APrM8fR1iVAw==</latexit>

<latexit sha1_base64="pOQ7O3E/9c02KEw30xN05Apgz+0=">AAAB+nicbVDLSgNBEJz1GeNr1aOXwSB4MexKQC9C0IMeIxgTSDahdzKbDJl9MNMbCEv+xIsHBfHql3jzb5wke9DEgoaiqpvuLj+RQqPjfFsrq2vrG5uFreL2zu7evn1w+KTjVDFeZ7GMVdMHzaWIeB0FSt5MFIfQl7zhD2+nfmPElRZx9IjjhHsh9CMRCAZopK5t33XgmnXgvI2QUr8DXbvklJ0Z6DJxc1IiOWpd+6vdi1ka8giZBK1brpOgl4FCwSSfFNup5gmwIfR5y9AIQq69bHb5hJ4apUeDWJmKkM7U3xMZhFqPQ990hoADvehNxf+8VorBlZeJKEmRR2y+KEglxZhOY6A9oThDOTYEmBLmVsoGoIChCatoQnAXX14mjYuyWym77kOlVL3J8yiQY3JCzohLLkmV3JMaqRNGRuSZvJI3K7NerHfrY966YuUzR+QPrM8f4e+S/Q==</latexit>

Ga = ca � ⌧ba
scalar d.o.f. <latexit sha1_base64="oZ40CZ7bYi4VG2Dmep5ggpJoldM=">AAACDHicbZDNSgMxFIUz/tb6N+rSTWgRhEKZkYJuhGJduKzQ2kKnDpk0bUMzmSG5I5Sheze+ihsXCuLWB3Dn25i2s9DWA4GPc+/l5p4gFlyD43xbK6tr6xubua389s7u3r59cHino0RR1qSRiFQ7IJoJLlkTOAjWjhUjYSBYKxjVpvXWA1OaR7IB45h1QzKQvM8pAWP5dqHhc3yJPSCJgRLmHpfgp9c+v09Lkwmu+RXfLjplZya8DG4GRZSp7ttfXi+iScgkUEG07rhODN2UKOBUsEneSzSLCR2RAesYlCRkupvObpngE+P0cD9S5knAM/f3REpCrcdhYDpDAkO9WJua/9U6CfQvuimXcQJM0vmifiIwRHgaDO5xxSiIsQFCFTd/xXRIFKFg4subENzFk5ehdVZ2K2XXva0Uq1dZHjl0jAroFLnoHFXRDaqjJqLoET2jV/RmPVkv1rv1MW9dsbKZI/RH1ucPAhOZlA==</latexit>

Ti = ⌧i + i

Z

D+
i

C4
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POSSIBLE STRING THEORY REALISATIONS

IIB compactified to 4D on an orientifolded CY3

<latexit sha1_base64="gOWKINAuU6vIIX+PCyic9nnb41g=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVgnor9uKxgv2QdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCSSPzO09UaRbJBzONqS/wSLKQEWwyqfE4uByUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh6terNfa1Sv83jKMIJnMI5eHAFdbiDJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPbpuN3A==</latexit>

i = 1, · · · , h1,1
+

<latexit sha1_base64="XEff1bwpc37ouEehgKtlZxXbRGU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCYCkZKagLoejGZQX7gDaGyWTaDp1MwsxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceP+ZMacf5thYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD32Ww9UKhaJOz2KqRvivmA9RrA2kmfvs0tU7pIg0qo8uE9RGWVeepJ5dsmpOBPAeYJyUgI56p791Q0ikoRUaMKxUh3kxNpNsdSMcJoVu4miMSZD3KcdQwUOqXLTyf0ZPDJKAHuRNCU0nKi/J1IcKjUKfdMZYj1Qs95Y/M/rJLp37qZMxImmgkwX9RIOdQTHYcCASUo0HxmCiWTmVkgGWGKiTWRFEwKafXmeNE8rqFq5uK2Wald5HAVwAA7BMUDgDNTADaiDBiDgETyDV/BmPVkv1rv1MW1dsPKZPfAH1ucPURaVCQ==</latexit>

:
a = 1, · · · , h1,1

�

<latexit sha1_base64="ElOcDDpd6rFKBUH5Wy2AX9/4IXs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1oyUlAXQtGNywr2AW0Mk8m0HTqZhJmJUGIW/oobF4q49Tfc+TdO2yy09cCFwzn3cu89fsyZ0o7zbS0sLi2vrBbWiusbm1vb9s5uU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+8Hrstx6oVCwSd3oUUzfEfcF6jGBtJM/ex5eo3CVBpFV5cJ+iMsq89CTz7JJTcSaA8wTlpARy1D37qxtEJAmp0IRjpTrIibWbYqkZ4TQrdhNFY0yGuE87hgocUuWmk/szeGSUAPYiaUpoOFF/T6Q4VGoU+qYzxHqgZr2x+J/XSXTv3E2ZiBNNBZku6iUc6giOw4ABk5RoPjIEE8nMrZAMsMREm8iKJgQ0+/I8aZ5WULVycVst1a7yOArgAByCY4DAGaiBG1AHDUDAI3gGr+DNerJerHfrY9q6YOUze+APrM8fR1iVAw==</latexit>

1) 2)h1,1
� = 0

<latexit sha1_base64="J9vumineFy9Nsgx3t2XmETxlzGM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akFNSDUPTisYL9gDaWzXbTLt1s4u6mUEJ+hxcPinj1x3jz37htc9DWBwOP92aYmedFnClt299WbmV1bX0jv1nY2t7Z3SvuHzRVGEtCGyTkoWx7WFHOBG1opjltR5LiwOO05Y1up35rTKVioXjQk4i6AR4I5jOCtZHc4WPinDlpLzlPr+1esWSX7RnQMnEyUoIM9V7xq9sPSRxQoQnHSnUcO9JugqVmhNO00I0VjTAZ4QHtGCpwQJWbzI5O0YlR+sgPpSmh0Uz9PZHgQKlJ4JnOAOuhWvSm4n9eJ9b+pZswEcWaCjJf5Mcc6RBNE0B9JinRfGIIJpKZWxEZYomJNjkVTAjO4svLpFkpO9Xy1X21VLvJ4sjDERzDKThwATW4gzo0gMATPMMrvFlj68V6tz7mrTkrmzmEP7A+fwB29JFF</latexit>

✓i

<latexit sha1_base64="51/ikiZMbZiM0V3ccjNaE3Apz74=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVOj0ccaR90S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuql6ten1fq9Rv8jiKcAKncA4eXEId7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wcmNpAQ</latexit>

axions

+ stacks of D7 branes multiply-wrapping 
some of the 4-cycles

h1,1
� > 0

<latexit sha1_base64="RBreCEE9lvWo9bcp/akhxjTPtaU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akFNSLFL14rGA/oI1ls920SzebuLsplJDf4cWDIl79Md78N27bHLT1wcDjvRlm5nkRZ0rb9reVW1ldW9/Ibxa2tnd294r7B00VxpLQBgl5KNseVpQzQRuaaU7bkaQ48DhteaPbqd8aU6lYKB70JKJugAeC+YxgbSR3+Jg4Z07aS87Ta7tXLNllewa0TJyMlCBDvVf86vZDEgdUaMKxUh3HjrSbYKkZ4TQtdGNFI0xGeEA7hgocUOUms6NTdGKUPvJDaUpoNFN/TyQ4UGoSeKYzwHqoFr2p+J/XibV/6SZMRLGmgswX+TFHOkTTBFCfSUo0nxiCiWTmVkSGWGKiTU4FE4Kz+PIyaVbKTrV8dV8t1W6yOPJwBMdwCg5cQA3uoA4NIPAEz/AKb9bYerHerY95a87KZg7hD6zPH3h5kUY=</latexit>

ca

<latexit sha1_base64="s4Ho9eBTqi4Q63j30j6u5IGT2/8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oY5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3Uz91hNTmsfywYwT5kc4kDzkFI2V7ukj9soVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOlnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndevbo7r9Su8ziKcATHcAoeXEANbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QM2zY3G</latexit>

axions

+ some of the stacks of D7 branes are 
magnetised

<latexit sha1_base64="pOQ7O3E/9c02KEw30xN05Apgz+0=">AAAB+nicbVDLSgNBEJz1GeNr1aOXwSB4MexKQC9C0IMeIxgTSDahdzKbDJl9MNMbCEv+xIsHBfHql3jzb5wke9DEgoaiqpvuLj+RQqPjfFsrq2vrG5uFreL2zu7evn1w+KTjVDFeZ7GMVdMHzaWIeB0FSt5MFIfQl7zhD2+nfmPElRZx9IjjhHsh9CMRCAZopK5t33XgmnXgvI2QUr8DXbvklJ0Z6DJxc1IiOWpd+6vdi1ka8giZBK1brpOgl4FCwSSfFNup5gmwIfR5y9AIQq69bHb5hJ4apUeDWJmKkM7U3xMZhFqPQ990hoADvehNxf+8VorBlZeJKEmRR2y+KEglxZhOY6A9oThDOTYEmBLmVsoGoIChCatoQnAXX14mjYuyWym77kOlVL3J8yiQY3JCzohLLkmV3JMaqRNGRuSZvJI3K7NerHfrY966YuUzR+QPrM8f4e+S/Q==</latexit>

Ga = ca � ⌧ba

<latexit sha1_base64="oIpBl2J7NafBNJ8YHCMDFt4UPiA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtoQ9lsJ+22m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnjzpOFcMWi0WsOgHVKLjEluFGYCdRSKNAYDuY3M399hMqzWP5YKYJ+hEdSh5yRo2VmuN+ueJW3QXIOvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBW6qUaE8omdIhdSyWNUPvZ4tAZubDKgISxsiUNWai/JzIaaT2NAtsZUTPSq95c/M/rpia88TMuk9SgZMtFYSqIicn8azLgCpkRU0soU9zeStiIKsqMzaZkQ/BWX14n7auqV6t6XrNWqd/meRThDM7hEjy4hjrcQwNawADhGV7hzRk7L86787FsLTj5zCn8gfP5A2cTjSc=</latexit>

j = stack

+ …+

magnetised

unmagnetised

scalar d.o.f. <latexit sha1_base64="oZ40CZ7bYi4VG2Dmep5ggpJoldM=">AAACDHicbZDNSgMxFIUz/tb6N+rSTWgRhEKZkYJuhGJduKzQ2kKnDpk0bUMzmSG5I5Sheze+ihsXCuLWB3Dn25i2s9DWA4GPc+/l5p4gFlyD43xbK6tr6xubua389s7u3r59cHino0RR1qSRiFQ7IJoJLlkTOAjWjhUjYSBYKxjVpvXWA1OaR7IB45h1QzKQvM8pAWP5dqHhc3yJPSCJgRLmHpfgp9c+v09Lkwmu+RXfLjplZya8DG4GRZSp7ttfXi+iScgkUEG07rhODN2UKOBUsEneSzSLCR2RAesYlCRkupvObpngE+P0cD9S5knAM/f3REpCrcdhYDpDAkO9WJua/9U6CfQvuimXcQJM0vmifiIwRHgaDO5xxSiIsQFCFTd/xXRIFKFg4subENzFk5ehdVZ2K2XXva0Uq1dZHjl0jAroFLnoHFXRDaqjJqLoET2jV/RmPVkv1rv1MW9dsbKZI/RH1ucPAhOZlA==</latexit>

Ti = ⌧i + i

Z

D+
i

C4

Long, McAllister, Mc Guirk  ’14
✓i

<latexit sha1_base64="51/ikiZMbZiM0V3ccjNaE3Apz74=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVOj0ccaR90S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuql6ten1fq9Rv8jiKcAKncA4eXEId7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wcmNpAQ</latexit>

<latexit sha1_base64="vqSUBPBzNGVzwNyUPJgHwCIeIwE=">AAACCHicbZDNSsNAFIUn9a/Wv6hLQQaL4MaSSEE3QtWNywqtKbRpmEwn7bSTSZiZCCVk58ZXceNCQdz6CO58G6dtFtp6YODj3Hu5c48fMyqVZX0bhaXlldW14nppY3Nre8fc3buXUSIwaeKIRaLlI0kY5aSpqGKkFQuCQp8Rxx/dTOrOAxGSRryhxjFxQ9TnNKAYKW155qHjpTzOLq+8ISTd9BQiDdyj3SFseDTzzLJVsaaCi2DnUAa56p751elFOAkJV5ghKdu2FSs3RUJRzEhW6iSSxAiPUJ+0NXIUEumm0zsyeKydHgwioR9XcOr+nkhRKOU49HVniNRAztcm5n+1dqKCCzelPE4U4Xi2KEgYVBGchAJ7VBCs2FgDwoLqv0I8QAJhpaMr6RDs+ZMXwTmr2NWKbd9Vy7XrPI8iOABH4ATY4BzUwC2ogybA4BE8g1fwZjwZL8a78TFrLRj5zD74I+PzB/6ymI8=</latexit>

Wnp = Aje
�ajn

j
iTi

<latexit sha1_base64="AYt7h8nGB5GrW0x8prwCT/uWYPI="></latexit>

Wnp = Aje
�aj(Tj+ikjabF

a
j (Gb+ ⌧

2F
b
j ))

7



AXIONS

LVS embedding: cf. Blumenhagen et al ’07, 
Cicoli et al ’12, …V ⇠ ↵⌧3/2b � �⌧3/2s � �⌧3/2s1 � �⌧3/2s2

<latexit sha1_base64="dMzxjFDtfJYQ9pOa01nHhkaiLJ4="></latexit>

non pert. corrections 
to the superpotential

C4

<latexit sha1_base64="bq17qf3l0D23jXCqTreLRWBksC4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU1FuxF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoNxfea3n1BpHstHM0nQj+hQ8pAzaqz0UO9X+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbQuK161cnNfLddu8zgKcApncAEeXEEN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8wfDT416</latexit>

8|  Nicole Righi22 Dec 2020

<latexit sha1_base64="NZ2nE1tKuF/atEEpSndX/HmUsQI="></latexit>

W =W0 +Ase
�asTs +As2e

�as2Ts2+

+As1e
�as1(n

1
s1

Ts1+n2
s1

Ts2) +As2e
�as2(n

1
s2

Ts1�n2
s2

Ts2)



AXIONS

LVS embedding: cf. Blumenhagen et al ’07, 
Cicoli et al ’12, …V ⇠ ↵⌧3/2b � �⌧3/2s � �⌧3/2s1 � �⌧3/2s2

<latexit sha1_base64="dMzxjFDtfJYQ9pOa01nHhkaiLJ4="></latexit>

non pert. corrections 
to the superpotential

C4

<latexit sha1_base64="bq17qf3l0D23jXCqTreLRWBksC4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU1FuxF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoNxfea3n1BpHstHM0nQj+hQ8pAzaqz0UO9X+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbQuK161cnNfLddu8zgKcApncAEeXEEN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8wfDT416</latexit>

9

potential for
<latexit sha1_base64="RS13z4IMUgqmFOrl2oj/CX40AO8=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQY9FLx4rWFtoQ9hsp+3SzSbuTgol9Hd48aAgXv0v3vw3btsctPXBwOO9GWbmhYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmkOLxzLWnZAZkEJBCwVK6CQaWBRKaIfj27nfnoA2IlYPOE3Aj9hQiYHgDK3k93AEyILMBLUZDcoVt+ouQNeJl5MKydEMyl+9fszTCBRyyYzpem6CfsY0Ci5hVuqlBhLGx2wIXUsVi8D42eLoGb2wSp8OYm1LIV2ovycyFhkzjULbGTEcmVVvLv7ndVMcXPuZUEmKoPhy0SCVFGM6T4D2hQaOcmoJ41rYWykfMc042pxKNgRv9eV10q5VvXrV8+7rlcZNnkeRnJFzckk8ckUa5I40SYtw8kSeySt5cybOi/PufCxbC04+c0r+wPn8AR2EkiI=</latexit>

✓s2
<latexit sha1_base64="OGjwHJEijFfVOEH5evZHAQOTxg8=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyIoMegF48RjAkkyzI76U2GzD6c6Q2EJd/hxYOCePVfvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmBbREohLdCbgBJWNooUQFnVQDjwIF7WB0O/PbY9BGJvEDTlLwIj6IZSgFRyt5PRwCcj83PptSv1pz6+4cdJWwgtRIgaZf/er1E5FFEKNQ3Jguc1P0cq5RCgXTSi8zkHIx4gPoWhrzCIyXz4+e0jOr9GmYaFsx0rn6eyLnkTGTKLCdEcehWfZm4n9eN8Pw2stlnGYIsVgsCjNFMaGzBGhfahCoJpZwoaW9lYoh11ygzaliQ2DLL6+S9kWdXdYZu7+sNW6KPMrkhJySc8LIFWmQO9IkLSLIE3kmr+TNGTsvzrvzsWgtOcXMMfkD5/MHG/2SIQ==</latexit>

✓s1

inflaton

waterfall

|  Nicole Righi22 Dec 2020

<latexit sha1_base64="mRWAUjndzW4lACuAalOKJemOsqk="></latexit>

V (✓s1 , ✓s2) =⇤4
3 cos (as2✓s2)+

+ ⇤4
1 cos

⇥
as1

�
n1
s1✓s1 + n2

s1✓s2
�⇤

+

+ ⇤4
2 cos

⇥
as2

�
n1
s2✓s1 � n2

s2✓s2
�⇤

<latexit sha1_base64="NZ2nE1tKuF/atEEpSndX/HmUsQI="></latexit>

W =W0 +Ase
�asTs +As2e

�as2Ts2+

+As1e
�as1(n

1
s1

Ts1+n2
s1

Ts2) +As2e
�as2(n

1
s2

Ts1�n2
s2

Ts2)



AXIONS

LVS embedding: cf. Blumenhagen et al ’07, 
Cicoli et al ’12, …V ⇠ ↵⌧3/2b � �⌧3/2s � �⌧3/2s1 � �⌧3/2s2

<latexit sha1_base64="dMzxjFDtfJYQ9pOa01nHhkaiLJ4="></latexit>

non pert. corrections 
to the superpotential

C4

<latexit sha1_base64="bq17qf3l0D23jXCqTreLRWBksC4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU1FuxF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoNxfea3n1BpHstHM0nQj+hQ8pAzaqz0UO9X+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbQuK161cnNfLddu8zgKcApncAEeXEEN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8wfDT416</latexit>

10

potential for
<latexit sha1_base64="RS13z4IMUgqmFOrl2oj/CX40AO8=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQY9FLx4rWFtoQ9hsp+3SzSbuTgol9Hd48aAgXv0v3vw3btsctPXBwOO9GWbmhYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmkOLxzLWnZAZkEJBCwVK6CQaWBRKaIfj27nfnoA2IlYPOE3Aj9hQiYHgDK3k93AEyILMBLUZDcoVt+ouQNeJl5MKydEMyl+9fszTCBRyyYzpem6CfsY0Ci5hVuqlBhLGx2wIXUsVi8D42eLoGb2wSp8OYm1LIV2ovycyFhkzjULbGTEcmVVvLv7ndVMcXPuZUEmKoPhy0SCVFGM6T4D2hQaOcmoJ41rYWykfMc042pxKNgRv9eV10q5VvXrV8+7rlcZNnkeRnJFzckk8ckUa5I40SYtw8kSeySt5cybOi/PufCxbC04+c0r+wPn8AR2EkiI=</latexit>

✓s2
<latexit sha1_base64="OGjwHJEijFfVOEH5evZHAQOTxg8=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyIoMegF48RjAkkyzI76U2GzD6c6Q2EJd/hxYOCePVfvPk3TpI9aGJBQ1HVTXdXkCpp0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmBbREohLdCbgBJWNooUQFnVQDjwIF7WB0O/PbY9BGJvEDTlLwIj6IZSgFRyt5PRwCcj83PptSv1pz6+4cdJWwgtRIgaZf/er1E5FFEKNQ3Jguc1P0cq5RCgXTSi8zkHIx4gPoWhrzCIyXz4+e0jOr9GmYaFsx0rn6eyLnkTGTKLCdEcehWfZm4n9eN8Pw2stlnGYIsVgsCjNFMaGzBGhfahCoJpZwoaW9lYoh11ygzaliQ2DLL6+S9kWdXdYZu7+sNW6KPMrkhJySc8LIFWmQO9IkLSLIE3kmr+TNGTsvzrvzsWgtOcXMMfkD5/MHG/2SIQ==</latexit>

✓s1

inflaton

waterfall

Constraints on the free parameters of 
the pheno model and viceversa

|  Nicole Righi22 Dec 2020

<latexit sha1_base64="mRWAUjndzW4lACuAalOKJemOsqk="></latexit>

V (✓s1 , ✓s2) =⇤4
3 cos (as2✓s2)+

+ ⇤4
1 cos

⇥
as1

�
n1
s1✓s1 + n2

s1✓s2
�⇤

+

+ ⇤4
2 cos

⇥
as2

�
n1
s2✓s1 � n2

s2✓s2
�⇤

e.g. maximizing 
<latexit sha1_base64="5Rz1HvBWheo4Y09rrOztO9uM7QM=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQY8FPXisYG2hCWWznbRLN5u4OymU0N/hxYOCePW/ePPfuP04aOuDgcd7M8zMC1MpDLrut1PY2Nza3inulvb2Dw6PyscnjybJNIcWT2SiOyEzIIWCFgqU0Ek1sDiU0A5HNzO/PQZtRKIecJJCELOBEpHgDK0U+LcgkVE/HYperVeuuFV3DrpOvCWpkCWavfKX3094FoNCLpkxXc9NMciZRsElTEt+ZiBlfMQG0LVUsRhMkM+PntILq/RplGhbCulc/T2Rs9iYSRzazpjh0Kx6M/E/r5thdB3kQqUZguKLRVEmKSZ0lgDtCw0c5cQSxrWwt1I+ZJpxtDmVbAje6svrpF2revWq593XK43aMo8iOSPn5JJ45Io0yB1pkhbh5Ik8k1fy5oydF+fd+Vi0FpzlzCn5A+fzB43Dkbk=</latexit>

��2 while keeping a subplanckian f gives
<latexit sha1_base64="vL3NgGuKHkh6X4+QnrNTj2i1ZlY=">AAACCXicbVBNS8NAEJ34WetX1KMHF4vgqSSloBeh4MWTVLC20Maw2W7apZtN2N0IJeToxb/ixYOCePUfePPfuG1z0NYHA2/fm2FnXpBwprTjfFtLyyura+uljfLm1vbOrr23f6fiVBLaIjGPZSfAinImaEszzWknkRRHAaftYHQ58dsPVCoWi1s9TqgX4YFgISNYG8m3j8R9zc+Uz/IL1AslJtn17JlntV7Cct+uOFVnCrRI3IJUoEDTt796/ZikERWacKxU13US7WVYakY4zcu9VNEEkxEe0K6hAkdUedn0kBydGKWPwliaEhpN1d8TGY6UGkeB6YywHqp5byL+53VTHZ57GRNJqqkgs4/ClCMdo0kqqM8kJZqPDcFEMrMrIkNs4tAmu7IJwZ0/eZG0a1W3XnXdm3qlUSvyKMEhHMMpuHAGDbiCJrSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8AalKmiY=</latexit>

n2
si =

Nsi

2⇡

<latexit sha1_base64="NZ2nE1tKuF/atEEpSndX/HmUsQI="></latexit>

W =W0 +Ase
�asTs +As2e

�as2Ts2+

+As1e
�as1(n

1
s1

Ts1+n2
s1

Ts2) +As2e
�as2(n

1
s2

Ts1�n2
s2

Ts2)
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AXIONS
<latexit sha1_base64="567XQp1/h5DWpgiOheXwgkkecaE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY/FXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvBpDn3O09cGxGrB5wm3I/oSIlQMIpWum8OaoNyxa26C5B14uWkAjlag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10mnVvXqVc+7q1caN3keRTiDc7gED66gAbfQgjYwGMEzvMKbI50X5935WLYWnHzmFP7A+fwBUuWNpQ==</latexit>

C2

<latexit sha1_base64="EDlEc5gcZMV8wM2qyH3gQVCU5Vk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwcF8er3ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LR7cxvPXFjhVYPOE55mNCBErFgFJ3U7CLNeqJXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSuqgGl9UguL+s1G7yPIpwAqdwDgFcQQ3uoA4NYPAIz/AKb572Xrx372PRWvDymWP4A+/zBzX4j10=</latexit>⌧i
<latexit sha1_base64="7XOmCWMgP7DT/hXEVjLd8kPqbl0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BLx4jGBNIljA76U2GzD6c6RVCyE948aAgXv0cb/6Nk2QPmljQUFR1090VpEoact1vp7C2vrG5Vdwu7ezu7R+UD48eTJJpgU2RqES3A25QyRibJElhO9XIo0BhKxjdzPzWE2ojk/iexin6ER/EMpSCk5XaXRoi8Z7slStu1Z2DrRIvJxXI0eiVv7r9RGQRxiQUN6bjuSn5E65JCoXTUjczmHIx4gPsWBrzCI0/md87ZWdW6bMw0bZiYnP198SER8aMo8B2RpyGZtmbif95nYzCK38i4zQjjMViUZgpRgmbPc/6UqMgNbaECy3trUwMueaCbEQlG4K3/PIqaV1UvVrV8+5qlfp1nkcRTuAUzsGDS6jDLTSgCQIUPMMrvDmPzovz7nwsWgtOPnMMf+B8/gC7MJA9</latexit>

✓i
<latexit sha1_base64="Ijf+c3086eq4lY6tDkZH6CBmMow=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4rWltoY5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjBx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Hrmt5+Y0jyW92aSMD/CoeQhp2isdBc8Yr9ccavuHGSVeDmpQI5mv/zVG8Q0jZg0VKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEiOm/Wx+6pScWWVAwljZkobM1d8TGUZaT6LAdkZoRnrZm4n/ed3UhJd+xmWSGibpYlGYCmJiMvubDLhi1IiJJUgVt7cSOkKF1Nh0SjYEb/nlVdK+qHq1qufd1iqNqzyPIpzAKZyDB3VowA00oQUUhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AyCON8g==</latexit>

ba, , stabilised at a higher scale than
<latexit sha1_base64="WZGQI/yBjtyuq9G8a1fvk1QY6O0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtLbQxrLZTtqlm03Y3Qgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeYXM/9zhMqzWN5b6YJ+hEdSR5yRo2V7tgjHZQrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwis/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb161fNu65VmLc+jCGdwDpfgQQOacAMtaAODETzDK7w5wnlx3p2PZWvByWdO4Q+czx/E2o3j</latexit>

ca
consider 

assume 

both 

<latexit sha1_base64="FpuImmap/AQFCVtWsxef2rIK1KE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ40LIpBb0IBS8eK1hbaNeSTbNtaDa7JtlCWfZ3ePGgIF79L978N6btHrT1wcDjvRlm5vmx4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODh90lCjKmjQSkWr7RDPBJWsabgRrx4qR0Bes5Y9upn5rzJTmkbw3k5h5IRlIHnBKjJW84WOKz3HWSy+y62qvVHYr7gxomeCclCFHo1f66vYjmoRMGiqI1h3sxsZLiTKcCpYVu4lmMaEjMmAdSyUJmfbS2dEZOrVKHwWRsiUNmqm/J1ISaj0JfdsZEjPUi95U/M/rJCa48lIu48QwSeeLgkQgE6FpAqjPFaNGTCwhVHF7K6JDogg1NqeiDQEvvrxMWtUKrlUwvquV69U8jwIcwwmcAYZLqMMtNKAJFJ7gGV7hzRk7L8678zFvXXHymSP4A+fzBws/kWQ=</latexit>

h1,1
� = 2

<latexit sha1_base64="zYzXg+5tKCX5PrZnx85bxv9YXQI=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBUMqmFvQiFLx4rGBtoV1LNs22odnsmmQLZdnf4cWDgnj1v3jz35h+HLT1wcDjvRlm5vmx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw86ShRlDRqJSLV8opngkjUMN4K1YsVI6AvW9Ic3E785YkrzSN6bccy8kPQlDzglxkre4DHF5zjrpmfZ9UW3WHLL7hRomeA5KcEc9W7xq9OLaBIyaaggWrexGxsvJcpwKlhW6CSaxYQOSZ+1LZUkZNpLp0dn6MQqPRREypY0aKr+nkhJqPU49G1nSMxAL3oT8T+vnZjgyku5jBPDJJ0tChKBTIQmCaAeV4waMbaEUMXtrYgOiCLU2JwKNgS8+PIyaVbKuFrG+K5aqlXmeeThCI7hFDBcQg1uoQ4NoPAEz/AKb87IeXHenY9Za86ZzxzCHzifPwm0kWM=</latexit>

h1,1
+ = 3,

<latexit sha1_base64="E1DmMALl1dPAviHJfFG7BBpqJg8=">AAAB/HicbVDLSgMxFM3UV62vsS7dBItQQcukFHRZcOOyorWFdhwyaaYNTTJDkhHLML/ixoWCuPVD3Pk3po+FVg9cOJxzL/feEyacaeN5X05hZXVtfaO4Wdra3tndc/fLdzpOFaFtEvNYdUOsKWeStg0znHYTRbEIOe2E48up33mgSrNY3ppJQn2Bh5JFjGBjpcAt92/YUOAgQ6f1/D6rnp3kgVvxat4M8C9BC1IBC7QC97M/iEkqqDSEY617yEuMn2FlGOE0L/VTTRNMxnhIe5ZKLKj2s9ntOTy2ygBGsbIlDZypPycyLLSeiNB2CmxGetmbiv95vdREF37GZJIaKsl8UZRyaGI4DQIOmKLE8IklmChmb4VkhBUmxsZVsiGg5Zf/kk69hho1hK4blWZ9kUcRHIIjUAUInIMmuAIt0AYEPIIn8AJendx5dt6c93lrwVnMHIBfcD6+AQ0tk48=</latexit>

⌃(�)
1,2 intersect with

<latexit sha1_base64="g3C1rKW1Bxv/1JAQlVjfiIQQ/C8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahopRNKeixoAePFawttGvJptk2NJtdk2yhLPs7vHhQEK/+F2/+G9OPg1YfDDzem2Fmnh8Lro3rfjm5ldW19Y38ZmFre2d3r7h/cK+jRFHWpJGIVNsnmgkuWdNwI1g7VoyEvmAtf3Q19VtjpjSP5J2ZxMwLyUDygFNirORd91J8Xs0e0vLZadYrltyKOwP6S/CClGCBRq/42e1HNAmZNFQQrTvYjY2XEmU4FSwrdBPNYkJHZMA6lkoSMu2ls6MzdGKVPgoiZUsaNFN/TqQk1HoS+rYzJGaol72p+J/XSUxw6aVcxolhks4XBYlAJkLTBFCfK0aNmFhCqOL2VkSHRBFqbE4FGwJefvkvaVUruFbB+LZWqlcXeeThCI6hDBguoA430IAmUHiEJ3iBV2fsPDtvzvu8NecsZg7hF5yPb6L3kSE=</latexit>

D(+)
1,2 while only

<latexit sha1_base64="1aKvAD/MdOAqFx3z/DQ9KOVf8pQ=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSLUgyUpBT0WvHisaG2hjWGz3bRLN5uwuymUkH/ixYOCePWXePPfuG1z0NYHA4/3ZpiZFyScKe0439ba+sbm1nZpp7y7t39waB8dP6o4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwGknGN/M/M6ESsVi8aCnCfUiPBQsZARrI/m23b9nwwj7WT1/yqqXF7lvV5yaMwdaJW5BKlCg5dtf/UFM0ogKTThWquc6ifYyLDUjnOblfqpogskYD2nPUIEjqrxsfnmOzo0yQGEsTQmN5urviQxHSk2jwHRGWI/UsjcT//N6qQ6vvYyJJNVUkMWiMOVIx2gWAxowSYnmU0MwkczcisgIS0y0CatsQnCXX14lnXrNbdRc965RadaLPEpwCmdQBReuoAm30II2EJjAM7zCm5VZL9a79bFoXbOKmRP4A+vzBywgkx4=</latexit>

⌃(�)
2 intersects with

<latexit sha1_base64="hJZLFd6eSB3v0hoDIEhEwosQBH0=">AAAB83icbVBNSwMxEM36WetX1aOXYBEqQtmtBT0W9OCxgrWFbS3ZNNuGZpMlmRXKsj/DiwcF8eqf8ea/MW33oK0PBh7vzTAzL4gFN+C6387K6tr6xmZhq7i9s7u3Xzo4fDAq0ZS1qBJKdwJimOCStYCDYJ1YMxIFgrWD8fXUbz8xbbiS9zCJWS8iQ8lDTglYyb/ppxfZY1o5P8v6pbJbdWfAy8TLSRnlaPZLX92BoknEJFBBjPE9N4ZeSjRwKlhW7CaGxYSOyZD5lkoSMdNLZydn+NQqAxwqbUsCnqm/J1ISGTOJAtsZERiZRW8q/uf5CYRXvZTLOAEm6XxRmAgMCk//xwOuGQUxsYRQze2tmI6IJhRsSkUbgrf48jJp16pevep5d/Vyo5bnUUDH6ARVkIcuUQPdoiZqIYoUekav6M0B58V5dz7mrStOPnOE/sD5/AHH2pCx</latexit>

D(+)
3
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AXIONS
<latexit sha1_base64="567XQp1/h5DWpgiOheXwgkkecaE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY/FXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvBpDn3O09cGxGrB5wm3I/oSIlQMIpWum8OaoNyxa26C5B14uWkAjlag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10mnVvXqVc+7q1caN3keRTiDc7gED66gAbfQgjYwGMEzvMKbI50X5935WLYWnHzmFP7A+fwBUuWNpQ==</latexit>

C2

<latexit sha1_base64="EDlEc5gcZMV8wM2qyH3gQVCU5Vk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwcF8er3ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LR7cxvPXFjhVYPOE55mNCBErFgFJ3U7CLNeqJXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSuqgGl9UguL+s1G7yPIpwAqdwDgFcQQ3uoA4NYPAIz/AKb572Xrx372PRWvDymWP4A+/zBzX4j10=</latexit>⌧i
<latexit sha1_base64="7XOmCWMgP7DT/hXEVjLd8kPqbl0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BLx4jGBNIljA76U2GzD6c6RVCyE948aAgXv0cb/6Nk2QPmljQUFR1090VpEoact1vp7C2vrG5Vdwu7ezu7R+UD48eTJJpgU2RqES3A25QyRibJElhO9XIo0BhKxjdzPzWE2ojk/iexin6ER/EMpSCk5XaXRoi8Z7slStu1Z2DrRIvJxXI0eiVv7r9RGQRxiQUN6bjuSn5E65JCoXTUjczmHIx4gPsWBrzCI0/md87ZWdW6bMw0bZiYnP198SER8aMo8B2RpyGZtmbif95nYzCK38i4zQjjMViUZgpRgmbPc/6UqMgNbaECy3trUwMueaCbEQlG4K3/PIqaV1UvVrV8+5qlfp1nkcRTuAUzsGDS6jDLTSgCQIUPMMrvDmPzovz7nwsWgtOPnMMf+B8/gC7MJA9</latexit>

✓i
<latexit sha1_base64="Ijf+c3086eq4lY6tDkZH6CBmMow=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4rWltoY5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjBx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Hrmt5+Y0jyW92aSMD/CoeQhp2isdBc8Yr9ccavuHGSVeDmpQI5mv/zVG8Q0jZg0VKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEiOm/Wx+6pScWWVAwljZkobM1d8TGUZaT6LAdkZoRnrZm4n/ed3UhJd+xmWSGibpYlGYCmJiMvubDLhi1IiJJUgVt7cSOkKF1Nh0SjYEb/nlVdK+qHq1qufd1iqNqzyPIpzAKZyDB3VowA00oQUUhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AyCON8g==</latexit>

ba, , stabilised at a higher scale than
<latexit sha1_base64="WZGQI/yBjtyuq9G8a1fvk1QY6O0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtLbQxrLZTtqlm03Y3Qgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeYXM/9zhMqzWN5b6YJ+hEdSR5yRo2V7tgjHZQrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwis/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb161fNu65VmLc+jCGdwDpfgQQOacAMtaAODETzDK7w5wnlx3p2PZWvByWdO4Q+czx/E2o3j</latexit>

ca
consider 

assume 

both 

<latexit sha1_base64="FpuImmap/AQFCVtWsxef2rIK1KE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ40LIpBb0IBS8eK1hbaNeSTbNtaDa7JtlCWfZ3ePGgIF79L978N6btHrT1wcDjvRlm5vmx4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODh90lCjKmjQSkWr7RDPBJWsabgRrx4qR0Bes5Y9upn5rzJTmkbw3k5h5IRlIHnBKjJW84WOKz3HWSy+y62qvVHYr7gxomeCclCFHo1f66vYjmoRMGiqI1h3sxsZLiTKcCpYVu4lmMaEjMmAdSyUJmfbS2dEZOrVKHwWRsiUNmqm/J1ISaj0JfdsZEjPUi95U/M/rJCa48lIu48QwSeeLgkQgE6FpAqjPFaNGTCwhVHF7K6JDogg1NqeiDQEvvrxMWtUKrlUwvquV69U8jwIcwwmcAYZLqMMtNKAJFJ7gGV7hzRk7L8678zFvXXHymSP4A+fzBws/kWQ=</latexit>

h1,1
� = 2

<latexit sha1_base64="zYzXg+5tKCX5PrZnx85bxv9YXQI=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBUMqmFvQiFLx4rGBtoV1LNs22odnsmmQLZdnf4cWDgnj1v3jz35h+HLT1wcDjvRlm5vmx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw86ShRlDRqJSLV8opngkjUMN4K1YsVI6AvW9Ic3E785YkrzSN6bccy8kPQlDzglxkre4DHF5zjrpmfZ9UW3WHLL7hRomeA5KcEc9W7xq9OLaBIyaaggWrexGxsvJcpwKlhW6CSaxYQOSZ+1LZUkZNpLp0dn6MQqPRREypY0aKr+nkhJqPU49G1nSMxAL3oT8T+vnZjgyku5jBPDJJ0tChKBTIQmCaAeV4waMbaEUMXtrYgOiCLU2JwKNgS8+PIyaVbKuFrG+K5aqlXmeeThCI7hFDBcQg1uoQ4NoPAEz/AKb87IeXHenY9Za86ZzxzCHzifPwm0kWM=</latexit>

h1,1
+ = 3,

<latexit sha1_base64="E1DmMALl1dPAviHJfFG7BBpqJg8=">AAAB/HicbVDLSgMxFM3UV62vsS7dBItQQcukFHRZcOOyorWFdhwyaaYNTTJDkhHLML/ixoWCuPVD3Pk3po+FVg9cOJxzL/feEyacaeN5X05hZXVtfaO4Wdra3tndc/fLdzpOFaFtEvNYdUOsKWeStg0znHYTRbEIOe2E48up33mgSrNY3ppJQn2Bh5JFjGBjpcAt92/YUOAgQ6f1/D6rnp3kgVvxat4M8C9BC1IBC7QC97M/iEkqqDSEY617yEuMn2FlGOE0L/VTTRNMxnhIe5ZKLKj2s9ntOTy2ygBGsbIlDZypPycyLLSeiNB2CmxGetmbiv95vdREF37GZJIaKsl8UZRyaGI4DQIOmKLE8IklmChmb4VkhBUmxsZVsiGg5Zf/kk69hho1hK4blWZ9kUcRHIIjUAUInIMmuAIt0AYEPIIn8AJendx5dt6c93lrwVnMHIBfcD6+AQ0tk48=</latexit>

⌃(�)
1,2 intersect with

<latexit sha1_base64="g3C1rKW1Bxv/1JAQlVjfiIQQ/C8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahopRNKeixoAePFawttGvJptk2NJtdk2yhLPs7vHhQEK/+F2/+G9OPg1YfDDzem2Fmnh8Lro3rfjm5ldW19Y38ZmFre2d3r7h/cK+jRFHWpJGIVNsnmgkuWdNwI1g7VoyEvmAtf3Q19VtjpjSP5J2ZxMwLyUDygFNirORd91J8Xs0e0vLZadYrltyKOwP6S/CClGCBRq/42e1HNAmZNFQQrTvYjY2XEmU4FSwrdBPNYkJHZMA6lkoSMu2ls6MzdGKVPgoiZUsaNFN/TqQk1HoS+rYzJGaol72p+J/XSUxw6aVcxolhks4XBYlAJkLTBFCfK0aNmFhCqOL2VkSHRBFqbE4FGwJefvkvaVUruFbB+LZWqlcXeeThCI6hDBguoA430IAmUHiEJ3iBV2fsPDtvzvu8NecsZg7hF5yPb6L3kSE=</latexit>

D(+)
1,2 while only

<latexit sha1_base64="1aKvAD/MdOAqFx3z/DQ9KOVf8pQ=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSLUgyUpBT0WvHisaG2hjWGz3bRLN5uwuymUkH/ixYOCePWXePPfuG1z0NYHA4/3ZpiZFyScKe0439ba+sbm1nZpp7y7t39waB8dP6o4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwGknGN/M/M6ESsVi8aCnCfUiPBQsZARrI/m23b9nwwj7WT1/yqqXF7lvV5yaMwdaJW5BKlCg5dtf/UFM0ogKTThWquc6ifYyLDUjnOblfqpogskYD2nPUIEjqrxsfnmOzo0yQGEsTQmN5urviQxHSk2jwHRGWI/UsjcT//N6qQ6vvYyJJNVUkMWiMOVIx2gWAxowSYnmU0MwkczcisgIS0y0CatsQnCXX14lnXrNbdRc965RadaLPEpwCmdQBReuoAm30II2EJjAM7zCm5VZL9a79bFoXbOKmRP4A+vzBywgkx4=</latexit>

⌃(�)
2 intersects with

<latexit sha1_base64="hJZLFd6eSB3v0hoDIEhEwosQBH0=">AAAB83icbVBNSwMxEM36WetX1aOXYBEqQtmtBT0W9OCxgrWFbS3ZNNuGZpMlmRXKsj/DiwcF8eqf8ea/MW33oK0PBh7vzTAzL4gFN+C6387K6tr6xmZhq7i9s7u3Xzo4fDAq0ZS1qBJKdwJimOCStYCDYJ1YMxIFgrWD8fXUbz8xbbiS9zCJWS8iQ8lDTglYyb/ppxfZY1o5P8v6pbJbdWfAy8TLSRnlaPZLX92BoknEJFBBjPE9N4ZeSjRwKlhW7CaGxYSOyZD5lkoSMdNLZydn+NQqAxwqbUsCnqm/J1ISGTOJAtsZERiZRW8q/uf5CYRXvZTLOAEm6XxRmAgMCk//xwOuGQUxsYRQze2tmI6IJhRsSkUbgrf48jJp16pevep5d/Vyo5bnUUDH6ARVkIcuUQPdoiZqIYoUekav6M0B58V5dz7mrStOPnOE/sD5/AHH2pCx</latexit>

D(+)
3

<latexit sha1_base64="NPvxk/ZBNk+mfUFRQHE3MYeK8RQ="></latexit>

V ⇠
⇣
⌧D1 + kD1

ab b
abb

⌘3/2
�

⇣
⌧D2 + kD2

ab b
abb

⌘3/2
�

⇣
⌧D3 + kD3

22 (b2)2
⌘3/2
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<latexit sha1_base64="PYngioV3tLpWDfyJ8VopNNjhTc0="></latexit>

V = ⇤4
D1

cos
h⇣

aD1k
D1
11 F 1

D1
+ aD1k

D1
21 F 2

D1

⌘
c1

+
⇣
aD1k

D1
12 F 1

D1
+ aD1k

D1
22 F 2

D1

⌘
c2
i
+

+ ⇤4
D2

cos
h⇣

aD2k
D2
11 F 1

D2
+ aD2k

D2
21 F 2

D2

⌘
c1

+
⇣
aD2k

D2
12 F 1

D2
+ aD2k

D2
22 F 2

D2

⌘
c2
i
+

+ ⇤4
D3

cos
⇣
aD3k

D3
22 F 2

D3
c2
⌘

potential for

inflaton

waterfall
<latexit sha1_base64="Nr/SM9pPpx39PyyKnzv9WbcyPIc=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhCswm0IaBmwsYxoTCA5w95mLlmyt3fs7gkh5CfYWCiIrX/Izn/jJrlCEx8MPN6bYWZemEphrO9/e2vrG5tb24Wd4u7e/sFh6ej4wSSZ5tjkiUx0O2QGpVDYtMJKbKcaWRxKbIWj65nfekJtRKLu7TjFIGYDJSLBmXXSHX+kvVLZr/hzkFVCc1KGHI1e6avbT3gWo7JcMmM61E9tMGHaCi5xWuxmBlPGR2yAHUcVi9EEk/mpU3LulD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06RRcCXX55lbSqFVqrUHpbK9ereR4FOIUzuAAKl1CHG2hAEzgM4Ble4c2T3ov37n0sWte8fOYE/sD7/AF76o2z</latexit>

c1

<latexit sha1_base64="J5hYO0YcesrrNAriauv6rjgYOfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtLbQxrLZTtqlm03Y3Qgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeYXM/9zhMqzWN5b6YJ+hEdSR5yRo2V7thjbVCuuFV3AbJOvJxUIEdrUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10mnVvXqVc+7rVeatTyPIpzBOVyCBw1owg20oA0MRvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AfW+NtA==</latexit>

c2

Constraints on the free 
parameters    + 
easier to include the 
symmetry breaking
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CONCLUSIONS

Thank  you!

Outlook

new model of 2-field inflation with peculiar observable features (in the near future)

potentially easily embeddable in string theory

interplay of the free parameters from the string model and the effective model: 
prediction of the firsts in function of the second and/or viceversa

analysis of dynamics after inflation / oscillons formation

explicit and full string theory embedding

possible realisation with thraxions
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BACKUP I: THRAXIONS Hebecker, Leonhardt, Moritz, Westphal  ’18

Thraxions: “C2 - axions” present in CY compactifications with multi-throat regions

periodic cosine potential due to the compactness of the CY
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