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New physics for Higgs mass

• Scale invariance

• Pion-like composite• Supersymmetry

• Discrete symmetries • Cosmological relaxation
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<latexit sha1_base64="yNjtDhyAHypSCgWP7zVASrFCPEk="></latexit><latexit sha1_base64="yNjtDhyAHypSCgWP7zVASrFCPEk="></latexit><latexit sha1_base64="yNjtDhyAHypSCgWP7zVASrFCPEk="></latexit><latexit sha1_base64="yNjtDhyAHypSCgWP7zVASrFCPEk="></latexit>

[N. Craig, CERN, 2018]

g ⌧ |mH |

<latexit sha1_base64="uE5IkjnNjVBJ4C7GMgbCEx7G+JE=">AAAAAHicbVDLSgNBEOyNrxhfUY9eBoPgKezGED1JwEuOEcwDkyXMTmaTITOzy8ysEDb5Cy8eFPHq33jzb5w8DppY0FBUddPdFcScaeO6305mY3Nreye7m9vbPzg8yh+fNHWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRnczv/VElWaRfDDjmPoCDyQLGcHGSo+DLudoInq1SS9fcIuuV3IrV8iSOZC3SgqwRL2X/+r2I5IIKg3hWOuO58bGT7EyjHA6zXUTTWNMRnhAO5ZKLKj20/nFU3RhlT4KI2VLGjRXf0+kWGg9FoHtFNgM9ao3E//zOokJb/yUyTgxVJLFojDhyERo9j7qM0WJ4WNLMFHM3orIECtMjA0pZ0NYe3mdNEtFr1x078uF6u0yjiycwTlcggfXUIUa1KEBBCQ8wyu8Odp5cd6dj0VrxlnOnMIfOJ8/WnaQsQ==</latexit>

m2
H

= M2 � g�,

<latexit sha1_base64="0yeB0YvRZhE39YQXvVgJZ9u5kmw=">AAAAAHicbVDLSgMxFM34rPU11aWbYBFcaMmMhbpRCm66ESrYB7TTIZNm2tDMgySjlLGf4saFIm79Enf+jZm2C209cOFwzr3ce48XcyYVQt/Gyura+sZmbiu/vbO7t28WDpoySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Y1uMr/1QIVkUXivxjF1AjwImc8IVlpyzULQs93a1W3PPh/AbjxkZ65ZRCWELirIhhnJAK1FUgRz1F3zq9uPSBLQUBGOpexYKFZOioVihNNJvptIGmMywgPa0TTEAZVOOj19Ak+00od+JHSFCk7V3xMpDqQcB57uDLAaykUvE//zOonyL52UhXGiaEhmi/yEQxXBLAfYZ4ISxceaYCKYvhWSIRaYKJ1WXoew9PIyadolq1xCd+Vi9XoeRw4cgWNwCixQAVVQA3XQAAQ8gmfwCt6MJ+PFeDc+Zq0rxnzmEPyB8fkDIoaSnA==</latexit>



New physics for Higgs mass

• Scale invariance

• Pion-like composite• Supersymmetry

• Discrete symmetries • Cosmological relaxation

f�1
<latexit sha1_base64="cOH6QorW8UgInbERHTJeXvJZn78=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRStuLFLx4rGDaQhvLZrtp126yYXcjlND/4MWDild/kDf/jdsPRK0PBh7vzTAzL0g4U9pxPq3cyura+kZ+s7C1vbO7V9w/aCqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0dXUbz1QqZiIb/U4oX6EBzELGcHaSM3wLjtzJ71iybGd2kXZcZEhlXK15iLXdmb4JiVYoNErfnT7gqQRjTXhWKmO6yTaz7DUjHA6KXRTRRNMRnhAO4bGOKLKz2bXTtCJUfooFNJUrNFM/TmR4UipcRSYzgjrofrrTcX/vE6qw6qfsThJNY3JfFGYcqQFmr6O+kxSovnYEEwkM7ciMsQSE20CKpgQll5eJt65XbPdm3KpfrlIIw9HcAyn4EIF6nANDfCAwD08wjO8WMJ6sl6tt3lrzlrMHMIvWO9f0NeO0Q==</latexit><latexit sha1_base64="cOH6QorW8UgInbERHTJeXvJZn78=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRStuLFLx4rGDaQhvLZrtp126yYXcjlND/4MWDild/kDf/jdsPRK0PBh7vzTAzL0g4U9pxPq3cyura+kZ+s7C1vbO7V9w/aCqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0dXUbz1QqZiIb/U4oX6EBzELGcHaSM3wLjtzJ71iybGd2kXZcZEhlXK15iLXdmb4JiVYoNErfnT7gqQRjTXhWKmO6yTaz7DUjHA6KXRTRRNMRnhAO4bGOKLKz2bXTtCJUfooFNJUrNFM/TmR4UipcRSYzgjrofrrTcX/vE6qw6qfsThJNY3JfFGYcqQFmr6O+kxSovnYEEwkM7ciMsQSE20CKpgQll5eJt65XbPdm3KpfrlIIw9HcAyn4EIF6nANDfCAwD08wjO8WMJ6sl6tt3lrzlrMHMIvWO9f0NeO0Q==</latexit><latexit sha1_base64="cOH6QorW8UgInbERHTJeXvJZn78=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRStuLFLx4rGDaQhvLZrtp126yYXcjlND/4MWDild/kDf/jdsPRK0PBh7vzTAzL0g4U9pxPq3cyura+kZ+s7C1vbO7V9w/aCqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0dXUbz1QqZiIb/U4oX6EBzELGcHaSM3wLjtzJ71iybGd2kXZcZEhlXK15iLXdmb4JiVYoNErfnT7gqQRjTXhWKmO6yTaz7DUjHA6KXRTRRNMRnhAO4bGOKLKz2bXTtCJUfooFNJUrNFM/TmR4UipcRSYzgjrofrrTcX/vE6qw6qfsThJNY3JfFGYcqQFmr6O+kxSovnYEEwkM7ciMsQSE20CKpgQll5eJt65XbPdm3KpfrlIIw9HcAyn4EIF6nANDfCAwD08wjO8WMJ6sl6tt3lrzlrMHMIvWO9f0NeO0Q==</latexit><latexit sha1_base64="cOH6QorW8UgInbERHTJeXvJZn78=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRStuLFLx4rGDaQhvLZrtp126yYXcjlND/4MWDild/kDf/jdsPRK0PBh7vzTAzL0g4U9pxPq3cyura+kZ+s7C1vbO7V9w/aCqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0dXUbz1QqZiIb/U4oX6EBzELGcHaSM3wLjtzJ71iybGd2kXZcZEhlXK15iLXdmb4JiVYoNErfnT7gqQRjTXhWKmO6yTaz7DUjHA6KXRTRRNMRnhAO4bGOKLKz2bXTtCJUfooFNJUrNFM/TmR4UipcRSYzgjrofrrTcX/vE6qw6qfsThJNY3JfFGYcqQFmr6O+kxSovnYEEwkM7ciMsQSE20CKpgQll5eJt65XbPdm3KpfrlIIw9HcAyn4EIF6nANDfCAwD08wjO8WMJ6sl6tt3lrzlrMHMIvWO9f0NeO0Q==</latexit>

MSUSY ⇠ 1TeV

<latexit sha1_base64="jtniuKEeUj7w2pD8k7OJAWaJbqQ=">AAAAAHicbVDLSgMxFM3UV62vqksRgkVwISUjRV1JwY0bodKndIYhk6ZtaDIzJBmhDLNy46+4caGIW7/BnX9jOu1CWw9cOJxzL/fe40ecKY3Qt5VbWl5ZXcuvFzY2t7Z3irt7LRXGktAmCXkoOz5WlLOANjXTnHYiSbHwOW37o+uJ336gUrEwaOhxRF2BBwHrM4K1kbzi4a2XOFLAerN+nzqKCWg7p5nSoK3UK5ZQ2UY2OrchKqMM0J4nJTBDzSt+Ob2QxIIGmnCsVNdGkXYTLDUjnKYFJ1Y0wmSEB7RraIAFVW6SvZHCY6P0YD+UpgINM/X3RIKFUmPhm06B9VDNexPxP68b6/6lm7AgijUNyHRRP+ZQh3CSCewxSYnmY0MwkczcCskQS0y0Sa5gQlh4eZG0zsp2pYzuKqXq1SyOPDgAR+AE2OACVMENqIEmIOARPINX8GY9WS/Wu/Uxbc1Zs5l98AfW5w/KPJgJ</latexit>

mh0 ⇠ mh, ⇤0
QCD ⇠ ⇤QCD

<latexit sha1_base64="bmIE/8fXxAUpiCLJLQSoJprJ4zo="></latexit>

m� ⌧ mh

<latexit sha1_base64="XMibLrfCKUBM3w94ttGb9HYZ8FA=">AAAAAHicbVDLSsNAFL2pr1pfVZduBovgKkxE1JUU3LisYB/QhDCZTpqhM0mcmRRK6Xe4caGIWz/GnX/j9LHQ1gMXDufcy733RLng2mD87ZTW1jc2t8rblZ3dvf2D6uFRS2eFoqxJM5GpTkQ0EzxlTcONYJ1cMSIjwdrR4G7qt4dMaZ6lj2aUs0CSfspjTomxUiBDP0+4LwSSYRJWa9j1sIevPIRdPAPylkkNFmiE1S+/l9FCstRQQbTuejg3wZgow6lgk4pfaJYTOiB91rU0JZLpYDw7eoLOrNJDcaZspQbN1N8TYyK1HsnIdkpiEr3sTcX/vG5h4ptgzNO8MCyl80VxIZDJ0DQB1OOKUSNGlhCquL0V0YQoQo3NqWJDWHl5lbQuXO/SxQ+XtfrtIo4ynMApnIMH11CHe2hAEyg8wTO8wpszdF6cd+dj3lpyFjPH8AfO5w+WRJH2</latexit>

m� ⌧ mh

<latexit sha1_base64="XMibLrfCKUBM3w94ttGb9HYZ8FA=">AAAAAHicbVDLSsNAFL2pr1pfVZduBovgKkxE1JUU3LisYB/QhDCZTpqhM0mcmRRK6Xe4caGIWz/GnX/j9LHQ1gMXDufcy733RLng2mD87ZTW1jc2t8rblZ3dvf2D6uFRS2eFoqxJM5GpTkQ0EzxlTcONYJ1cMSIjwdrR4G7qt4dMaZ6lj2aUs0CSfspjTomxUiBDP0+4LwSSYRJWa9j1sIevPIRdPAPylkkNFmiE1S+/l9FCstRQQbTuejg3wZgow6lgk4pfaJYTOiB91rU0JZLpYDw7eoLOrNJDcaZspQbN1N8TYyK1HsnIdkpiEr3sTcX/vG5h4ptgzNO8MCyl80VxIZDJ0DQB1OOKUSNGlhCquL0V0YQoQo3NqWJDWHl5lbQuXO/SxQ+XtfrtIo4ynMApnIMH11CHe2hAEyg8wTO8wpszdF6cd+dj3lpyFjPH8AfO5w+WRJH2</latexit>

Superparticles:

M⇢,T ⇠ TeV

<latexit sha1_base64="10U5XqMPEByj6y2Ni5W3txEXNCw=">AAAAAHicbVDLSsNAFJ3UV62vqDvdDBbBRSlJLdSVFNy4ESr0BU0Ik+mkHTqThJmJUELAjb/ixoUibv0Jd/6Nk7YLbT1w4cw59zL3Hj9mVCrL+jYKa+sbm1vF7dLO7t7+gXl41JVRIjDp4IhFou8jSRgNSUdRxUg/FgRxn5GeP7nJ/d4DEZJGYVtNY+JyNAppQDFSWvLMkzsvdcQ4qrQzR1IOnYp+ctgm3cwzy1bVsi4bVg3mJAe0l0kZLNDyzC9nGOGEk1BhhqQc2Fas3BQJRTEjWclJJIkRnqARGWgaIk6km85uyOC5VoYwiISuUMGZ+nsiRVzKKfd1J0dqLJe9XPzPGyQquHJTGsaJIiGefxQkDKoI5oHAIRUEKzbVBGFB9a4Qj5FAWOnYSjqElZNXSbdWtetV675ebl4v4iiCU3AGLoANGqAJbkELdAAGj+AZvII348l4Md6Nj3lrwVjMHIM/MD5/ACv0lzM=</latexit>

Rho-like/top partner:

Higgs-like 
light scalar:

Axion-like relaxion:Neutral partners:



SUSY at LHC



Other new physics at LHC

No evidence for new 
physics at a few TeV 

at the LHC!

Have we missed 
something or do we 

need new ideas?



Visible Matter



It is important to understand the 
evolution of the Universe as a 

whole in cosmological time scales.

Microscopic parameters in the 
Standard Model might be generated, 
because of inflation and cosmological 

dynamics before BBN.



Cosmological relaxation

V = �g� : m2
H

> 0

<latexit sha1_base64="ouugdBXEg4qVvuf96pN2Kdkj6j8=">AAAAAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaS1KIiWApuuqxgH9DEMJlM2qGTSZyZCCV046+4caGIWz/DnX/j9LHQ1gMXDufcy733+AmjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29loxTgUkTxywWHR9JwignTUUVI51EEBT5jLT9wc3Ybz8SIWnM79QwIW6EepyGFCOlJc88aF2f9pykT6+g85CiAEb3Za9etTyzaJUsu2ydn0FNJoD2PCmCGRqe+eUEMU4jwhVmSMqubSXKzZBQFDMyKjipJAnCA9QjXU05ioh0s8kDI3islQCGsdDFFZyovycyFEk5jHzdGSHVl/PeWPzP66YqvHQzypNUEY6ni8KUQRXDcRowoIJgxYaaICyovhXiPhIIK51ZQYew8PIiaZVLdqVk3VaKteosjjw4BEfgBNjgAtRAHTRAE2AwAs/gFbwZT8aL8W58TFtzxmxmH/yB8fkDXUOU9A==</latexit>

EWSB

� :

<latexit sha1_base64="0xJ/N6kOsGcMSGrO4ovhCNMlfR0=">AAAAAHicdVBNSwMxEJ2tX7V+VT16CRbBU8lK69dBCl48VnDbQruUbJptQ7PZJckKZelv8OJBEa/+IG/+G9NtBRV9MPB4b4aZeUEiuDYYfziFpeWV1bXiemljc2t7p7y719JxqijzaCxi1QmIZoJL5hluBOskipEoEKwdjK9nfvueKc1jeWcmCfMjMpQ85JQYK3m9ZMQv++UKrmKLeh3lxD29yImL6zXk5hbGFVig2S+/9wYxTSMmDRVE666LE+NnRBlOBZuWeqlmCaFjMmRdSyWJmPaz/NgpOrLKAIWxsiUNytXvExmJtJ5Ege2MiBnp395M/MvrpiY89zMuk9QwSeeLwlQgE6PZ52jAFaNGTCwhVHF7K6Ijogg1Np+SDeHrU/Q/aZ1U3VoV39YqjatFHEU4gEM4BhfOoAE30AQPKHB4gCd4dqTz6Lw4r/PWgrOY2YcfcN4+AcWWjqY=</latexit>

Axion-like scalar

V 0 = �g + V 0
QCD = 0

<latexit sha1_base64="2ovt97XYfgDc+/PlNPVnhoE+Eu4=">AAAAAHicdVDLSgMxFM34rPU1PnZugkUqiCUjrY9FpVAXLluw00I7DJk0bUMzD5KMUIfir7hxoYhb/8Odf2M6raCiBy4czrmXe+/xIs6kQujDmJtfWFxazqxkV9fWNzbNrW1bhrEgtEFCHoqWhyXlLKANxRSnrUhQ7HucNr1hdeI3b6mQLAxu1Ciijo/7AesxgpWWXHPXzpeP+0d23k06wof16tW4jFwzhwpIo1SCKbFOL1JioVIRWqmFUA7MUHPN9043JLFPA0U4lrJtoUg5CRaKEU7H2U4saYTJEPdpW9MA+1Q6SXr9GB5opQt7odAVKJiq3ycS7Es58j3d6WM1kL+9ifiX145V79xJWBDFigZkuqgXc6hCOIkCdpmgRPGRJpgIpm+FZIAFJkoHltUhfH0K/yf2ScEqFlC9mKtczuLIgD2wDw6BBc5ABVyDGmgAAu7AA3gCz8a98Wi8GK/T1jljNrMDfsB4+wTNEpOD</latexit>

m2
H

= M2 � g�

<latexit sha1_base64="2oV99LayEPq8yFyzuZ9MovUchnM=">AAAAAHicbVDLSsNAFJ34rPUV69LNYBHcWJJYqBul4KYboYJ9QJuGyXTSDp1MwsxELCG/4saFIm79EXf+jZO2C209cOFwzr3ce48fMyqVZX0ba+sbm1vbhZ3i7t7+waF5VGrLKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ix5/c5n7nkQhJI/6gpjFxQzTiNKAYKS15ZikcOF7ayK7vBs7FCPbjMfXMslWxrMua5cCc5ID2MimDBZqe+dUfRjgJCVeYISl7thUrN0VCUcxIVuwnksQIT9CI9DTlKCTSTWe3Z/BMK0MYREIXV3Cm/p5IUSjlNPR1Z4jUWC57ufif10tUcOWmlMeJIhzPFwUJgyqCeRBwSAXBik01QVhQfSvEYyQQVjquog5h5eVV0nYqdrVi3VfL9ZtFHAVwAk7BObBBDdRBAzRBC2DwBJ7BK3gzMuPFeDc+5q1rxmLmGPyB8fkDhneTcg==</latexit>

VQCD = ⇤4 cos
⇣�
f

⌘

<latexit sha1_base64="c6DHDD4AEnX1bcU0bA7IP0ZqWNg="></latexit>

V = �g�+ VQCD : m2
H

< 0

<latexit sha1_base64="ywxZJQJ8ffei5gBfsJ/N4Y4mET8=">AAAAAHicbVDLSgMxFM3UV62vqks3oUUQrGWmlFpFpVAXXbZgH9CpQyZN29BkZkgyQhm6d+OvuHGhiFt/wJ1/Y/pYaOuBC4dz7uXee9yAUalM89uIrayurW/ENxNb2zu7e8n9g4b0Q4FJHfvMFy0XScKoR+qKKkZagSCIu4w03WF54jcfiJDU9+7UKCAdjvoe7VGMlJacZKpxfda3gwGFpw0nsgWHtfLt+NLO2BnI73NO5cp0kmkze1Eo5goWNLPmFNBaJGkwR9VJftldH4eceAozJGXbMgPViZBQFDMyTtihJAHCQ9QnbU09xInsRNNfxvBYK13Y84UuT8Gp+nsiQlzKEXd1J0dqIBe9ifif1w5Vr9iJqBeEinh4tqgXMqh8OAkGdqkgWLGRJggLqm+FeIAEwkrHl9AhLL28TBq5rJXPmrV8unQzjyMOjkAKnAALnIMSqIAqqAMMHsEzeAVvxpPxYrwbH7PWmDGfOQR/YHz+ABwrmIg=</latexit>

, ⇤4 = yqh⇤
3
QCD

<latexit sha1_base64="avJOWiBV+YV+QQjKcvjP5L/H9mg=">AAAAAHicbVDLSgMxFM34rPU16tJNsAhdSJnRgm6UQl24cNGCfUBnHDKZTBuaeZhkhGHoL7jxV9y4UMStO3f+jZm2graeEDg59x5u7nFjRoU0jC9tYXFpeWW1sFZc39jc2tZ3dtsiSjgmLRyxiHddJAijIWlJKhnpxpygwGWk4w7reb1zT7igUXgj05jYAeqH1KcYSSU5evnIys+1cnjotnqeOndwAH/eJ05m8QA265cjRy8ZFWMMOE/MKSmBKRqO/ml5EU4CEkrMkBA904ilnSEuKWZkVLQSQWKEh6hPeoqGKCDCzsYbjeChUjzoR1zdUMKx+tuRoUCINHBVZ4DkQMzWcvG/Wi+R/pmd0TBOJAnxZJCfMCgjmMcDPcoJlixVBGFO1V8hHiCOsFQhFlUI5uzK86R9XDGrFaNZLdUupnEUwD44AGVgglNQA1egAVoAgwfwBF7Aq/aoPWtv2vukdUGbevbAH2gf33vDm4s=</latexit>

Higgs mass scans 
during inflation.

[P. Graham et al, 2015]



Four-form and Higgs mass

�M2
e↵

M2
<latexit sha1_base64="wfGZlum+9fa+p/OPQLlzztR2X9Y=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBbBjSUphepGCm7cCBWMLTQxTKaTduhkEmYmQgkBN/6KGxcqbv0Kd/6Nk7YLbT1w4cw59zL3niBhVCrL+jZKS8srq2vl9crG5tb2jrm7dyfjVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF0WfueBCEljfqvGCfEiNOA0pBgpLfnmwakbCoSz6/u6n7kigiQM87x45r5ZtWpW02o2bKjJBNCeJ1UwQ9s3v9x+jNOIcIUZkrJnW4nyMiQUxYzkFTeVJEF4hAakpylHEZFeNrkhh8da6cMwFrq4ghP190SGIinHUaA7I6SGct4rxP+8XqrCMy+jPEkV4Xj6UZgyqGJYBAL7VBCs2FgThAXVu0I8RDoTpWOr6BAWTl4kTr12XrNvGtXWxSyNMjgER+AE2KAJWuAKtIEDMHgEz+AVvBlPxovxbnxMW0vGbGYf/IHx+QPwkpdF</latexit><latexit sha1_base64="wfGZlum+9fa+p/OPQLlzztR2X9Y=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBbBjSUphepGCm7cCBWMLTQxTKaTduhkEmYmQgkBN/6KGxcqbv0Kd/6Nk7YLbT1w4cw59zL3niBhVCrL+jZKS8srq2vl9crG5tb2jrm7dyfjVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF0WfueBCEljfqvGCfEiNOA0pBgpLfnmwakbCoSz6/u6n7kigiQM87x45r5ZtWpW02o2bKjJBNCeJ1UwQ9s3v9x+jNOIcIUZkrJnW4nyMiQUxYzkFTeVJEF4hAakpylHEZFeNrkhh8da6cMwFrq4ghP190SGIinHUaA7I6SGct4rxP+8XqrCMy+jPEkV4Xj6UZgyqGJYBAL7VBCs2FgThAXVu0I8RDoTpWOr6BAWTl4kTr12XrNvGtXWxSyNMjgER+AE2KAJWuAKtIEDMHgEz+AVvBlPxovxbnxMW0vGbGYf/IHx+QPwkpdF</latexit><latexit sha1_base64="wfGZlum+9fa+p/OPQLlzztR2X9Y=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBbBjSUphepGCm7cCBWMLTQxTKaTduhkEmYmQgkBN/6KGxcqbv0Kd/6Nk7YLbT1w4cw59zL3niBhVCrL+jZKS8srq2vl9crG5tb2jrm7dyfjVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF0WfueBCEljfqvGCfEiNOA0pBgpLfnmwakbCoSz6/u6n7kigiQM87x45r5ZtWpW02o2bKjJBNCeJ1UwQ9s3v9x+jNOIcIUZkrJnW4nyMiQUxYzkFTeVJEF4hAakpylHEZFeNrkhh8da6cMwFrq4ghP190SGIinHUaA7I6SGct4rxP+8XqrCMy+jPEkV4Xj6UZgyqGJYBAL7VBCs2FgThAXVu0I8RDoTpWOr6BAWTl4kTr12XrNvGtXWxSyNMjgER+AE2KAJWuAKtIEDMHgEz+AVvBlPxovxbnxMW0vGbGYf/IHx+QPwkpdF</latexit><latexit sha1_base64="wfGZlum+9fa+p/OPQLlzztR2X9Y=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBbBjSUphepGCm7cCBWMLTQxTKaTduhkEmYmQgkBN/6KGxcqbv0Kd/6Nk7YLbT1w4cw59zL3niBhVCrL+jZKS8srq2vl9crG5tb2jrm7dyfjVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF0WfueBCEljfqvGCfEiNOA0pBgpLfnmwakbCoSz6/u6n7kigiQM87x45r5ZtWpW02o2bKjJBNCeJ1UwQ9s3v9x+jNOIcIUZkrJnW4nyMiQUxYzkFTeVJEF4hAakpylHEZFeNrkhh8da6cMwFrq4ghP190SGIinHUaA7I6SGct4rxP+8XqrCMy+jPEkV4Xj6UZgyqGJYBAL7VBCs2FgThAXVu0I8RDoTpWOr6BAWTl4kTr12XrNvGtXWxSyNMjgER+AE2KAJWuAKtIEDMHgEz+AVvBlPxovxbnxMW0vGbGYf/IHx+QPwkpdF</latexit>

q = qc � e
<latexit sha1_base64="aTESH+bZGLvqEqBvGj6AMlJD5Jk=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAIbixJlWgXSsGNywrGFtpQJtObduhkks5MhBL6EG5cqLj1fdz5Nk7aCip6YODj3HuZe0+QcKa0bX9YC4tLyyurhbXi+sbm1nZpZ/dOxamk4NGYx7IVEAWcCfA00xxaiQQSBRyawfAqrzfvQSoWi1s9TsCPSF+wkFGijdUcXYy69Bi6pbJdsW3bdWt4Co7rzMA9qWInB6MymqvRLb13ejFNIxCacqJU27ET7WdEakY5TIqdVEFC6JD0oW1QkAiUn03XneBD4/RwGEvzhMZT9/tERiKlxlFgOiOiB+p3LTf/qrVTHZ77GRNJqkHQ2UdhyrGOcX477jEJVPOxAUIlM7tiOiCSUG0SKpoQvi7F/4NXrdQqzs1puX45T6OA9tEBOkIOOkN1dI0ayEMUDdEDekLPVmI9Wi/W66x1wZrP7KEfst4+AXEOjys=</latexit><latexit sha1_base64="aTESH+bZGLvqEqBvGj6AMlJD5Jk=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAIbixJlWgXSsGNywrGFtpQJtObduhkks5MhBL6EG5cqLj1fdz5Nk7aCip6YODj3HuZe0+QcKa0bX9YC4tLyyurhbXi+sbm1nZpZ/dOxamk4NGYx7IVEAWcCfA00xxaiQQSBRyawfAqrzfvQSoWi1s9TsCPSF+wkFGijdUcXYy69Bi6pbJdsW3bdWt4Co7rzMA9qWInB6MymqvRLb13ejFNIxCacqJU27ET7WdEakY5TIqdVEFC6JD0oW1QkAiUn03XneBD4/RwGEvzhMZT9/tERiKlxlFgOiOiB+p3LTf/qrVTHZ77GRNJqkHQ2UdhyrGOcX477jEJVPOxAUIlM7tiOiCSUG0SKpoQvi7F/4NXrdQqzs1puX45T6OA9tEBOkIOOkN1dI0ayEMUDdEDekLPVmI9Wi/W66x1wZrP7KEfst4+AXEOjys=</latexit><latexit sha1_base64="aTESH+bZGLvqEqBvGj6AMlJD5Jk=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAIbixJlWgXSsGNywrGFtpQJtObduhkks5MhBL6EG5cqLj1fdz5Nk7aCip6YODj3HuZe0+QcKa0bX9YC4tLyyurhbXi+sbm1nZpZ/dOxamk4NGYx7IVEAWcCfA00xxaiQQSBRyawfAqrzfvQSoWi1s9TsCPSF+wkFGijdUcXYy69Bi6pbJdsW3bdWt4Co7rzMA9qWInB6MymqvRLb13ejFNIxCacqJU27ET7WdEakY5TIqdVEFC6JD0oW1QkAiUn03XneBD4/RwGEvzhMZT9/tERiKlxlFgOiOiB+p3LTf/qrVTHZ77GRNJqkHQ2UdhyrGOcX477jEJVPOxAUIlM7tiOiCSUG0SKpoQvi7F/4NXrdQqzs1puX45T6OA9tEBOkIOOkN1dI0ayEMUDdEDekLPVmI9Wi/W66x1wZrP7KEfst4+AXEOjys=</latexit><latexit sha1_base64="aTESH+bZGLvqEqBvGj6AMlJD5Jk=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAIbixJlWgXSsGNywrGFtpQJtObduhkks5MhBL6EG5cqLj1fdz5Nk7aCip6YODj3HuZe0+QcKa0bX9YC4tLyyurhbXi+sbm1nZpZ/dOxamk4NGYx7IVEAWcCfA00xxaiQQSBRyawfAqrzfvQSoWi1s9TsCPSF+wkFGijdUcXYy69Bi6pbJdsW3bdWt4Co7rzMA9qWInB6MymqvRLb13ejFNIxCacqJU27ET7WdEakY5TIqdVEFC6JD0oW1QkAiUn03XneBD4/RwGEvzhMZT9/tERiKlxlFgOiOiB+p3LTf/qrVTHZ77GRNJqkHQ2UdhyrGOcX477jEJVPOxAUIlM7tiOiCSUG0SKpoQvi7F/4NXrdQqzs1puX45T6OA9tEBOkIOOkN1dI0ayEMUDdEDekLPVmI9Wi/W66x1wZrP7KEfst4+AXEOjys=</latexit>

q = qc
<latexit sha1_base64="Vym0Lf+g1+8D9LfimKgfQvs2keM=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4KokVaJdKAU3LisYW2hDmUwn7dDJJJ2ZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6wCkvLK6trxfXSxubW9k55d+9Oxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6yuuteyoVi8WtniTUj/BAsJARrI3ljS/GPdIrV+yqbduuW0czcFxnDu5JDTk5GFVgoWav/N7txySNqNCEY6U6jp1oP8NSM8LptNRNFU0wGeEB7RgUOKLKz2bLTtGRcfoojKV5QqOZ+30iw5FSkygwnRHWQ/W7lpt/1TqpDs/9jIkk1VSQ+UdhypGOUX456jNJieYTA5hIZnZFZIglJtrkUzIhfF2K/gevVq1XnZvTSuNykUYRDuAQjsGBM2jANTTBAwIMHuAJni1hPVov1uu8tWAtZvbhh6y3T0aCjoU=</latexit><latexit sha1_base64="Vym0Lf+g1+8D9LfimKgfQvs2keM=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4KokVaJdKAU3LisYW2hDmUwn7dDJJJ2ZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6wCkvLK6trxfXSxubW9k55d+9Oxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6yuuteyoVi8WtniTUj/BAsJARrI3ljS/GPdIrV+yqbduuW0czcFxnDu5JDTk5GFVgoWav/N7txySNqNCEY6U6jp1oP8NSM8LptNRNFU0wGeEB7RgUOKLKz2bLTtGRcfoojKV5QqOZ+30iw5FSkygwnRHWQ/W7lpt/1TqpDs/9jIkk1VSQ+UdhypGOUX456jNJieYTA5hIZnZFZIglJtrkUzIhfF2K/gevVq1XnZvTSuNykUYRDuAQjsGBM2jANTTBAwIMHuAJni1hPVov1uu8tWAtZvbhh6y3T0aCjoU=</latexit><latexit sha1_base64="Vym0Lf+g1+8D9LfimKgfQvs2keM=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4KokVaJdKAU3LisYW2hDmUwn7dDJJJ2ZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6wCkvLK6trxfXSxubW9k55d+9Oxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6yuuteyoVi8WtniTUj/BAsJARrI3ljS/GPdIrV+yqbduuW0czcFxnDu5JDTk5GFVgoWav/N7txySNqNCEY6U6jp1oP8NSM8LptNRNFU0wGeEB7RgUOKLKz2bLTtGRcfoojKV5QqOZ+30iw5FSkygwnRHWQ/W7lpt/1TqpDs/9jIkk1VSQ+UdhypGOUX456jNJieYTA5hIZnZFZIglJtrkUzIhfF2K/gevVq1XnZvTSuNykUYRDuAQjsGBM2jANTTBAwIMHuAJni1hPVov1uu8tWAtZvbhh6y3T0aCjoU=</latexit><latexit sha1_base64="Vym0Lf+g1+8D9LfimKgfQvs2keM=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4KokVaJdKAU3LisYW2hDmUwn7dDJJJ2ZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6wCkvLK6trxfXSxubW9k55d+9Oxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6yuuteyoVi8WtniTUj/BAsJARrI3ljS/GPdIrV+yqbduuW0czcFxnDu5JDTk5GFVgoWav/N7txySNqNCEY6U6jp1oP8NSM8LptNRNFU0wGeEB7RgUOKLKz2bLTtGRcfoojKV5QqOZ+30iw5FSkygwnRHWQ/W7lpt/1TqpDs/9jIkk1VSQ+UdhypGOUX456jNJieYTA5hIZnZFZIglJtrkUzIhfF2K/gevVq1XnZvTSuNykUYRDuAQjsGBM2jANTTBAwIMHuAJni1hPVov1uu8tWAtZvbhh6y3T0aCjoU=</latexit>

⇤e↵

M4
<latexit sha1_base64="wphXk0vyHY2Fehf/aYs4NCvoNfg=">AAACBXicdVDLSsNAFJ34rPUVdSnCYBFclURbtBspuHGhUMHaQhPDZDJph84kYWYilJCVG3/FjQsVt/6DO//G6UOsogcuHM65h5l7/IRRqSzrw5iZnZtfWCwsFZdXVtfWzY3NaxmnApMmjlks2j6ShNGINBVVjLQTQRD3GWn5/dOh37olQtI4ulKDhLgcdSMaUoyUljxzxwkFwplzriMB8jJHcEjCMM+zi5tK7pklu2yNAK1vUqtWDu0q/LJKYIKGZ747QYxTTiKFGZKyY1uJcjMkFMWM5EUnlSRBuI+6pKNphDiRbjY6I4d7WglgGAs9kYIjdTqRIS7lgPt6kyPVk7+9ofiX10lVeOxmNEpSRSI8fihMGVQxHHYCAyoIVmygCcKC6r9C3EO6F6WbK06X8D9pHpRrZfuyUqqfTNoogG2wC/aBDY5AHZyBBmgCDO7AA3gCz8a98Wi8GK/j1RljktkCP2C8fQL2upkA</latexit><latexit sha1_base64="wphXk0vyHY2Fehf/aYs4NCvoNfg=">AAACBXicdVDLSsNAFJ34rPUVdSnCYBFclURbtBspuHGhUMHaQhPDZDJph84kYWYilJCVG3/FjQsVt/6DO//G6UOsogcuHM65h5l7/IRRqSzrw5iZnZtfWCwsFZdXVtfWzY3NaxmnApMmjlks2j6ShNGINBVVjLQTQRD3GWn5/dOh37olQtI4ulKDhLgcdSMaUoyUljxzxwkFwplzriMB8jJHcEjCMM+zi5tK7pklu2yNAK1vUqtWDu0q/LJKYIKGZ747QYxTTiKFGZKyY1uJcjMkFMWM5EUnlSRBuI+6pKNphDiRbjY6I4d7WglgGAs9kYIjdTqRIS7lgPt6kyPVk7+9ofiX10lVeOxmNEpSRSI8fihMGVQxHHYCAyoIVmygCcKC6r9C3EO6F6WbK06X8D9pHpRrZfuyUqqfTNoogG2wC/aBDY5AHZyBBmgCDO7AA3gCz8a98Wi8GK/j1RljktkCP2C8fQL2upkA</latexit><latexit sha1_base64="wphXk0vyHY2Fehf/aYs4NCvoNfg=">AAACBXicdVDLSsNAFJ34rPUVdSnCYBFclURbtBspuHGhUMHaQhPDZDJph84kYWYilJCVG3/FjQsVt/6DO//G6UOsogcuHM65h5l7/IRRqSzrw5iZnZtfWCwsFZdXVtfWzY3NaxmnApMmjlks2j6ShNGINBVVjLQTQRD3GWn5/dOh37olQtI4ulKDhLgcdSMaUoyUljxzxwkFwplzriMB8jJHcEjCMM+zi5tK7pklu2yNAK1vUqtWDu0q/LJKYIKGZ747QYxTTiKFGZKyY1uJcjMkFMWM5EUnlSRBuI+6pKNphDiRbjY6I4d7WglgGAs9kYIjdTqRIS7lgPt6kyPVk7+9ofiX10lVeOxmNEpSRSI8fihMGVQxHHYCAyoIVmygCcKC6r9C3EO6F6WbK06X8D9pHpRrZfuyUqqfTNoogG2wC/aBDY5AHZyBBmgCDO7AA3gCz8a98Wi8GK/j1RljktkCP2C8fQL2upkA</latexit><latexit sha1_base64="wphXk0vyHY2Fehf/aYs4NCvoNfg=">AAACBXicdVDLSsNAFJ34rPUVdSnCYBFclURbtBspuHGhUMHaQhPDZDJph84kYWYilJCVG3/FjQsVt/6DO//G6UOsogcuHM65h5l7/IRRqSzrw5iZnZtfWCwsFZdXVtfWzY3NaxmnApMmjlks2j6ShNGINBVVjLQTQRD3GWn5/dOh37olQtI4ulKDhLgcdSMaUoyUljxzxwkFwplzriMB8jJHcEjCMM+zi5tK7pklu2yNAK1vUqtWDu0q/LJKYIKGZ747QYxTTiKFGZKyY1uJcjMkFMWM5EUnlSRBuI+6pKNphDiRbjY6I4d7WglgGAs9kYIjdTqRIS7lgPt6kyPVk7+9ofiX10lVeOxmNEpSRSI8fihMGVQxHHYCAyoIVmygCcKC6r9C3EO6F6WbK06X8D9pHpRrZfuyUqqfTNoogG2wC/aBDY5AHZyBBmgCDO7AA3gCz8a98Wi8GK/j1RljktkCP2C8fQL2upkA</latexit>

⇤e↵ ⇡ 0
<latexit sha1_base64="5kYiHU6zY9RVwLSEZ+u8+AGGn3U=">AAACAnicdVDLSsNAFJ3UV62vqDvdDBbBVUm0RbuRghsXLioYW2hCmEwm7dBJMsxMxBIKbvwVNy5U3PoV7vwbpw+xih64cDjnXGbuCTijUlnWh1GYm19YXCoul1ZW19Y3zM2ta5lmAhMHpywV7QBJwmhCHEUVI20uCIoDRlpB/2zkt26IkDRNrtSAEy9G3YRGFCOlJd/ccS90OER+7ooYkigauohzkd5CyzfLdsUaA1rfpF6rHtk1+GWVwRRN33x3wxRnMUkUZkjKjm1x5eVIKIoZGZbcTBKOcB91SUfTBMVEevn4hiHc10oIo1ToSRQcq7MbOYqlHMSBTsZI9eRvbyT+5XUyFZ14OU14pkiCJw9FGYMqhaNCYEgFwYoNNEFYUP1XiHtIIKx0baXZEv4nzmGlXrEvq+XG6bSNItgFe+AA2OAYNMA5aAIHYHAHHsATeDbujUfjxXidRAvGdGcb/IDx9gkei5dh</latexit><latexit sha1_base64="5kYiHU6zY9RVwLSEZ+u8+AGGn3U=">AAACAnicdVDLSsNAFJ3UV62vqDvdDBbBVUm0RbuRghsXLioYW2hCmEwm7dBJMsxMxBIKbvwVNy5U3PoV7vwbpw+xih64cDjnXGbuCTijUlnWh1GYm19YXCoul1ZW19Y3zM2ta5lmAhMHpywV7QBJwmhCHEUVI20uCIoDRlpB/2zkt26IkDRNrtSAEy9G3YRGFCOlJd/ccS90OER+7ooYkigauohzkd5CyzfLdsUaA1rfpF6rHtk1+GWVwRRN33x3wxRnMUkUZkjKjm1x5eVIKIoZGZbcTBKOcB91SUfTBMVEevn4hiHc10oIo1ToSRQcq7MbOYqlHMSBTsZI9eRvbyT+5XUyFZ14OU14pkiCJw9FGYMqhaNCYEgFwYoNNEFYUP1XiHtIIKx0baXZEv4nzmGlXrEvq+XG6bSNItgFe+AA2OAYNMA5aAIHYHAHHsATeDbujUfjxXidRAvGdGcb/IDx9gkei5dh</latexit><latexit sha1_base64="5kYiHU6zY9RVwLSEZ+u8+AGGn3U=">AAACAnicdVDLSsNAFJ3UV62vqDvdDBbBVUm0RbuRghsXLioYW2hCmEwm7dBJMsxMxBIKbvwVNy5U3PoV7vwbpw+xih64cDjnXGbuCTijUlnWh1GYm19YXCoul1ZW19Y3zM2ta5lmAhMHpywV7QBJwmhCHEUVI20uCIoDRlpB/2zkt26IkDRNrtSAEy9G3YRGFCOlJd/ccS90OER+7ooYkigauohzkd5CyzfLdsUaA1rfpF6rHtk1+GWVwRRN33x3wxRnMUkUZkjKjm1x5eVIKIoZGZbcTBKOcB91SUfTBMVEevn4hiHc10oIo1ToSRQcq7MbOYqlHMSBTsZI9eRvbyT+5XUyFZ14OU14pkiCJw9FGYMqhaNCYEgFwYoNNEFYUP1XiHtIIKx0baXZEv4nzmGlXrEvq+XG6bSNItgFe+AA2OAYNMA5aAIHYHAHHsATeDbujUfjxXidRAvGdGcb/IDx9gkei5dh</latexit><latexit sha1_base64="5kYiHU6zY9RVwLSEZ+u8+AGGn3U=">AAACAnicdVDLSsNAFJ3UV62vqDvdDBbBVUm0RbuRghsXLioYW2hCmEwm7dBJMsxMxBIKbvwVNy5U3PoV7vwbpw+xih64cDjnXGbuCTijUlnWh1GYm19YXCoul1ZW19Y3zM2ta5lmAhMHpywV7QBJwmhCHEUVI20uCIoDRlpB/2zkt26IkDRNrtSAEy9G3YRGFCOlJd/ccS90OER+7ooYkigauohzkd5CyzfLdsUaA1rfpF6rHtk1+GWVwRRN33x3wxRnMUkUZkjKjm1x5eVIKIoZGZbcTBKOcB91SUfTBMVEevn4hiHc10oIo1ToSRQcq7MbOYqlHMSBTsZI9eRvbyT+5XUyFZ14OU14pkiCJw9FGYMqhaNCYEgFwYoNNEFYUP1XiHtIIKx0baXZEv4nzmGlXrEvq+XG6bSNItgFe+AA2OAYNMA5aAIHYHAHHsATeDbujUfjxXidRAvGdGcb/IDx9gkei5dh</latexit>

(M2
e↵ = 0)

<latexit sha1_base64="Ff0IdaZyKpC3VEkePLHQFHEqccY=">AAAB+XicdVDLSsNAFJ3UV62vVJduBotQNyUp0jYLpeDGjVDB2EIbw2Q6aYfOJGFmopTYT3HjQsWtf+LOv3H6EFT0wIXDOfdy7z1BwqhUlvVh5JaWV1bX8uuFjc2t7R2zuHst41Rg4uKYxaITIEkYjYirqGKkkwiCeMBIOxidTf32LRGSxtGVGifE42gQ0ZBipLTkm8XyxU3Vz3qCQxKGkxPryDdLVsWq1xu2AzWZQROnVrMaDrQXSgks0PLN914/xiknkcIMSdm1rUR5GRKKYkYmhV4qSYLwCA1IV9MIcSK9bHb6BB5qpQ/DWOiKFJyp3ycyxKUc80B3cqSG8rc3Ff/yuqkKG15GoyRVJMLzRWHKoIrhNAfYp4JgxcaaICyovhXiIRIIK51WQYfw9Sn8n7jVilOxL49LzdNFGnmwDw5AGdigDprgHLSACzC4Aw/gCTwb98aj8WK8zltzxmJmD/yA8fYJRECS6Q==</latexit><latexit sha1_base64="Ff0IdaZyKpC3VEkePLHQFHEqccY=">AAAB+XicdVDLSsNAFJ3UV62vVJduBotQNyUp0jYLpeDGjVDB2EIbw2Q6aYfOJGFmopTYT3HjQsWtf+LOv3H6EFT0wIXDOfdy7z1BwqhUlvVh5JaWV1bX8uuFjc2t7R2zuHst41Rg4uKYxaITIEkYjYirqGKkkwiCeMBIOxidTf32LRGSxtGVGifE42gQ0ZBipLTkm8XyxU3Vz3qCQxKGkxPryDdLVsWq1xu2AzWZQROnVrMaDrQXSgks0PLN914/xiknkcIMSdm1rUR5GRKKYkYmhV4qSYLwCA1IV9MIcSK9bHb6BB5qpQ/DWOiKFJyp3ycyxKUc80B3cqSG8rc3Ff/yuqkKG15GoyRVJMLzRWHKoIrhNAfYp4JgxcaaICyovhXiIRIIK51WQYfw9Sn8n7jVilOxL49LzdNFGnmwDw5AGdigDprgHLSACzC4Aw/gCTwb98aj8WK8zltzxmJmD/yA8fYJRECS6Q==</latexit><latexit sha1_base64="Ff0IdaZyKpC3VEkePLHQFHEqccY=">AAAB+XicdVDLSsNAFJ3UV62vVJduBotQNyUp0jYLpeDGjVDB2EIbw2Q6aYfOJGFmopTYT3HjQsWtf+LOv3H6EFT0wIXDOfdy7z1BwqhUlvVh5JaWV1bX8uuFjc2t7R2zuHst41Rg4uKYxaITIEkYjYirqGKkkwiCeMBIOxidTf32LRGSxtGVGifE42gQ0ZBipLTkm8XyxU3Vz3qCQxKGkxPryDdLVsWq1xu2AzWZQROnVrMaDrQXSgks0PLN914/xiknkcIMSdm1rUR5GRKKYkYmhV4qSYLwCA1IV9MIcSK9bHb6BB5qpQ/DWOiKFJyp3ycyxKUc80B3cqSG8rc3Ff/yuqkKG15GoyRVJMLzRWHKoIrhNAfYp4JgxcaaICyovhXiIRIIK51WQYfw9Sn8n7jVilOxL49LzdNFGnmwDw5AGdigDprgHLSACzC4Aw/gCTwb98aj8WK8zltzxmJmD/yA8fYJRECS6Q==</latexit><latexit sha1_base64="Ff0IdaZyKpC3VEkePLHQFHEqccY=">AAAB+XicdVDLSsNAFJ3UV62vVJduBotQNyUp0jYLpeDGjVDB2EIbw2Q6aYfOJGFmopTYT3HjQsWtf+LOv3H6EFT0wIXDOfdy7z1BwqhUlvVh5JaWV1bX8uuFjc2t7R2zuHst41Rg4uKYxaITIEkYjYirqGKkkwiCeMBIOxidTf32LRGSxtGVGifE42gQ0ZBipLTkm8XyxU3Vz3qCQxKGkxPryDdLVsWq1xu2AzWZQROnVrMaDrQXSgks0PLN914/xiknkcIMSdm1rUR5GRKKYkYmhV4qSYLwCA1IV9MIcSK9bHb6BB5qpQ/DWOiKFJyp3ycyxKUc80B3cqSG8rc3Ff/yuqkKG15GoyRVJMLzRWHKoIrhNAfYp4JgxcaaICyovhXiIRIIK51WQYfw9Sn8n7jVilOxL49LzdNFGnmwDw5AGdigDprgHLSACzC4Aw/gCTwb98aj8WK8zltzxmJmD/yA8fYJRECS6Q==</latexit>

q/M2
<latexit sha1_base64="VFYdZuWKqorILypfbDnBS/GEVP0=">AAAB63icdZDNSsNAFIVv/K31r+rSzWARXNWkSrQbKbhxI1QwttDGMplO2qGTSZyZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6w5uYXFpeWCyvF1bX1jc3S1vaNilNJqEdiHstWgBXlTFBPM81pK5EURwGnzWB4nteb91QqFotrPUqoH+G+YCEjWBvLuzu8vK12S2W7Ytu269bQBBzXmYJ7VEVODkZlmKnRLb13ejFJIyo04ViptmMn2s+w1IxwOi52UkUTTIa4T9sGBY6o8rPJsmO0b5weCmNpntBo4n6fyHCk1CgKTGeE9UD9ruXmX7V2qsNTP2MiSTUVZPpRmHKkY5RfjnpMUqL5yAAmkpldERlgiYk2+RRNCF+Xov/Bq1ZqFefquFw/m6VRgF3YgwNw4ATqcAEN8IAAgwd4gmdLWI/Wi/U6bZ2zZjM78EPW2yeu1I4h</latexit><latexit sha1_base64="VFYdZuWKqorILypfbDnBS/GEVP0=">AAAB63icdZDNSsNAFIVv/K31r+rSzWARXNWkSrQbKbhxI1QwttDGMplO2qGTSZyZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6w5uYXFpeWCyvF1bX1jc3S1vaNilNJqEdiHstWgBXlTFBPM81pK5EURwGnzWB4nteb91QqFotrPUqoH+G+YCEjWBvLuzu8vK12S2W7Ytu269bQBBzXmYJ7VEVODkZlmKnRLb13ejFJIyo04ViptmMn2s+w1IxwOi52UkUTTIa4T9sGBY6o8rPJsmO0b5weCmNpntBo4n6fyHCk1CgKTGeE9UD9ruXmX7V2qsNTP2MiSTUVZPpRmHKkY5RfjnpMUqL5yAAmkpldERlgiYk2+RRNCF+Xov/Bq1ZqFefquFw/m6VRgF3YgwNw4ATqcAEN8IAAgwd4gmdLWI/Wi/U6bZ2zZjM78EPW2yeu1I4h</latexit><latexit sha1_base64="VFYdZuWKqorILypfbDnBS/GEVP0=">AAAB63icdZDNSsNAFIVv/K31r+rSzWARXNWkSrQbKbhxI1QwttDGMplO2qGTSZyZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6w5uYXFpeWCyvF1bX1jc3S1vaNilNJqEdiHstWgBXlTFBPM81pK5EURwGnzWB4nteb91QqFotrPUqoH+G+YCEjWBvLuzu8vK12S2W7Ytu269bQBBzXmYJ7VEVODkZlmKnRLb13ejFJIyo04ViptmMn2s+w1IxwOi52UkUTTIa4T9sGBY6o8rPJsmO0b5weCmNpntBo4n6fyHCk1CgKTGeE9UD9ruXmX7V2qsNTP2MiSTUVZPpRmHKkY5RfjnpMUqL5yAAmkpldERlgiYk2+RRNCF+Xov/Bq1ZqFefquFw/m6VRgF3YgwNw4ATqcAEN8IAAgwd4gmdLWI/Wi/U6bZ2zZjM78EPW2yeu1I4h</latexit><latexit sha1_base64="VFYdZuWKqorILypfbDnBS/GEVP0=">AAAB63icdZDNSsNAFIVv/K31r+rSzWARXNWkSrQbKbhxI1QwttDGMplO2qGTSZyZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6w5uYXFpeWCyvF1bX1jc3S1vaNilNJqEdiHstWgBXlTFBPM81pK5EURwGnzWB4nteb91QqFotrPUqoH+G+YCEjWBvLuzu8vK12S2W7Ytu269bQBBzXmYJ7VEVODkZlmKnRLb13ejFJIyo04ViptmMn2s+w1IxwOi52UkUTTIa4T9sGBY6o8rPJsmO0b5weCmNpntBo4n6fyHCk1CgKTGeE9UD9ruXmX7V2qsNTP2MiSTUVZPpRmHKkY5RfjnpMUqL5yAAmkpldERlgiYk2+RRNCF+Xov/Bq1ZqFefquFw/m6VRgF3YgwNw4ATqcAEN8IAAgwd4gmdLWI/Wi/U6bZ2zZjM78EPW2yeu1I4h</latexit>

⇤ = �1

2
(qc � e)2 +�⇤

<latexit sha1_base64="koqZ7KUvt7FWzmHXKe1wlEFtWXA="></latexit><latexit sha1_base64="koqZ7KUvt7FWzmHXKe1wlEFtWXA="></latexit><latexit sha1_base64="koqZ7KUvt7FWzmHXKe1wlEFtWXA="></latexit><latexit sha1_base64="koqZ7KUvt7FWzmHXKe1wlEFtWXA="></latexit>

⇠ 1
<latexit sha1_base64="WqYMACoaEz22QXdc8ZnAcGfKP08=">AAAB7HicdZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqPdSMGNywpOW2iHkkkzbWwmGZKMUErfwY0LFbc+kDvfxkxbQUUPBD7OvZfce6KUM21c98NZWl5ZXVsvbBQ3t7Z3dkt7+00tM0VoQCSXqh1hTTkTNDDMcNpOFcVJxGkrGl3l9dY9VZpJcWvGKQ0TPBAsZgQbazW7miXI65XKbsV1Xd+voRl4vjcH/7SKvBysyrBQo1d67/YlyRIqDOFY647npiacYGUY4XRa7GaappiM8IB2LAqcUB1OZttO0bF1+iiWyj5h0Mz9PjHBidbjJLKdCTZD/buWm3/VOpmJL8IJE2lmqCDzj+KMIyNRfjrqM0WJ4WMLmChmd0VkiBUmxgZUtCF8XYr+h6BaqVW8m7Ny/XKRRgEO4QhOwINzqMM1NCAAAnfwAE/w7Ejn0XlxXuetS85i5gB+yHn7BI09jqQ=</latexit><latexit sha1_base64="WqYMACoaEz22QXdc8ZnAcGfKP08=">AAAB7HicdZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqPdSMGNywpOW2iHkkkzbWwmGZKMUErfwY0LFbc+kDvfxkxbQUUPBD7OvZfce6KUM21c98NZWl5ZXVsvbBQ3t7Z3dkt7+00tM0VoQCSXqh1hTTkTNDDMcNpOFcVJxGkrGl3l9dY9VZpJcWvGKQ0TPBAsZgQbazW7miXI65XKbsV1Xd+voRl4vjcH/7SKvBysyrBQo1d67/YlyRIqDOFY647npiacYGUY4XRa7GaappiM8IB2LAqcUB1OZttO0bF1+iiWyj5h0Mz9PjHBidbjJLKdCTZD/buWm3/VOpmJL8IJE2lmqCDzj+KMIyNRfjrqM0WJ4WMLmChmd0VkiBUmxgZUtCF8XYr+h6BaqVW8m7Ny/XKRRgEO4QhOwINzqMM1NCAAAnfwAE/w7Ejn0XlxXuetS85i5gB+yHn7BI09jqQ=</latexit><latexit sha1_base64="WqYMACoaEz22QXdc8ZnAcGfKP08=">AAAB7HicdZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqPdSMGNywpOW2iHkkkzbWwmGZKMUErfwY0LFbc+kDvfxkxbQUUPBD7OvZfce6KUM21c98NZWl5ZXVsvbBQ3t7Z3dkt7+00tM0VoQCSXqh1hTTkTNDDMcNpOFcVJxGkrGl3l9dY9VZpJcWvGKQ0TPBAsZgQbazW7miXI65XKbsV1Xd+voRl4vjcH/7SKvBysyrBQo1d67/YlyRIqDOFY647npiacYGUY4XRa7GaappiM8IB2LAqcUB1OZttO0bF1+iiWyj5h0Mz9PjHBidbjJLKdCTZD/buWm3/VOpmJL8IJE2lmqCDzj+KMIyNRfjrqM0WJ4WMLmChmd0VkiBUmxgZUtCF8XYr+h6BaqVW8m7Ny/XKRRgEO4QhOwINzqMM1NCAAAnfwAE/w7Ejn0XlxXuetS85i5gB+yHn7BI09jqQ=</latexit><latexit sha1_base64="WqYMACoaEz22QXdc8ZnAcGfKP08=">AAAB7HicdZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqPdSMGNywpOW2iHkkkzbWwmGZKMUErfwY0LFbc+kDvfxkxbQUUPBD7OvZfce6KUM21c98NZWl5ZXVsvbBQ3t7Z3dkt7+00tM0VoQCSXqh1hTTkTNDDMcNpOFcVJxGkrGl3l9dY9VZpJcWvGKQ0TPBAsZgQbazW7miXI65XKbsV1Xd+voRl4vjcH/7SKvBysyrBQo1d67/YlyRIqDOFY647npiacYGUY4XRa7GaappiM8IB2LAqcUB1OZttO0bF1+iiWyj5h0Mz9PjHBidbjJLKdCTZD/buWm3/VOpmJL8IJE2lmqCDzj+KMIyNRfjrqM0WJ4WMLmChmd0VkiBUmxgZUtCF8XYr+h6BaqVW8m7Ny/XKRRgEO4QhOwINzqMM1NCAAAnfwAE/w7Ejn0XlxXuetS85i5gB+yHn7BI09jqQ=</latexit>

e ⇠ (100GeV)2
<latexit sha1_base64="9BGB2N6lgJ7B97MebdgUQWKWexw=">AAACAHicbVDLSgNBEJyNrxhfUS+Cl8EgRJCwuwgxFwl40GME84BsDLOT3mTIzO4yMyuEJV78FS8eVLz6Gd78GyePg0YLGoqqbrq7/JgzpW37y8osLa+srmXXcxubW9s7+d29hooSSaFOIx7Jlk8UcBZCXTPNoRVLIMLn0PSHlxO/eQ9SsSi81aMYOoL0QxYwSrSRuvkD8BQTuOjYtneaelLgK2iMT+7cbr5glxzXLVdcbJfsKbCzSApojlo3/+n1IpoICDXlRKm2Y8e6kxKpGeUwznmJgpjQIelD29CQCFCddPrBGB8bpYeDSJoKNZ6qPydSIpQaCd90CqIHatGbiP957UQH552UhXGiIaSzRUHCsY7wJA7cYxKo5iNDCJXM3IrpgEhCtQktZ0L48/JfUndLlZJzc1aoXszTyKJDdISKyEFlVEXXqIbqiKIH9IRe0Kv1aD1bb9b7rDVjzWf20S9YH98wYJT8</latexit><latexit sha1_base64="9BGB2N6lgJ7B97MebdgUQWKWexw=">AAACAHicbVDLSgNBEJyNrxhfUS+Cl8EgRJCwuwgxFwl40GME84BsDLOT3mTIzO4yMyuEJV78FS8eVLz6Gd78GyePg0YLGoqqbrq7/JgzpW37y8osLa+srmXXcxubW9s7+d29hooSSaFOIx7Jlk8UcBZCXTPNoRVLIMLn0PSHlxO/eQ9SsSi81aMYOoL0QxYwSrSRuvkD8BQTuOjYtneaelLgK2iMT+7cbr5glxzXLVdcbJfsKbCzSApojlo3/+n1IpoICDXlRKm2Y8e6kxKpGeUwznmJgpjQIelD29CQCFCddPrBGB8bpYeDSJoKNZ6qPydSIpQaCd90CqIHatGbiP957UQH552UhXGiIaSzRUHCsY7wJA7cYxKo5iNDCJXM3IrpgEhCtQktZ0L48/JfUndLlZJzc1aoXszTyKJDdISKyEFlVEXXqIbqiKIH9IRe0Kv1aD1bb9b7rDVjzWf20S9YH98wYJT8</latexit><latexit sha1_base64="9BGB2N6lgJ7B97MebdgUQWKWexw=">AAACAHicbVDLSgNBEJyNrxhfUS+Cl8EgRJCwuwgxFwl40GME84BsDLOT3mTIzO4yMyuEJV78FS8eVLz6Gd78GyePg0YLGoqqbrq7/JgzpW37y8osLa+srmXXcxubW9s7+d29hooSSaFOIx7Jlk8UcBZCXTPNoRVLIMLn0PSHlxO/eQ9SsSi81aMYOoL0QxYwSrSRuvkD8BQTuOjYtneaelLgK2iMT+7cbr5glxzXLVdcbJfsKbCzSApojlo3/+n1IpoICDXlRKm2Y8e6kxKpGeUwznmJgpjQIelD29CQCFCddPrBGB8bpYeDSJoKNZ6qPydSIpQaCd90CqIHatGbiP957UQH552UhXGiIaSzRUHCsY7wJA7cYxKo5iNDCJXM3IrpgEhCtQktZ0L48/JfUndLlZJzc1aoXszTyKJDdISKyEFlVEXXqIbqiKIH9IRe0Kv1aD1bb9b7rDVjzWf20S9YH98wYJT8</latexit><latexit sha1_base64="9BGB2N6lgJ7B97MebdgUQWKWexw=">AAACAHicbVDLSgNBEJyNrxhfUS+Cl8EgRJCwuwgxFwl40GME84BsDLOT3mTIzO4yMyuEJV78FS8eVLz6Gd78GyePg0YLGoqqbrq7/JgzpW37y8osLa+srmXXcxubW9s7+d29hooSSaFOIx7Jlk8UcBZCXTPNoRVLIMLn0PSHlxO/eQ9SsSi81aMYOoL0QxYwSrSRuvkD8BQTuOjYtneaelLgK2iMT+7cbr5glxzXLVdcbJfsKbCzSApojlo3/+n1IpoICDXlRKm2Y8e6kxKpGeUwznmJgpjQIelD29CQCFCddPrBGB8bpYeDSJoKNZ6qPydSIpQaCd90CqIHatGbiP957UQH552UhXGiIaSzRUHCsY7wJA7cYxKo5iNDCJXM3IrpgEhCtQktZ0L48/JfUndLlZJzc1aoXszTyKJDdISKyEFlVEXXqIbqiKIH9IRe0Kv1aD1bb9b7rDVjzWf20S9YH98wYJT8</latexit>

M2
e↵ = cHe

<latexit sha1_base64="kHzoqaeWJ1U8bcM9TdjaaiH9aBM=">AAAB+3icdVDLSgNBEJyNrxhfqzl6GQyCp7AbJI+DEvCSixDBmECyLrOT3mTI7IOZWSEs8Ve8eFDx6o9482+cJCuoaEFDUdVNd5cXcyaVZX0YuZXVtfWN/GZha3tnd8/cP7iRUSIodGjEI9HziATOQugopjj0YgEk8Dh0vcnF3O/egZAsCq/VNAYnIKOQ+YwSpSXXLF7eVtx0IAIMvj87o24Lg2uWrLJVq9XtBtZkAU0a1apVb2A7U0ooQ9s13wfDiCYBhIpyImXftmLlpEQoRjnMCoNEQkzohIygr2lIApBOujh+ho+1MsR+JHSFCi/U7xMpCaScBp7uDIgay9/eXPzL6yfKrzspC+NEQUiXi/yEYxXheRJ4yARQxaeaECqYvhXTMRGEKp1XQYfw9Sn+n3Qq5UbZvjotNc+zNPLoEB2hE2SjGmqiFmqjDqJoih7QE3o27o1H48V4XbbmjGymiH7AePsENm6UCw==</latexit><latexit sha1_base64="kHzoqaeWJ1U8bcM9TdjaaiH9aBM=">AAAB+3icdVDLSgNBEJyNrxhfqzl6GQyCp7AbJI+DEvCSixDBmECyLrOT3mTI7IOZWSEs8Ve8eFDx6o9482+cJCuoaEFDUdVNd5cXcyaVZX0YuZXVtfWN/GZha3tnd8/cP7iRUSIodGjEI9HziATOQugopjj0YgEk8Dh0vcnF3O/egZAsCq/VNAYnIKOQ+YwSpSXXLF7eVtx0IAIMvj87o24Lg2uWrLJVq9XtBtZkAU0a1apVb2A7U0ooQ9s13wfDiCYBhIpyImXftmLlpEQoRjnMCoNEQkzohIygr2lIApBOujh+ho+1MsR+JHSFCi/U7xMpCaScBp7uDIgay9/eXPzL6yfKrzspC+NEQUiXi/yEYxXheRJ4yARQxaeaECqYvhXTMRGEKp1XQYfw9Sn+n3Qq5UbZvjotNc+zNPLoEB2hE2SjGmqiFmqjDqJoih7QE3o27o1H48V4XbbmjGymiH7AePsENm6UCw==</latexit><latexit sha1_base64="kHzoqaeWJ1U8bcM9TdjaaiH9aBM=">AAAB+3icdVDLSgNBEJyNrxhfqzl6GQyCp7AbJI+DEvCSixDBmECyLrOT3mTI7IOZWSEs8Ve8eFDx6o9482+cJCuoaEFDUdVNd5cXcyaVZX0YuZXVtfWN/GZha3tnd8/cP7iRUSIodGjEI9HziATOQugopjj0YgEk8Dh0vcnF3O/egZAsCq/VNAYnIKOQ+YwSpSXXLF7eVtx0IAIMvj87o24Lg2uWrLJVq9XtBtZkAU0a1apVb2A7U0ooQ9s13wfDiCYBhIpyImXftmLlpEQoRjnMCoNEQkzohIygr2lIApBOujh+ho+1MsR+JHSFCi/U7xMpCaScBp7uDIgay9/eXPzL6yfKrzspC+NEQUiXi/yEYxXheRJ4yARQxaeaECqYvhXTMRGEKp1XQYfw9Sn+n3Qq5UbZvjotNc+zNPLoEB2hE2SjGmqiFmqjDqJoih7QE3o27o1H48V4XbbmjGymiH7AePsENm6UCw==</latexit><latexit sha1_base64="kHzoqaeWJ1U8bcM9TdjaaiH9aBM=">AAAB+3icdVDLSgNBEJyNrxhfqzl6GQyCp7AbJI+DEvCSixDBmECyLrOT3mTI7IOZWSEs8Ve8eFDx6o9482+cJCuoaEFDUdVNd5cXcyaVZX0YuZXVtfWN/GZha3tnd8/cP7iRUSIodGjEI9HziATOQugopjj0YgEk8Dh0vcnF3O/egZAsCq/VNAYnIKOQ+YwSpSXXLF7eVtx0IAIMvj87o24Lg2uWrLJVq9XtBtZkAU0a1apVb2A7U0ooQ9s13wfDiCYBhIpyImXftmLlpEQoRjnMCoNEQkzohIygr2lIApBOujh+ho+1MsR+JHSFCi/U7xMpCaScBp7uDIgay9/eXPzL6yfKrzspC+NEQUiXi/yEYxXheRJ4yARQxaeaECqYvhXTMRGEKp1XQYfw9Sn+n3Qq5UbZvjotNc+zNPLoEB2hE2SjGmqiFmqjDqJoih7QE3o27o1H48V4XbbmjGymiH7AePsENm6UCw==</latexit>

⇤e↵ = ⇤+
1

2
q2,

<latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit>

M2
e↵ = M2 � cHq.

<latexit sha1_base64="m/Z/5uHuOIhAcR6LlSdePmw8xn4=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpC04mOhFNx0I1SwD2hjmEwn7dDJw5mJUEJx46+4caGIW7/CnX/jJA2i1gMXzpxzL3PvcSNGhTTNT21mdm5+YbGwVFxeWV1b1zc2myKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTlDi9Sv3VHuKBhcC1HEbF91A+oRzGSSnL07cubspN0uQ+J543P1OsAYqcGbw1HL5mGmQFOEysnJZCj7ugf3V6IY58EEjMkRMcyI2kniEuKGRkXu7EgEcJD1CcdRQPkE2En2QljuKeUHvRCriqQMFN/TiTIF2Lku6rTR3Ig/nqp+J/XiaV3Yic0iGJJAjz5yIsZlCFM84A9ygmWbKQIwpyqXSEeII6wVKkVsxBOUxx9nzxNmmXDqhiVq8NS9TyPowB2wC7YBxY4BlVQA3XQABjcg0fwDF60B+1Je9XeJq0zWj6zBX5Be/8CpnmVyA==</latexit>

Effective C.C: Effective Higgs mass:

[Giudice et al, 2019;
Kaloper et al, 2019]



Four-form flux and C.C.
• Three-form gauge field is not dynamical, but 

its field strength (four-form flux) adds to 
cosmological constant:

Fµ⌫⇢� = 4@[µA⌫⇢�]
<latexit sha1_base64="ebOoeFSbcAtYAZ6kosAjOvjpQ+A=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWZE0C6UiiAuKzi2MDMMmTRtQ5PMkGSEMsy3uPFX3LhQ6U78GdPHorYeCBzOOZebe+KUUaUd59sqrayurW+UNytb2zu7e/b+wZNKMomJhxOWyHaMFGFUEE9TzUg7lQTxmJFWPLgd+61nIhVNxKMepiTkqCdol2KkjRTZ9bsoD3gWiCyQ/SRQtMdRAa/OgxRJTRGLct/YBbwxsflMWER21ak5E8Bl4s5IFczQjOxR0ElwxonQmCGlfNdJdZiP92BGikqQKZIiPEA94hsqECcqzCcnFvDEKB3YTaR5QsOJOj+RI67UkMcmyZHuq0VvLP7n+ZnuXoY5FWmmicDTRd2MQZ3AcV+wQyXBmg0NQVhS81eI+0girE2rFVOCu3jyMvHOavWa+3BebVzP2iiDI3AMToELLkAD3IMm8AAGL+ANfIBP69V6t76s0TRasmYzh+APrJ9fdZalEQ==</latexit><latexit sha1_base64="ebOoeFSbcAtYAZ6kosAjOvjpQ+A=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWZE0C6UiiAuKzi2MDMMmTRtQ5PMkGSEMsy3uPFX3LhQ6U78GdPHorYeCBzOOZebe+KUUaUd59sqrayurW+UNytb2zu7e/b+wZNKMomJhxOWyHaMFGFUEE9TzUg7lQTxmJFWPLgd+61nIhVNxKMepiTkqCdol2KkjRTZ9bsoD3gWiCyQ/SRQtMdRAa/OgxRJTRGLct/YBbwxsflMWER21ak5E8Bl4s5IFczQjOxR0ElwxonQmCGlfNdJdZiP92BGikqQKZIiPEA94hsqECcqzCcnFvDEKB3YTaR5QsOJOj+RI67UkMcmyZHuq0VvLP7n+ZnuXoY5FWmmicDTRd2MQZ3AcV+wQyXBmg0NQVhS81eI+0girE2rFVOCu3jyMvHOavWa+3BebVzP2iiDI3AMToELLkAD3IMm8AAGL+ANfIBP69V6t76s0TRasmYzh+APrJ9fdZalEQ==</latexit><latexit sha1_base64="ebOoeFSbcAtYAZ6kosAjOvjpQ+A=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWZE0C6UiiAuKzi2MDMMmTRtQ5PMkGSEMsy3uPFX3LhQ6U78GdPHorYeCBzOOZebe+KUUaUd59sqrayurW+UNytb2zu7e/b+wZNKMomJhxOWyHaMFGFUEE9TzUg7lQTxmJFWPLgd+61nIhVNxKMepiTkqCdol2KkjRTZ9bsoD3gWiCyQ/SRQtMdRAa/OgxRJTRGLct/YBbwxsflMWER21ak5E8Bl4s5IFczQjOxR0ElwxonQmCGlfNdJdZiP92BGikqQKZIiPEA94hsqECcqzCcnFvDEKB3YTaR5QsOJOj+RI67UkMcmyZHuq0VvLP7n+ZnuXoY5FWmmicDTRd2MQZ3AcV+wQyXBmg0NQVhS81eI+0girE2rFVOCu3jyMvHOavWa+3BebVzP2iiDI3AMToELLkAD3IMm8AAGL+ANfIBP69V6t76s0TRasmYzh+APrJ9fdZalEQ==</latexit><latexit sha1_base64="ebOoeFSbcAtYAZ6kosAjOvjpQ+A=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWZE0C6UiiAuKzi2MDMMmTRtQ5PMkGSEMsy3uPFX3LhQ6U78GdPHorYeCBzOOZebe+KUUaUd59sqrayurW+UNytb2zu7e/b+wZNKMomJhxOWyHaMFGFUEE9TzUg7lQTxmJFWPLgd+61nIhVNxKMepiTkqCdol2KkjRTZ9bsoD3gWiCyQ/SRQtMdRAa/OgxRJTRGLct/YBbwxsflMWER21ak5E8Bl4s5IFczQjOxR0ElwxonQmCGlfNdJdZiP92BGikqQKZIiPEA94hsqECcqzCcnFvDEKB3YTaR5QsOJOj+RI67UkMcmyZHuq0VvLP7n+ZnuXoY5FWmmicDTRd2MQZ3AcV+wQyXBmg0NQVhS81eI+0girE2rFVOCu3jyMvHOavWa+3BebVzP2iiDI3AMToELLkAD3IMm8AAGL+ANfIBP69V6t76s0TRasmYzh+APrJ9fdZalEQ==</latexit>

Kinetic term Surface term

Equation of motion: @µ
⇣p

�gFµ⌫⇢�
⌘
= 0

<latexit sha1_base64="25BBnqmySVg7U5OrAjWpVVAhxbA=">AAACIHicbVDNSgMxGMzWv1r/qh69BItQD5ZdEawHpSiIxwrWFppasmm6DU2ya5IVytJX8eKrePGgojd9GrNtD9o6EBhm5uPLN37EmTau++Vk5uYXFpeyy7mV1bX1jfzm1q0OY0VojYQ8VA0fa8qZpDXDDKeNSFEsfE7rfv8i9esPVGkWyhsziGhL4ECyLiPYWKmdL6MIK8MwbyMRQ3TOgiJE+l6Z5CAYXt4lVkUyRqoXIs0CgYdpZB+euu18wS25I8BZ4k1IAUxQbec/UScksaDSEI61bnpuZFpJup1wOsyhWNMIkz4OaNNSiQXVrWR04RDuWaUDu6GyTxo4Un9PJFhoPRC+TQpsenraS8X/vGZsuuVWwmQUGyrJeFE35tCEMK0LdpiixPCBJZgoZv8KSQ8rTIwtNWdL8KZPniW1w9JJybs+KlTOJm1kwQ7YBUXggWNQAVegCmqAgEfwDF7Bm/PkvDjvzsc4mnEmM9vgD5zvH7cxo2g=</latexit><latexit sha1_base64="25BBnqmySVg7U5OrAjWpVVAhxbA=">AAACIHicbVDNSgMxGMzWv1r/qh69BItQD5ZdEawHpSiIxwrWFppasmm6DU2ya5IVytJX8eKrePGgojd9GrNtD9o6EBhm5uPLN37EmTau++Vk5uYXFpeyy7mV1bX1jfzm1q0OY0VojYQ8VA0fa8qZpDXDDKeNSFEsfE7rfv8i9esPVGkWyhsziGhL4ECyLiPYWKmdL6MIK8MwbyMRQ3TOgiJE+l6Z5CAYXt4lVkUyRqoXIs0CgYdpZB+euu18wS25I8BZ4k1IAUxQbec/UScksaDSEI61bnpuZFpJup1wOsyhWNMIkz4OaNNSiQXVrWR04RDuWaUDu6GyTxo4Un9PJFhoPRC+TQpsenraS8X/vGZsuuVWwmQUGyrJeFE35tCEMK0LdpiixPCBJZgoZv8KSQ8rTIwtNWdL8KZPniW1w9JJybs+KlTOJm1kwQ7YBUXggWNQAVegCmqAgEfwDF7Bm/PkvDjvzsc4mnEmM9vgD5zvH7cxo2g=</latexit><latexit sha1_base64="25BBnqmySVg7U5OrAjWpVVAhxbA=">AAACIHicbVDNSgMxGMzWv1r/qh69BItQD5ZdEawHpSiIxwrWFppasmm6DU2ya5IVytJX8eKrePGgojd9GrNtD9o6EBhm5uPLN37EmTau++Vk5uYXFpeyy7mV1bX1jfzm1q0OY0VojYQ8VA0fa8qZpDXDDKeNSFEsfE7rfv8i9esPVGkWyhsziGhL4ECyLiPYWKmdL6MIK8MwbyMRQ3TOgiJE+l6Z5CAYXt4lVkUyRqoXIs0CgYdpZB+euu18wS25I8BZ4k1IAUxQbec/UScksaDSEI61bnpuZFpJup1wOsyhWNMIkz4OaNNSiQXVrWR04RDuWaUDu6GyTxo4Un9PJFhoPRC+TQpsenraS8X/vGZsuuVWwmQUGyrJeFE35tCEMK0LdpiixPCBJZgoZv8KSQ8rTIwtNWdL8KZPniW1w9JJybs+KlTOJm1kwQ7YBUXggWNQAVegCmqAgEfwDF7Bm/PkvDjvzsc4mnEmM9vgD5zvH7cxo2g=</latexit><latexit sha1_base64="25BBnqmySVg7U5OrAjWpVVAhxbA=">AAACIHicbVDNSgMxGMzWv1r/qh69BItQD5ZdEawHpSiIxwrWFppasmm6DU2ya5IVytJX8eKrePGgojd9GrNtD9o6EBhm5uPLN37EmTau++Vk5uYXFpeyy7mV1bX1jfzm1q0OY0VojYQ8VA0fa8qZpDXDDKeNSFEsfE7rfv8i9esPVGkWyhsziGhL4ECyLiPYWKmdL6MIK8MwbyMRQ3TOgiJE+l6Z5CAYXt4lVkUyRqoXIs0CgYdpZB+euu18wS25I8BZ4k1IAUxQbec/UScksaDSEI61bnpuZFpJup1wOsyhWNMIkz4OaNNSiQXVrWR04RDuWaUDu6GyTxo4Un9PJFhoPRC+TQpsenraS8X/vGZsuuVWwmQUGyrJeFE35tCEMK0LdpiixPCBJZgoZv8KSQ8rTIwtNWdL8KZPniW1w9JJybs+KlTOJm1kwQ7YBUXggWNQAVegCmqAgEfwDF7Bm/PkvDjvzsc4mnEmM9vgD5zvH7cxo2g=</latexit>

Fµ⌫⇢� =
1p
�g

q ✏µ⌫⇢�,
<latexit sha1_base64="b3kCLCpkmZ/lpVxa5M3rpuFD9sU="></latexit><latexit sha1_base64="b3kCLCpkmZ/lpVxa5M3rpuFD9sU="></latexit><latexit sha1_base64="b3kCLCpkmZ/lpVxa5M3rpuFD9sU="></latexit><latexit sha1_base64="b3kCLCpkmZ/lpVxa5M3rpuFD9sU="></latexit>

or Fµ⌫⇢� = q ✏µ⌫⇢�.
<latexit sha1_base64="3XBX/uts/LHNd32HF1RMCMiewZ4=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4kJBIQV0oBUFcVjC20IQwmU7bofOIMxOhhP6IG3/FjQsVNy4E/8Zpm4W2Hhg4nHMud+5JUkqU9rxvq7SwuLS8Ul6trK1vbG7Z2zt3SmQS4QAJKmQrgQpTwnGgiaa4lUoMWUJxMxlcjv3mA5aKCH6rhymOGOxx0iUIaiPFdu0qzkOWhTwLZV+EivQYHJ3fh0chThWhJjJvu7Fd9VxvAmee+AWpggKN2P4MOwJlDHONKFSq7XupjnIoNUEUjyphpnAK0QD2cNtQDhlWUT65buQcGKXjdIU0j2tnov6eyCFTasgSk2RQ99WsNxb/89qZ7p5GOeFppjFH00XdjDpaOOOqnA6RGGk6NAQiScxfHdSHEiJtCq2YEvzZk+dJcOyeuf5NrVq/KNoogz2wDw6BD05AHVyDBggAAo/gGbyCN+vJerHerY9ptGQVM7vgD6yvHwHRo08=</latexit><latexit sha1_base64="3XBX/uts/LHNd32HF1RMCMiewZ4=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4kJBIQV0oBUFcVjC20IQwmU7bofOIMxOhhP6IG3/FjQsVNy4E/8Zpm4W2Hhg4nHMud+5JUkqU9rxvq7SwuLS8Ul6trK1vbG7Z2zt3SmQS4QAJKmQrgQpTwnGgiaa4lUoMWUJxMxlcjv3mA5aKCH6rhymOGOxx0iUIaiPFdu0qzkOWhTwLZV+EivQYHJ3fh0chThWhJjJvu7Fd9VxvAmee+AWpggKN2P4MOwJlDHONKFSq7XupjnIoNUEUjyphpnAK0QD2cNtQDhlWUT65buQcGKXjdIU0j2tnov6eyCFTasgSk2RQ99WsNxb/89qZ7p5GOeFppjFH00XdjDpaOOOqnA6RGGk6NAQiScxfHdSHEiJtCq2YEvzZk+dJcOyeuf5NrVq/KNoogz2wDw6BD05AHVyDBggAAo/gGbyCN+vJerHerY9ptGQVM7vgD6yvHwHRo08=</latexit><latexit sha1_base64="3XBX/uts/LHNd32HF1RMCMiewZ4=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4kJBIQV0oBUFcVjC20IQwmU7bofOIMxOhhP6IG3/FjQsVNy4E/8Zpm4W2Hhg4nHMud+5JUkqU9rxvq7SwuLS8Ul6trK1vbG7Z2zt3SmQS4QAJKmQrgQpTwnGgiaa4lUoMWUJxMxlcjv3mA5aKCH6rhymOGOxx0iUIaiPFdu0qzkOWhTwLZV+EivQYHJ3fh0chThWhJjJvu7Fd9VxvAmee+AWpggKN2P4MOwJlDHONKFSq7XupjnIoNUEUjyphpnAK0QD2cNtQDhlWUT65buQcGKXjdIU0j2tnov6eyCFTasgSk2RQ99WsNxb/89qZ7p5GOeFppjFH00XdjDpaOOOqnA6RGGk6NAQiScxfHdSHEiJtCq2YEvzZk+dJcOyeuf5NrVq/KNoogz2wDw6BD05AHVyDBggAAo/gGbyCN+vJerHerY9ptGQVM7vgD6yvHwHRo08=</latexit><latexit sha1_base64="3XBX/uts/LHNd32HF1RMCMiewZ4=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4kJBIQV0oBUFcVjC20IQwmU7bofOIMxOhhP6IG3/FjQsVNy4E/8Zpm4W2Hhg4nHMud+5JUkqU9rxvq7SwuLS8Ul6trK1vbG7Z2zt3SmQS4QAJKmQrgQpTwnGgiaa4lUoMWUJxMxlcjv3mA5aKCH6rhymOGOxx0iUIaiPFdu0qzkOWhTwLZV+EivQYHJ3fh0chThWhJjJvu7Fd9VxvAmee+AWpggKN2P4MOwJlDHONKFSq7XupjnIoNUEUjyphpnAK0QD2cNtQDhlWUT65buQcGKXjdIU0j2tnov6eyCFTasgSk2RQ99WsNxb/89qZ7p5GOeFppjFH00XdjDpaOOOqnA6RGGk6NAQiScxfHdSHEiJtCq2YEvzZk+dJcOyeuf5NrVq/KNoogz2wDw6BD05AHVyDBggAAo/gGbyCN+vJerHerY9ptGQVM7vgD6yvHwHRo08=</latexit>

q = const
<latexit sha1_base64="yrSJWCMqfVFGf2TY6PwcycM/pQE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IMS8OIxgmsCyRJmJ5NkyDw2M7OBsOQ7vHhQ8erPePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sHhk1GpJjQkiivdiLGhnEkaWmY5bSSaYhFzWo8Hd1O/PqLaMCUf7TihkcA9ybqMYOukaHiTtbRAREljJ+1S2a/4M6BlEuSkDDlq7dJXq6NIKqi0hGNjmoGf2CjD2jLC6aTYSg1NMBngHm06KrGgJspmR0/QqVM6qKu0K2nRTP09kWFhzFjErlNg2zeL3lT8z2umtnsVZUwmqaWSzBd1U46sQtMEUIdpSiwfO4KJZu5WRPpYY2JdTkUXQrD48jIJzyvXleDholy9zdMowDGcwBkEcAlVuIcahEBgCM/wCm/eyHvx3r2PeeuKl88cwR94nz9CuZH0</latexit><latexit sha1_base64="yrSJWCMqfVFGf2TY6PwcycM/pQE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IMS8OIxgmsCyRJmJ5NkyDw2M7OBsOQ7vHhQ8erPePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sHhk1GpJjQkiivdiLGhnEkaWmY5bSSaYhFzWo8Hd1O/PqLaMCUf7TihkcA9ybqMYOukaHiTtbRAREljJ+1S2a/4M6BlEuSkDDlq7dJXq6NIKqi0hGNjmoGf2CjD2jLC6aTYSg1NMBngHm06KrGgJspmR0/QqVM6qKu0K2nRTP09kWFhzFjErlNg2zeL3lT8z2umtnsVZUwmqaWSzBd1U46sQtMEUIdpSiwfO4KJZu5WRPpYY2JdTkUXQrD48jIJzyvXleDholy9zdMowDGcwBkEcAlVuIcahEBgCM/wCm/eyHvx3r2PeeuKl88cwR94nz9CuZH0</latexit><latexit sha1_base64="yrSJWCMqfVFGf2TY6PwcycM/pQE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IMS8OIxgmsCyRJmJ5NkyDw2M7OBsOQ7vHhQ8erPePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sHhk1GpJjQkiivdiLGhnEkaWmY5bSSaYhFzWo8Hd1O/PqLaMCUf7TihkcA9ybqMYOukaHiTtbRAREljJ+1S2a/4M6BlEuSkDDlq7dJXq6NIKqi0hGNjmoGf2CjD2jLC6aTYSg1NMBngHm06KrGgJspmR0/QqVM6qKu0K2nRTP09kWFhzFjErlNg2zeL3lT8z2umtnsVZUwmqaWSzBd1U46sQtMEUIdpSiwfO4KJZu5WRPpYY2JdTkUXQrD48jIJzyvXleDholy9zdMowDGcwBkEcAlVuIcahEBgCM/wCm/eyHvx3r2PeeuKl88cwR94nz9CuZH0</latexit><latexit sha1_base64="yrSJWCMqfVFGf2TY6PwcycM/pQE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IMS8OIxgmsCyRJmJ5NkyDw2M7OBsOQ7vHhQ8erPePNvnCR70MSChqKqm+6uOOHMWN//9lZW19Y3Ngtbxe2d3b390sHhk1GpJjQkiivdiLGhnEkaWmY5bSSaYhFzWo8Hd1O/PqLaMCUf7TihkcA9ybqMYOukaHiTtbRAREljJ+1S2a/4M6BlEuSkDDlq7dJXq6NIKqi0hGNjmoGf2CjD2jLC6aTYSg1NMBngHm06KrGgJspmR0/QqVM6qKu0K2nRTP09kWFhzFjErlNg2zeL3lT8z2umtnsVZUwmqaWSzBd1U46sQtMEUIdpSiwfO4KJZu5WRPpYY2JdTkUXQrD48jIJzyvXleDholy9zdMowDGcwBkEcAlVuIcahEBgCM/wCm/eyHvx3r2PeeuKl88cwR94nz9CuZH0</latexit>

Effective C.C:

L =
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<latexit sha1_base64="BCsBO7Kxply+JHctMVNQBIKKpNA="></latexit><latexit sha1_base64="BCsBO7Kxply+JHctMVNQBIKKpNA="></latexit><latexit sha1_base64="BCsBO7Kxply+JHctMVNQBIKKpNA="></latexit><latexit sha1_base64="BCsBO7Kxply+JHctMVNQBIKKpNA="></latexit>

⇤e↵ = ⇤+
1

2
q2

<latexit sha1_base64="TIWZuvyXc6WO3GjLzZfXBWGpsAs=">AAACEnicbVDNSsNAGNzUv1r/oh69LBZBFEpSBPWgFLx48FDB2EITw2a7aZduNnF3I5SQd/Diq3jxoOLVkzffxm2bg7YOLAwz8/HtN0HCqFSW9W2U5uYXFpfKy5WV1bX1DXNz61bGqcDEwTGLRTtAkjDKiaOoYqSdCIKigJFWMLgY+a0HIiSN+Y0aJsSLUI/TkGKktOSbB+6VDneRn7kigiQM8zNYSIduKBDO7Dyr5/D+ru6bVatmjQFniV2QKijQ9M0vtxvjNCJcYYak7NhWorwMCUUxI3nFTSVJEB6gHuloylFEpJeNb8rhnla6MIyFflzBsfp7IkORlMMo0MkIqb6c9kbif14nVeGJl1GepIpwPFkUpgyqGI4Kgl0qCFZsqAnCguq/QtxHugmla6zoEuzpk2eJU6+d1uzro2rjvGijDHbALtgHNjgGDXAJmsABGDyCZ/AK3own48V4Nz4m0ZJRzGyDPzA+fwAKgZ0w</latexit><latexit sha1_base64="TIWZuvyXc6WO3GjLzZfXBWGpsAs=">AAACEnicbVDNSsNAGNzUv1r/oh69LBZBFEpSBPWgFLx48FDB2EITw2a7aZduNnF3I5SQd/Diq3jxoOLVkzffxm2bg7YOLAwz8/HtN0HCqFSW9W2U5uYXFpfKy5WV1bX1DXNz61bGqcDEwTGLRTtAkjDKiaOoYqSdCIKigJFWMLgY+a0HIiSN+Y0aJsSLUI/TkGKktOSbB+6VDneRn7kigiQM8zNYSIduKBDO7Dyr5/D+ru6bVatmjQFniV2QKijQ9M0vtxvjNCJcYYak7NhWorwMCUUxI3nFTSVJEB6gHuloylFEpJeNb8rhnla6MIyFflzBsfp7IkORlMMo0MkIqb6c9kbif14nVeGJl1GepIpwPFkUpgyqGI4Kgl0qCFZsqAnCguq/QtxHugmla6zoEuzpk2eJU6+d1uzro2rjvGijDHbALtgHNjgGDXAJmsABGDyCZ/AK3own48V4Nz4m0ZJRzGyDPzA+fwAKgZ0w</latexit><latexit sha1_base64="TIWZuvyXc6WO3GjLzZfXBWGpsAs=">AAACEnicbVDNSsNAGNzUv1r/oh69LBZBFEpSBPWgFLx48FDB2EITw2a7aZduNnF3I5SQd/Diq3jxoOLVkzffxm2bg7YOLAwz8/HtN0HCqFSW9W2U5uYXFpfKy5WV1bX1DXNz61bGqcDEwTGLRTtAkjDKiaOoYqSdCIKigJFWMLgY+a0HIiSN+Y0aJsSLUI/TkGKktOSbB+6VDneRn7kigiQM8zNYSIduKBDO7Dyr5/D+ru6bVatmjQFniV2QKijQ9M0vtxvjNCJcYYak7NhWorwMCUUxI3nFTSVJEB6gHuloylFEpJeNb8rhnla6MIyFflzBsfp7IkORlMMo0MkIqb6c9kbif14nVeGJl1GepIpwPFkUpgyqGI4Kgl0qCFZsqAnCguq/QtxHugmla6zoEuzpk2eJU6+d1uzro2rjvGijDHbALtgHNjgGDXAJmsABGDyCZ/AK3own48V4Nz4m0ZJRzGyDPzA+fwAKgZ0w</latexit><latexit sha1_base64="TIWZuvyXc6WO3GjLzZfXBWGpsAs=">AAACEnicbVDNSsNAGNzUv1r/oh69LBZBFEpSBPWgFLx48FDB2EITw2a7aZduNnF3I5SQd/Diq3jxoOLVkzffxm2bg7YOLAwz8/HtN0HCqFSW9W2U5uYXFpfKy5WV1bX1DXNz61bGqcDEwTGLRTtAkjDKiaOoYqSdCIKigJFWMLgY+a0HIiSN+Y0aJsSLUI/TkGKktOSbB+6VDneRn7kigiQM8zNYSIduKBDO7Dyr5/D+ru6bVatmjQFniV2QKijQ9M0vtxvjNCJcYYak7NhWorwMCUUxI3nFTSVJEB6gHuloylFEpJeNb8rhnla6MIyFflzBsfp7IkORlMMo0MkIqb6c9kbif14nVeGJl1GepIpwPFkUpgyqGI4Kgl0qCFZsqAnCguq/QtxHugmla6zoEuzpk2eJU6+d1uzro2rjvGijDHbALtgHNjgGDXAJmsABGDyCZ/AK3own48V4Nz4m0ZJRzGyDPzA+fwAKgZ0w</latexit>

For ⇤ < 0,
<latexit sha1_base64="gWdgfm/IpQ6kek4uJvWIBw0kYz0=">AAAB8HicbVBNSwMxFHzxs9avqkcvwSJ4kLIrggoiBS8ePFRwbbFdSjabbUOz2SXJCmXpv/DiQcWrP8eb/8a03YO2DgSGmXnkvQlSwbVxnG+0sLi0vLJaWiuvb2xubVd2dh90kinKPJqIRLUCopngknmGG8FaqWIkDgRrBoPrsd98YkrzRN6bYcr8mPQkjzglxkqPnVsbDcmlc9ytVJ2aMwGeJ25BqlCg0a18dcKEZjGThgqiddt1UuPnRBlOBRuVO5lmKaED0mNtSyWJmfbzycYjfGiVEEeJsk8aPFF/T+Qk1noYBzYZE9PXs95Y/M9rZyY693Mu08wwSacfRZnAJsHj83HIFaNGDC0hVHG7K6Z9ogg1tqSyLcGdPXmeeCe1i5p7d1qtXxVtlGAfDuAIXDiDOtxAAzygIOEZXuENafSC3tHHNLqAipk9+AP0+QPTxo/j</latexit><latexit sha1_base64="gWdgfm/IpQ6kek4uJvWIBw0kYz0=">AAAB8HicbVBNSwMxFHzxs9avqkcvwSJ4kLIrggoiBS8ePFRwbbFdSjabbUOz2SXJCmXpv/DiQcWrP8eb/8a03YO2DgSGmXnkvQlSwbVxnG+0sLi0vLJaWiuvb2xubVd2dh90kinKPJqIRLUCopngknmGG8FaqWIkDgRrBoPrsd98YkrzRN6bYcr8mPQkjzglxkqPnVsbDcmlc9ytVJ2aMwGeJ25BqlCg0a18dcKEZjGThgqiddt1UuPnRBlOBRuVO5lmKaED0mNtSyWJmfbzycYjfGiVEEeJsk8aPFF/T+Qk1noYBzYZE9PXs95Y/M9rZyY693Mu08wwSacfRZnAJsHj83HIFaNGDC0hVHG7K6Z9ogg1tqSyLcGdPXmeeCe1i5p7d1qtXxVtlGAfDuAIXDiDOtxAAzygIOEZXuENafSC3tHHNLqAipk9+AP0+QPTxo/j</latexit><latexit sha1_base64="gWdgfm/IpQ6kek4uJvWIBw0kYz0=">AAAB8HicbVBNSwMxFHzxs9avqkcvwSJ4kLIrggoiBS8ePFRwbbFdSjabbUOz2SXJCmXpv/DiQcWrP8eb/8a03YO2DgSGmXnkvQlSwbVxnG+0sLi0vLJaWiuvb2xubVd2dh90kinKPJqIRLUCopngknmGG8FaqWIkDgRrBoPrsd98YkrzRN6bYcr8mPQkjzglxkqPnVsbDcmlc9ytVJ2aMwGeJ25BqlCg0a18dcKEZjGThgqiddt1UuPnRBlOBRuVO5lmKaED0mNtSyWJmfbzycYjfGiVEEeJsk8aPFF/T+Qk1noYBzYZE9PXs95Y/M9rZyY693Mu08wwSacfRZnAJsHj83HIFaNGDC0hVHG7K6Z9ogg1tqSyLcGdPXmeeCe1i5p7d1qtXxVtlGAfDuAIXDiDOtxAAzygIOEZXuENafSC3tHHNLqAipk9+AP0+QPTxo/j</latexit><latexit sha1_base64="gWdgfm/IpQ6kek4uJvWIBw0kYz0=">AAAB8HicbVBNSwMxFHzxs9avqkcvwSJ4kLIrggoiBS8ePFRwbbFdSjabbUOz2SXJCmXpv/DiQcWrP8eb/8a03YO2DgSGmXnkvQlSwbVxnG+0sLi0vLJaWiuvb2xubVd2dh90kinKPJqIRLUCopngknmGG8FaqWIkDgRrBoPrsd98YkrzRN6bYcr8mPQkjzglxkqPnVsbDcmlc9ytVJ2aMwGeJ25BqlCg0a18dcKEZjGThgqiddt1UuPnRBlOBRuVO5lmKaED0mNtSyWJmfbzycYjfGiVEEeJsk8aPFF/T+Qk1noYBzYZE9PXs95Y/M9rZyY693Mu08wwSacfRZnAJsHj83HIFaNGDC0hVHG7K6Z9ogg1tqSyLcGdPXmeeCe1i5p7d1qtXxVtlGAfDuAIXDiDOtxAAzygIOEZXuENafSC3tHHNLqAipk9+AP0+QPTxo/j</latexit>

Four-form flux cancels the bare 
cosmological constant to zero.

[Duff, van Nieuwenhuizen, 1980;
Witten, 1984; 

Henneaux, Teitelboim, 1984;
Baum, 1983, Hawking, 1984 ]

or dual transform in 4D:



Particles from E-field
• The Maxwell field in 2D analogue is non-dynamical 

(no polarizations), but electric field can reduce due 
to charge nucleation.

[Brown, Teitelboim, 1987]

2D E-field

q
<latexit sha1_base64="xYone0MKsR2hu/ih4hw52z2U3GI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7bRdu9nE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsH9zpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jemXGCQUQHkvc5o8ZKjcduueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDSNaMxQ==</latexit><latexit sha1_base64="xYone0MKsR2hu/ih4hw52z2U3GI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7bRdu9nE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsH9zpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jemXGCQUQHkvc5o8ZKjcduueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDSNaMxQ==</latexit><latexit sha1_base64="xYone0MKsR2hu/ih4hw52z2U3GI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7bRdu9nE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsH9zpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jemXGCQUQHkvc5o8ZKjcduueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDSNaMxQ==</latexit><latexit sha1_base64="xYone0MKsR2hu/ih4hw52z2U3GI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7bRdu9nE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsH9zpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jemXGCQUQHkvc5o8ZKjcduueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDSNaMxQ==</latexit>

q � e
<latexit sha1_base64="N2FmFYv0x0/3SK+DfAMndEcPJxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb1IwYvHisYW2lA222m7dLOJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtLyyulZcL21sbm3vlHf3HnScKoY+i0WsmiHVKLhE33AjsJkopFEosBEOryd+4wmV5rG8N6MEg4j2Je9xRo2V7h5PsFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9dUyOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sIMi6T1KBks0W9VBATk8nfpMsVMiNGllCmuL2VsAFVlBmbTsmG4M2/vEj80+pl1bs9q9Su8jSKcACHcAwenEMNbqAOPjDowzO8wpsjnBfn3fmYtRacfGYf/sD5/AFwco1r</latexit><latexit sha1_base64="N2FmFYv0x0/3SK+DfAMndEcPJxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb1IwYvHisYW2lA222m7dLOJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtLyyulZcL21sbm3vlHf3HnScKoY+i0WsmiHVKLhE33AjsJkopFEosBEOryd+4wmV5rG8N6MEg4j2Je9xRo2V7h5PsFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9dUyOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sIMi6T1KBks0W9VBATk8nfpMsVMiNGllCmuL2VsAFVlBmbTsmG4M2/vEj80+pl1bs9q9Su8jSKcACHcAwenEMNbqAOPjDowzO8wpsjnBfn3fmYtRacfGYf/sD5/AFwco1r</latexit><latexit sha1_base64="N2FmFYv0x0/3SK+DfAMndEcPJxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb1IwYvHisYW2lA222m7dLOJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtLyyulZcL21sbm3vlHf3HnScKoY+i0WsmiHVKLhE33AjsJkopFEosBEOryd+4wmV5rG8N6MEg4j2Je9xRo2V7h5PsFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9dUyOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sIMi6T1KBks0W9VBATk8nfpMsVMiNGllCmuL2VsAFVlBmbTsmG4M2/vEj80+pl1bs9q9Su8jSKcACHcAwenEMNbqAOPjDowzO8wpsjnBfn3fmYtRacfGYf/sD5/AFwco1r</latexit><latexit sha1_base64="N2FmFYv0x0/3SK+DfAMndEcPJxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb1IwYvHisYW2lA222m7dLOJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtLyyulZcL21sbm3vlHf3HnScKoY+i0WsmiHVKLhE33AjsJkopFEosBEOryd+4wmV5rG8N6MEg4j2Je9xRo2V7h5PsFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9dUyOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sIMi6T1KBks0W9VBATk8nfpMsVMiNGllCmuL2VsAFVlBmbTsmG4M2/vEj80+pl1bs9q9Su8jSKcACHcAwenEMNbqAOPjDowzO8wpsjnBfn3fmYtRacfGYf/sD5/AFwco1r</latexit>

Eqs. of motion:

Lcharge = e

Z
d⇠ �2(x� x(⇠))Aµ

@xµ

@⇠
.

<latexit sha1_base64="gGCtUG7WNG8oAB8iGI6X3wYmIa8="></latexit>

Fµ⌫ = q ✏µ⌫
<latexit sha1_base64="E1ljdMJacPwrvVneGEJNBZKIjjQ=">AAACCnicbVDLSsNAFJ34rPUVdekmWgQXUhIrPhZKQRCXFewDmhAm00k7dDKJMxOhhKzd+CtuXCji1i9w5984SUNR64ELh3Pu5d57vIgSIU3zS5uZnZtfWCwtlZdXVtfW9Y3NlghjjnAThTTkHQ8KTAnDTUkkxZ2IYxh4FLe94WXmt+8xFyRkt3IUYSeAfUZ8gqBUkqvvXLmJHcQ2i9PzO/sgsXEkCA1ZOpFdvWJWzRzGNLEKUgEFGq7+afdCFAeYSUShEF3LjKSTQC4Jojgt27HAEURD2MddRRkMsHCS/JXU2FNKz/BDropJI1d/TiQwEGIUeKozgHIg/nqZ+J/XjaV/6iSERbHEDI0X+TE1ZGhkuRg9wjGSdKQIRJyoWw00gBwiqdIr5yGcZTievDxNWodVq1at3RxV6hdFHCWwDXbBPrDACaiDa9AATYDAA3gCL+BVe9SetTftfdw6oxUzW+AXtI9vlbabmg==</latexit>

t
<latexit sha1_base64="23fSfdqWio+JodfX2IEeBq6GIIU=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjMqLhcJePGYgFkgGUJPpydp07PQXSOEkC/w4kERr36SN//GnskganxQ8Hiviqp6XiyFRtv+tApLyyura8X10sbm1vZOeXevpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vkn99gNXWkThHU5i7gZ0GApfMIpGamC/XLGrdgaySJycVCBHvV/+6A0ilgQ8RCap1l3HjtGdUoWCST4r9RLNY8rGdMi7hoY04NqdZofOyJFRBsSPlKkQSab+nJjSQOtJ4JnOgOJI//VS8T+vm6B/6U5FGCfIQzZf5CeSYETSr8lAKM5QTgyhTAlzK2EjqihDk00pC+Eqxfn3y4ukdVJ1TqunjbNK7TqPowgHcAjH4MAF1OAW6tAEBhwe4RlerHvryXq13uatBSuf2YdfsN6/APe9jSs=</latexit> tE

<latexit sha1_base64="/ZIfGQy627Ul+fmv074htuDRtNc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQqflykIILHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdMGUeuDgcd7M8zM82PBNTrOp1VYWFxaXimultbWNza3yts7TR0lirIGjUSk2j7RTHDJGshRsHasGAl9wVr+6CrzWw9MaR7JexzHzAvJQPKAU4JGusPeda9ccarOFPY8cXNSgRz1Xvmj249oEjKJVBCtO64To5cShZwKNil1E81iQkdkwDqGShIy7aXTUyf2gVH6dhApUxLtqfpzIiWh1uPQN50hwaH+62Xif14nweDcS7mME2SSzhYFibAxsrO/7T5XjKIYG0Ko4uZWmw6JIhRNOqVpCBcZTr9fnifNo6p7XD2+PanULvM4irAH+3AILpxBDW6gDg2gMIBHeIYXS1hP1qv1NmstWPnMLvyC9f4FO3yN4w==</latexit>

x
<latexit sha1_base64="7Wrwz474mgPlloKUDatPnLCkuvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRWfGyk4MZlC/YBbSiT6aQdO5mEmYlYQr/AjQtF3PpJ7vwbJ2kQtR64cDjnXu69x4s4U9q2P63C0vLK6lpxvbSxubW9U97da6swloS2SMhD2fWwopwJ2tJMc9qNJMWBx2nHm1ynfueeSsVCcaunEXUDPBLMZwRrIzUfBuWKXbUzoEXi5KQCORqD8kd/GJI4oEITjpXqOXak3QRLzQins1I/VjTCZIJHtGeowAFVbpIdOkNHRhkiP5SmhEaZ+nMiwYFS08AznQHWY/XXS8X/vF6s/Qs3YSKKNRVkvsiPOdIhSr9GQyYp0XxqCCaSmVsRGWOJiTbZlLIQLlOcfb+8SNonVadWrTVPK/WrPI4iHMAhHIMD51CHG2hACwhQeIRneLHurCfr1XqbtxasfGYffsF6/wL9zY0v</latexit>

x
<latexit sha1_base64="7Wrwz474mgPlloKUDatPnLCkuvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiRWfGyk4MZlC/YBbSiT6aQdO5mEmYlYQr/AjQtF3PpJ7vwbJ2kQtR64cDjnXu69x4s4U9q2P63C0vLK6lpxvbSxubW9U97da6swloS2SMhD2fWwopwJ2tJMc9qNJMWBx2nHm1ynfueeSsVCcaunEXUDPBLMZwRrIzUfBuWKXbUzoEXi5KQCORqD8kd/GJI4oEITjpXqOXak3QRLzQins1I/VjTCZIJHtGeowAFVbpIdOkNHRhkiP5SmhEaZ+nMiwYFS08AznQHWY/XXS8X/vF6s/Qs3YSKKNRVkvsiPOdIhSr9GQyYp0XxqCCaSmVsRGWOJiTbZlLIQLlOcfb+8SNonVadWrTVPK/WrPI4iHMAhHIMD51CHG2hACwhQeIRneLHurCfr1XqbtxasfGYffsF6/wL9zY0v</latexit>

t = itE
<latexit sha1_base64="2Ac/Q4J50IcMOLV25ZHz2YKOJ4o=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRIrPhZKQQSXFewD2lAm00k7dpIJMzdCCf0HNy4Ucev/uPNvnKRB1HrgwuGce7n3Hi8SXINtf1qFhcWl5ZXiamltfWNzq7y909IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt746vUbz8wpbkM72ASMTcgw5D7nBIwUgsuOPSv++WKXbUz4Hni5KSCcjT65Y/eQNI4YCFQQbTuOnYEbkIUcCrYtNSLNYsIHZMh6xoakoBpN8muneIDowywL5WpEHCm/pxISKD1JPBMZ0BgpP96qfif143BP3MTHkYxsJDOFvmxwCBx+joecMUoiIkhhCpubsV0RBShYAIqZSGcpzj5fnmetI6qTq1auz2u1C/zOIpoD+2jQ+SgU1RHN6iBmoiie/SIntGLJa0n69V6m7UWrHxmF/2C9f4FWjOPGw==</latexit>

mẍµ = eFµ⌫ ẋ⌫ ,
<latexit sha1_base64="aytuWxzoYTVlLY9ph6aA9mg8Aj0=">AAACEXicbVBLSwMxGMz6rPW16tFLsAg9SNla8XFQCoJ4rGAf0N2WbJq2oUl2SbLSsuxf8OJf8eJBEa/evPlvzLZF1DoQmMx8Q/KNHzKqtON8WnPzC4tLy5mV7Ora+samvbVdU0EkManigAWy4SNFGBWkqqlmpBFKgrjPSN0fXKZ+/Y5IRQNxq0ch8TjqCdqlGGkjte08dzudQMfDpOXy6BwSeNWKDXNFlMSuceAwaZvLQdvOOQVnDDhLilOSA1NU2vaHieOIE6ExQ0o1i06ovRhJTTEjSdaNFAkRHqAeaRoqECfKi8cbJXDfKB3YDaQ5QsOx+jMRI67UiPtmkiPdV3+9VPzPa0a6e+rFVISRJgJPHupGDOoApvXADpUEazYyBGFJzV8h7iOJsDYlZsclnKU4/l55ltQOC8VSoXRzlCtfTOvIgF2wB/KgCE5AGVyDCqgCDO7BI3gGL9aD9WS9Wm+T0TlrmtkBv2C9fwELSp3m</latexit>

@µF
µ⌫ = �e

Z
d⇠ �2(x� x(⇠))

@x⌫

@⇠
.

<latexit sha1_base64="jg79pKitwYvtRlk+LXno0zgztA0="></latexit>

r0
<latexit sha1_base64="ZCDYVWUi17mZEpmgfOtfBaple7c=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfGyk4MZlRfuANpTJdNIOnUzCzEQooZ/gxoUibv0id/6NkzSIWg9cOJxzL/fe48ecKe04n1ZpaXllda28XtnY3NresXf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ9eZ33mgUrFI3OtpTL0QjwQLGMHaSHdy4AzsqlNzcqBF4hakCgWaA/ujP4xIElKhCcdK9Vwn1l6KpWaE01mlnygaYzLBI9ozVOCQKi/NT52hI6MMURBJU0KjXP05keJQqWnom84Q67H662Xif14v0cGFlzIRJ5oKMl8UJBzpCGV/oyGTlGg+NQQTycytiIyxxESbdCp5CJcZzr5fXiTtk5pbr9VvT6uNqyKOMhzAIRyDC+fQgBtoQgsIjOARnuHF4taT9Wq9zVtLVjGzD79gvX8BGJyNzA==</latexit>

r0 =
m

eE(q)
<latexit sha1_base64="MnWrAeGi+ooIiFpr+UFDQppSiGw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5Ja8bFQCiK4rGAf0IYwmU7aoZNJnJkINQR/xY0LRdz6H+78GydpELUeuHA4517uvccNGZXKsj6Nmdm5+YXFwlJxeWV1bd3c2GzJIBKYNHHAAtFxkSSMctJUVDHSCQVBvstI2x1dpH77jghJA36jxiGxfTTg1KMYKS055rZwrLOeJxCO/SQm8LJ8u584ZsmqWBngNKnmpARyNBzzo9cPcOQTrjBDUnarVqjsGAlFMSNJsRdJEiI8QgPS1ZQjn0g7zq5P4J5W+tALhC6uYKb+nIiRL+XYd3Wnj9RQ/vVS8T+vGynvxI4pDyNFOJ4s8iIGVQDTKGCfCoIVG2uCsKD6VoiHSEehdGDFLITTFEffL0+T1kGlWqvUrg9L9fM8jgLYAbugDKrgGNTBFWiAJsDgHjyCZ/BiPBhPxqvxNmmdMfKZLfALxvsXj32UxQ==</latexit>

L2D = �1

4
Fµ⌫F

µ⌫ �m

Z
dsE ,

<latexit sha1_base64="R3KXeQEZbhY2bVloOIaVojz62s0="></latexit>

“accelerating charge” “circular motion”



Bounce action for particle

1. Charge production (= instanton tunneling to “E=q-e 
outside and E=q inside”):

2. Charge production continues, as far as 
the E-field outside is positive.

B = m(2⇡r0) +
1

2
[(q � e)2 � q2](⇡r20)

<latexit sha1_base64="EyGDscmaaEYlo9k4c2ddOoQW9oE="></latexit>

⇡ 2⇡mr0 � ⇡eE(q)r20
<latexit sha1_base64="8BmYOhDWegECmhG9yO2WNKPK30E=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR68KStOJlIwURXFawF2himUyn7dBJMs5MxBL6CG58FTcuFHHr0p1v4yQtotYfBj7+cw5nzu9xRqWyrE8jMzM7N7+QXcwtLa+srpnrG3UZRgKTGg5ZKJoekoTRgNQUVYw0uSDI9xhpeIOzpN64JULSMLhSQ05cH/UC2qUYKW21zV0HcS7CO1hyOIU+FG0L7sOECTwv3OxBcV3SFmybeatopYLTYE8gDyaqts0PpxPiyCeBwgxJ2bItrtwYCUUxI6OcE0nCER6gHmlpDJBPpBunB43gjnY6sBsK/QIFU/fnRIx8KYe+pzt9pPryby0x/6u1ItU9dmMa8EiRAI8XdSMGVQiTdGCHCoIVG2pAWFD9V4j7SCCsdIa5NISTRIffJ09DvVS0y8Xy5UG+cjqJIwu2wDYoABscgQq4AFVQAxjcg0fwDF6MB+PJeDXexq0ZYzKzCX7JeP8CfyKZzg==</latexit>

@B

@r0
= 0

<latexit sha1_base64="kIR7k3u2ymgiNO9jvs7z2+MOP2o=">AAACCnicbZC7TsMwFIYdrqXcAowshgqJqUop4jKAKlgYi0QvUhNFjuu0Vh0nsh2kKsrMwquwMIAQK0/AxtvgpBG38kuWPv3nHNvn9yJGpbKsD2Nmdm5+YbG0VF5eWV1bNzc22zKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxRpdZvXNLhKQhv1HjiDgBGnDqU4yUtlxzx/YFwokdIaEoYvAi/WbhWumZ5ZoVq2rlgtNQK6ACCjVd893uhzgOCFeYISl7NStSTpJdihlJy3YsSYTwCA1ITyNHAZFOkq+Swj3t9KEfCn24grn7cyJBgZTjwNOdAVJD+beWmf/VerHyT5yE8ihWhOPJQ37MoAphlgvsU0GwYmMNCAuq/wrxEOlslE6vnIdwmunoa+VpaB9Ua/Vq/fqw0jgv4iiBbbAL9kENHIMGuAJN0AIY3IEH8ASejXvj0XgxXietM0YxswV+yXj7BARdmpI=</latexit>

r0 =
m

eE(q)
<latexit sha1_base64="YdWyjJ08ea/7zoF7p2UnMLMElbw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimpFR8LpSCCywr2AW0Ik+mkHTqZxJmJUELAX3HjQhG3foc7/8ZJGkStBy4czrmXe+9xQ0alsqxPozA3v7C4VFwurayurW+Ym1ttGUQCkxYOWCC6LpKEUU5aiipGuqEgyHcZ6bjjy9Tv3BMhacBv1SQkto+GnHoUI6Ulx9wRjnUO+55AOPaTmMCryt1B4phlq2plgLOklpMyyNF0zI/+IMCRT7jCDEnZq1mhsmMkFMWMJKV+JEmI8BgNSU9Tjnwi7Tg7P4H7WhlALxC6uIKZ+nMiRr6UE9/VnT5SI/nXS8X/vF6kvFM7pjyMFOF4usiLGFQBTLOAAyoIVmyiCcKC6lshHiEdhdKJlbIQzlIcf788S9qH1Vq9Wr85Kjcu8jiKYBfsgQqogRPQANegCVoAgxg8gmfwYjwYT8ar8TZtLRj5zDb4BeP9C+hklO8=</latexit>

SE = m

Z
dsE +

1

4

Z
d2xEF

2
µ⌫ ;

<latexit sha1_base64="gNFSSRd4oKjSmkEYvdxBoGzVPhQ="></latexit>

B =
⇡m2

eE(q)
<latexit sha1_base64="6VHNink8fcVLe2EO0DMJYQ/T96M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuilpKz4WSlEElxXsA5pYJtNJO3TycGYilBDc+CtuXCji1q9w5984SYOo9cCFwzn3cu89dsCokIbxqeVmZufmF/KLhaXlldU1fX2jJfyQY9LEPvN5x0aCMOqRpqSSkU7ACXJtRtr26Dzx23eEC+p713IcEMtFA486FCOppJ6+dXYCTYcjHJkBhe5NNY4IvCjd7sU9vWiUjRRwmlQyUgQZGj39w+z7OHSJJzFDQnQrRiCtCHFJMSNxwQwFCRAeoQHpKuohlwgrSl+I4a5S+tDxuSpPwlT9OREhV4ixa6tOF8mh+Osl4n9eN5TOkRVRLwgl8fBkkRMyKH2Y5AH7lBMs2VgRhDlVt0I8RCoQqVIrpCEcJzj4fnmatKrlSq1cu9ov1k+zOPJgG+yAEqiAQ1AHl6ABmgCDe/AInsGL9qA9aa/a26Q1p2Uzm+AXtPcvVz2WPQ==</latexit>

P (q ! q � e) ⇡ exp
⇣
� 1

~ B
⌘
=

⇣
� ⇡m2

~ eE(q)

⌘

<latexit sha1_base64="kYuaLSUi6d0wIsplKLOuZ77i6Uo="></latexit>

B = SE(instanton)� SE(background),
<latexit sha1_base64="xJfizS0FNJTxgrCVoIyKKJ1dGik=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiAkYMLEiMtBCYrgMaJZIAmhp9OJjT3dQ3eNEIZ8hRd/xYsHRbyKN//GzkJQ44OCx3tVVNXzAsENuO6XE5uZnZtfiC8mlpZXVteS6xsVo0JNWZkqoXTNI4YJLlkZOAhWCzQjvidY1bs7H/jVe6YNV/IGegFr+qQreYdTAlZqJbNnJ9eti3TU0D7m0gCRoGQ/k52IHqF3Xa1C2e5ndlvJlJtzh8DTJD8mKTRGqZX8bLQVDX0mgQpiTD3vBtCMiAZOBesnGqFhgd1AuqxuqSQ+M81o+FYf71iljTtK25KAh+rPiYj4xvR8z3b6BG7NX28g/ufVQ+gcNSMugxCYpKNFnVBgUHiQEW5zzSiIniWEam5vxfSWaELBJpkYhnA8wMHk5WlS2cvlC7nC1X6qeDqOI4620DZKozw6REV0iUqojCh6QE/oBb06j86z8+a8j1pjznhmE/2C8/EN0UaerA==</latexit>



Membranes from four-form
• The four-form flux can reduce due to the 

membrane nucleation. [Brown, Teitelboim, 1987]

q � e
<latexit sha1_base64="N2FmFYv0x0/3SK+DfAMndEcPJxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb1IwYvHisYW2lA222m7dLOJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtLyyulZcL21sbm3vlHf3HnScKoY+i0WsmiHVKLhE33AjsJkopFEosBEOryd+4wmV5rG8N6MEg4j2Je9xRo2V7h5PsFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9dUyOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sIMi6T1KBks0W9VBATk8nfpMsVMiNGllCmuL2VsAFVlBmbTsmG4M2/vEj80+pl1bs9q9Su8jSKcACHcAwenEMNbqAOPjDowzO8wpsjnBfn3fmYtRacfGYf/sD5/AFwco1r</latexit><latexit sha1_base64="N2FmFYv0x0/3SK+DfAMndEcPJxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb1IwYvHisYW2lA222m7dLOJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtLyyulZcL21sbm3vlHf3HnScKoY+i0WsmiHVKLhE33AjsJkopFEosBEOryd+4wmV5rG8N6MEg4j2Je9xRo2V7h5PsFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9dUyOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sIMi6T1KBks0W9VBATk8nfpMsVMiNGllCmuL2VsAFVlBmbTsmG4M2/vEj80+pl1bs9q9Su8jSKcACHcAwenEMNbqAOPjDowzO8wpsjnBfn3fmYtRacfGYf/sD5/AFwco1r</latexit><latexit sha1_base64="N2FmFYv0x0/3SK+DfAMndEcPJxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb1IwYvHisYW2lA222m7dLOJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtLyyulZcL21sbm3vlHf3HnScKoY+i0WsmiHVKLhE33AjsJkopFEosBEOryd+4wmV5rG8N6MEg4j2Je9xRo2V7h5PsFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9dUyOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sIMi6T1KBks0W9VBATk8nfpMsVMiNGllCmuL2VsAFVlBmbTsmG4M2/vEj80+pl1bs9q9Su8jSKcACHcAwenEMNbqAOPjDowzO8wpsjnBfn3fmYtRacfGYf/sD5/AFwco1r</latexit><latexit sha1_base64="N2FmFYv0x0/3SK+DfAMndEcPJxg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb1IwYvHisYW2lA222m7dLOJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtLyyulZcL21sbm3vlHf3HnScKoY+i0WsmiHVKLhE33AjsJkopFEosBEOryd+4wmV5rG8N6MEg4j2Je9xRo2V7h5PsFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9dUyOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sIMi6T1KBks0W9VBATk8nfpMsVMiNGllCmuL2VsAFVlBmbTsmG4M2/vEj80+pl1bs9q9Su8jSKcACHcAwenEMNbqAOPjDowzO8wpsjnBfn3fmYtRacfGYf/sD5/AFwco1r</latexit>

q
<latexit sha1_base64="xYone0MKsR2hu/ih4hw52z2U3GI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7bRdu9nE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsH9zpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jemXGCQUQHkvc5o8ZKjcduueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDSNaMxQ==</latexit><latexit sha1_base64="xYone0MKsR2hu/ih4hw52z2U3GI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7bRdu9nE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsH9zpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jemXGCQUQHkvc5o8ZKjcduueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDSNaMxQ==</latexit><latexit sha1_base64="xYone0MKsR2hu/ih4hw52z2U3GI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7bRdu9nE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsH9zpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jemXGCQUQHkvc5o8ZKjcduueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDSNaMxQ==</latexit><latexit sha1_base64="xYone0MKsR2hu/ih4hw52z2U3GI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7bRdu9nE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsH9zpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jemXGCQUQHkvc5o8ZKjcduueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDSNaMxQ==</latexit>

4D 4-form

Eq. of motion for flux:

q = en :
<latexit sha1_base64="2qCDqVnEgkQI9tlsA9cWkvFUA+s=">AAAB7HicdZDLSsNAFIYn9VbrrerSzWARXJWkSrSCUnDjsoK9QBvKZHrSjp1M4sxEKKHv4MaFilsfyJ1v46StoKI/DHz85xzmnN+POVPatj+s3MLi0vJKfrWwtr6xuVXc3mmqKJEUGjTikWz7RAFnAhqaaQ7tWAIJfQ4tf3SZ1Vv3IBWLxI0ex+CFZCBYwCjRxmrenQMWZ71iyS7btu26VTwFx3Vm4B5VsJOBUQnNVe8V37v9iCYhCE05Uarj2LH2UiI1oxwmhW6iICZ0RAbQMShICMpLp9tO8IFx+jiIpHlC46n7fSIloVLj0DedIdFD9buWmX/VOokOTr2UiTjRIOjsoyDhWEc4Ox33mQSq+dgAoZKZXTEdEkmoNgEVTAhfl+L/oVEpV8vO9XGpdjFPI4/20D46RA46QTV0heqogSi6RQ/oCT1bkfVovVivs9acNZ/ZRT9kvX0CY6WOiQ==</latexit><latexit sha1_base64="2qCDqVnEgkQI9tlsA9cWkvFUA+s=">AAAB7HicdZDLSsNAFIYn9VbrrerSzWARXJWkSrSCUnDjsoK9QBvKZHrSjp1M4sxEKKHv4MaFilsfyJ1v46StoKI/DHz85xzmnN+POVPatj+s3MLi0vJKfrWwtr6xuVXc3mmqKJEUGjTikWz7RAFnAhqaaQ7tWAIJfQ4tf3SZ1Vv3IBWLxI0ex+CFZCBYwCjRxmrenQMWZ71iyS7btu26VTwFx3Vm4B5VsJOBUQnNVe8V37v9iCYhCE05Uarj2LH2UiI1oxwmhW6iICZ0RAbQMShICMpLp9tO8IFx+jiIpHlC46n7fSIloVLj0DedIdFD9buWmX/VOokOTr2UiTjRIOjsoyDhWEc4Ox33mQSq+dgAoZKZXTEdEkmoNgEVTAhfl+L/oVEpV8vO9XGpdjFPI4/20D46RA46QTV0heqogSi6RQ/oCT1bkfVovVivs9acNZ/ZRT9kvX0CY6WOiQ==</latexit><latexit sha1_base64="2qCDqVnEgkQI9tlsA9cWkvFUA+s=">AAAB7HicdZDLSsNAFIYn9VbrrerSzWARXJWkSrSCUnDjsoK9QBvKZHrSjp1M4sxEKKHv4MaFilsfyJ1v46StoKI/DHz85xzmnN+POVPatj+s3MLi0vJKfrWwtr6xuVXc3mmqKJEUGjTikWz7RAFnAhqaaQ7tWAIJfQ4tf3SZ1Vv3IBWLxI0ex+CFZCBYwCjRxmrenQMWZ71iyS7btu26VTwFx3Vm4B5VsJOBUQnNVe8V37v9iCYhCE05Uarj2LH2UiI1oxwmhW6iICZ0RAbQMShICMpLp9tO8IFx+jiIpHlC46n7fSIloVLj0DedIdFD9buWmX/VOokOTr2UiTjRIOjsoyDhWEc4Ox33mQSq+dgAoZKZXTEdEkmoNgEVTAhfl+L/oVEpV8vO9XGpdjFPI4/20D46RA46QTV0heqogSi6RQ/oCT1bkfVovVivs9acNZ/ZRT9kvX0CY6WOiQ==</latexit><latexit sha1_base64="2qCDqVnEgkQI9tlsA9cWkvFUA+s=">AAAB7HicdZDLSsNAFIYn9VbrrerSzWARXJWkSrSCUnDjsoK9QBvKZHrSjp1M4sxEKKHv4MaFilsfyJ1v46StoKI/DHz85xzmnN+POVPatj+s3MLi0vJKfrWwtr6xuVXc3mmqKJEUGjTikWz7RAFnAhqaaQ7tWAIJfQ4tf3SZ1Vv3IBWLxI0ex+CFZCBYwCjRxmrenQMWZ71iyS7btu26VTwFx3Vm4B5VsJOBUQnNVe8V37v9iCYhCE05Uarj2LH2UiI1oxwmhW6iICZ0RAbQMShICMpLp9tO8IFx+jiIpHlC46n7fSIloVLj0DedIdFD9buWmX/VOokOTr2UiTjRIOjsoyDhWEc4Ox33mQSq+dgAoZKZXTEdEkmoNgEVTAhfl+L/oVEpV8vO9XGpdjFPI4/20D46RA46QTV0heqogSi6RQ/oCT1bkfVovVivs9acNZ/ZRT9kvX0CY6WOiQ==</latexit>

Flux quantization in microscopic theory.

1. Closed membrane production (= instanton 
tunneling to “q-e inside and q outside”):

2. Membranes would keep being produced inside 
as far as the flux outside is nonzero.

[Coleman, 1977]r0 =
3T

�⇤
<latexit sha1_base64="nl6WIIfmg/IoPYwXqxYvnBExsI0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqqRWfCyUgi5cuKjQFzQhTCaTdujkwcxEKCErN/6KGxeKuPUb3Pk3TtIgaj1w4XDOvTP3HidiVEjD+NRKc/MLi0vl5crK6tr6hr651RVhzDHp4JCFvO8gQRgNSEdSyUg/4gT5DiM9Z3yZ+b07wgUNg7acRMTy0TCgHsVIKsnWd7ltnJseRzhptNPEvCJMImjeqBdclNp61agZOeAsqRekCgq0bP3DdEMc+ySQmCEhBnUjklaCuKSYkbRixoJECI/RkAwUDZBPhJXkZ6RwXyku9EKuKpAwV39OJMgXYuI7qtNHciT+epn4nzeIpXdqJTSIYkkCPP3IixmUIcwygS7lBEs2UQRhTtWuEI+QykSq5Cp5CGcZjr9PniXdw1q9UWvcHlWbF0UcZbAD9sABqIMT0ATXoAU6AIN78AiewYv2oD1pr9rbtLWkFTPb4Be09y+UHZiw</latexit>

B = T
⇣
2⇡2r30

⌘
��⇤

⇣⇡2

2
r40

⌘
,

<latexit sha1_base64="kmHsTN0kEwbZzjv+2SWO1AACPbk="></latexit>

P (q ! q � e) ⇡ exp
⇣
� 27⇡2T 2

2(�⇤)3

⌘
, �⇤ = ⇤e↵(q)� ⇤e↵(q � e) > 0.

<latexit sha1_base64="yltnKzDVmAS0PvmpEsWV6PzQIM8="></latexit>



Gravity effects on bubbles
• The tunneling probability is corrected by dS 

curvature radius as

• Membrane production stops when the 
cosmological constant is positive and the smallest.

[Brown, Teitelboim, 1987]

P (q ! q � e) = exp
⇣
� 27⇡2

T
2

2(�⇤)3
1

(1 + 1
4r

2
0H

2)2

⌘
⇡ exp

⇣
� 24⇡2

M
4
P

⇤e↵

⌘
.

<latexit sha1_base64="6g+zd0lr+Dm3vQaH+tbkozWoFQw="></latexit>

[Coleman, de Luccia, 1980]

r0 =
3T

�⇤
:

<latexit sha1_base64="xhX7ongj3ayrrPLKDjGZlfoN1Xo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFcldSKL1AKunDhokJf0IQwmUzaoZMHMxOhhOzc+CtuXCji1l9w5984SYOo9cCFwzn3ztx7nIhRIQ3jU5uZnZtfWCwtlZdXVtfW9Y3NjghjjkkbhyzkPQcJwmhA2pJKRnoRJ8h3GOk6o8vM794RLmgYtOQ4IpaPBgH1KEZSSba+w23jHJoeRzipt9LEvCJMIvNGveCi9MzWK0bVyAGnSa0gFVCgaesfphvi2CeBxAwJ0a8ZkbQSxCXFjKRlMxYkQniEBqSvaIB8IqwkvyOFe0pxoRdyVYGEufpzIkG+EGPfUZ0+kkPx18vE/7x+LL0TK6FBFEsS4MlHXsygDGEWCnQpJ1iysSIIc6p2hXiIVCZSRVfOQzjNcPR98jTpHFRr9Wr99rDSuCjiKIFtsAv2QQ0cgwa4Bk3QBhjcg0fwDF60B+1Je9XeJq0zWjGzBX5Be/8CF8eY9A==</latexit>

Bubble radius with no gravity.
⇤e↵ ⌧ T 2

M2
P

<latexit sha1_base64="JRUIA5ecf2UK47POfZp8JxHCX04=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVdJWfGyk4MaFQoW+oEnDZDJph04mYWYilJA/cOOvuHGhiFu37vwbpw9ErQcGDuecy517vJhRqSzr08gtLC4tr+RXC2vrG5tb5vZOS0aJwKSJIxaJjockYZSTpqKKkU4sCAo9Rtre8HLst++IkDTiDTWKiROiPqcBxUhpyTUP7Wsd9pGb2iKEJAgymzFoBwLhtNGrZOlNr+LWM9csWiVrAjhPyjNSBDPUXfPD9iOchIQrzJCU3bIVKydFQlHMSFawE0lihIeoT7qachQS6aSTezJ4oBUfBpHQjys4UX9OpCiUchR6OhkiNZB/vbH4n9dNVHDmpJTHiSIcTxcFCYMqguNyoE8FwYqNNEFYUP1XiAdId6F0hYVJCedjnHyfPE9alVK5WqreHhdrF7M68mAP7IMjUAanoAauQB00AQb34BE8gxfjwXgyXo23aTRnzGZ2wS8Y71+hTZyG</latexit>

H
�1

<latexit sha1_base64="1p23rJdwtG126fRtSmtNdKjVoYY=">AAAB7XicbVDLSsNAFL2pr1pfVZduBovgxpJY8bGRgpsuK9gHtLFMppN27CQTZiZCCf0HNy4Ucev/uPNvnKRBfB24cDjnXu69x4s4U9q2P6zCwuLS8kpxtbS2vrG5Vd7eaSsRS0JbRHAhux5WlLOQtjTTnHYjSXHgcdrxJlep37mnUjER3uhpRN0Aj0LmM4K1kdqN2+TImQ3KFbtqZ0B/iZOTCuRoDsrv/aEgcUBDTThWqufYkXYTLDUjnM5K/VjRCJMJHtGeoSEOqHKT7NoZOjDKEPlCmgo1ytTvEwkOlJoGnukMsB6r314q/uf1Yu2fuwkLo1jTkMwX+TFHWqD0dTRkkhLNp4ZgIpm5FZExlphoE1ApC+EixenXy39J+7jq1Kq165NK/TKPowh7sA+H4MAZ1KEBTWgBgTt4gCd4toT1aL1Yr/PWgpXP7MIPWG+fB32O5Q==</latexit>

H
�1

<latexit sha1_base64="1p23rJdwtG126fRtSmtNdKjVoYY=">AAAB7XicbVDLSsNAFL2pr1pfVZduBovgxpJY8bGRgpsuK9gHtLFMppN27CQTZiZCCf0HNy4Ucev/uPNvnKRBfB24cDjnXu69x4s4U9q2P6zCwuLS8kpxtbS2vrG5Vd7eaSsRS0JbRHAhux5WlLOQtjTTnHYjSXHgcdrxJlep37mnUjER3uhpRN0Aj0LmM4K1kdqN2+TImQ3KFbtqZ0B/iZOTCuRoDsrv/aEgcUBDTThWqufYkXYTLDUjnM5K/VjRCJMJHtGeoSEOqHKT7NoZOjDKEPlCmgo1ytTvEwkOlJoGnukMsB6r314q/uf1Yu2fuwkLo1jTkMwX+TFHWqD0dTRkkhLNp4ZgIpm5FZExlphoE1ApC+EixenXy39J+7jq1Kq165NK/TKPowh7sA+H4MAZ1KEBTWgBgTt4gCd4toT1aL1Yr/PWgpXP7MIPWG+fB32O5Q==</latexit>

Hubble volume

Small tension Large tension



• Four-form fluxes are dynamical in higher 
dimension; M-theory contains M2-brane 
and M5-brane as sources.

M5-brane wrapped on 3-cycle:

M2-brane:

⌧N3+1 = 2⇡M3
11,

<latexit sha1_base64="X09d1Tzx3MB/N5AQtMl2RCXkJhc=">AAACA3icbVBNS8NAEN34WetX1GMvi0UQlJK0gnpQCl68KBWMLTQxbLbbdulmE3Y3Qgk5ePGvePGg4tU/4c1/47bNQVsfDDzem2FmXhAzKpVlfRtz8wuLS8uFleLq2vrGprm1fSejRGDi4IhFohUgSRjlxFFUMdKKBUFhwEgzGFyM/OYDEZJG/FYNY+KFqMdpl2KktOSbJVehxE+v/dqBnZ1V3ZjCq/uan9p2duibZatijQFniZ2TMsjR8M0vtxPhJCRcYYakbNtWrLwUCUUxI1nRTSSJER6gHmlrylFIpJeOn8jgnlY6sBsJXVzBsfp7IkWhlMMw0J0hUn057Y3E/7x2oronXkp5nCjC8WRRN2FQRXCUCOxQQbBiQ00QFlTfCnEfCYSVzq2oQ7CnX54lTrVyWrFvjsr18zyNAiiBXbAPbHAM6uASNIADMHgEz+AVvBlPxovxbnxMWueMfGYH/IHx+QOMBJZJ</latexit><latexit sha1_base64="X09d1Tzx3MB/N5AQtMl2RCXkJhc=">AAACA3icbVBNS8NAEN34WetX1GMvi0UQlJK0gnpQCl68KBWMLTQxbLbbdulmE3Y3Qgk5ePGvePGg4tU/4c1/47bNQVsfDDzem2FmXhAzKpVlfRtz8wuLS8uFleLq2vrGprm1fSejRGDi4IhFohUgSRjlxFFUMdKKBUFhwEgzGFyM/OYDEZJG/FYNY+KFqMdpl2KktOSbJVehxE+v/dqBnZ1V3ZjCq/uan9p2duibZatijQFniZ2TMsjR8M0vtxPhJCRcYYakbNtWrLwUCUUxI1nRTSSJER6gHmlrylFIpJeOn8jgnlY6sBsJXVzBsfp7IkWhlMMw0J0hUn057Y3E/7x2oronXkp5nCjC8WRRN2FQRXCUCOxQQbBiQ00QFlTfCnEfCYSVzq2oQ7CnX54lTrVyWrFvjsr18zyNAiiBXbAPbHAM6uASNIADMHgEz+AVvBlPxovxbnxMWueMfGYH/IHx+QOMBJZJ</latexit><latexit sha1_base64="X09d1Tzx3MB/N5AQtMl2RCXkJhc=">AAACA3icbVBNS8NAEN34WetX1GMvi0UQlJK0gnpQCl68KBWMLTQxbLbbdulmE3Y3Qgk5ePGvePGg4tU/4c1/47bNQVsfDDzem2FmXhAzKpVlfRtz8wuLS8uFleLq2vrGprm1fSejRGDi4IhFohUgSRjlxFFUMdKKBUFhwEgzGFyM/OYDEZJG/FYNY+KFqMdpl2KktOSbJVehxE+v/dqBnZ1V3ZjCq/uan9p2duibZatijQFniZ2TMsjR8M0vtxPhJCRcYYakbNtWrLwUCUUxI1nRTSSJER6gHmlrylFIpJeOn8jgnlY6sBsJXVzBsfp7IkWhlMMw0J0hUn057Y3E/7x2oronXkp5nCjC8WRRN2FQRXCUCOxQQbBiQ00QFlTfCnEfCYSVzq2oQ7CnX54lTrVyWrFvjsr18zyNAiiBXbAPbHAM6uASNIADMHgEz+AVvBlPxovxbnxMWueMfGYH/IHx+QOMBJZJ</latexit><latexit sha1_base64="X09d1Tzx3MB/N5AQtMl2RCXkJhc=">AAACA3icbVBNS8NAEN34WetX1GMvi0UQlJK0gnpQCl68KBWMLTQxbLbbdulmE3Y3Qgk5ePGvePGg4tU/4c1/47bNQVsfDDzem2FmXhAzKpVlfRtz8wuLS8uFleLq2vrGprm1fSejRGDi4IhFohUgSRjlxFFUMdKKBUFhwEgzGFyM/OYDEZJG/FYNY+KFqMdpl2KktOSbJVehxE+v/dqBnZ1V3ZjCq/uan9p2duibZatijQFniZ2TMsjR8M0vtxPhJCRcYYakbNtWrLwUCUUxI1nRTSSJER6gHmlrylFIpJeOn8jgnlY6sBsJXVzBsfp7IkWhlMMw0J0hUn057Y3E/7x2oronXkp5nCjC8WRRN2FQRXCUCOxQQbBiQ00QFlTfCnEfCYSVzq2oQ7CnX54lTrVyWrFvjsr18zyNAiiBXbAPbHAM6uASNIADMHgEz+AVvBlPxovxbnxMWueMfGYH/IHx+QOMBJZJ</latexit>

Large volume compactified on 3-cycles
can lead to a small membrane tension and charge. 

(M2
P = 2⇡M9

11V7)
<latexit sha1_base64="XcTQKT3jSIsPR+7Ud+y3Z7veKW0=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCvZSkCLUHpeDFS6GCaQttGjbbTbt0swm7G6GE4sW/4sWDilf/hTf/jds2B219MPB4b4aZeX7MqFSW9W2srK6tb2zmtvLbO7t7++bBYVNGicDEwRGLRNtHkjDKiaOoYqQdC4JCn5GWP7qZ+q0HIiSN+L0ax8QN0YDTgGKktOSZx8V6r+w1rsrdmMJ6r+qltj2BTa9y7pkFq2TNAJeJnZECyNDwzK9uP8JJSLjCDEnZsa1YuSkSimJGJvluIkmM8AgNSEdTjkIi3XT2wgSeaaUPg0jo4grO1N8TKQqlHIe+7gyRGspFbyr+53USFVy6KeVxogjH80VBwqCK4DQP2KeCYMXGmiAsqL4V4iESCCudWl6HYC++vEyccqlasu8uCrXrLI0cOAGnoAhsUAE1cAsawAEYPIJn8ArejCfjxXg3PuatK0Y2cwT+wPj8AevilL8=</latexit><latexit sha1_base64="XcTQKT3jSIsPR+7Ud+y3Z7veKW0=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCvZSkCLUHpeDFS6GCaQttGjbbTbt0swm7G6GE4sW/4sWDilf/hTf/jds2B219MPB4b4aZeX7MqFSW9W2srK6tb2zmtvLbO7t7++bBYVNGicDEwRGLRNtHkjDKiaOoYqQdC4JCn5GWP7qZ+q0HIiSN+L0ax8QN0YDTgGKktOSZx8V6r+w1rsrdmMJ6r+qltj2BTa9y7pkFq2TNAJeJnZECyNDwzK9uP8JJSLjCDEnZsa1YuSkSimJGJvluIkmM8AgNSEdTjkIi3XT2wgSeaaUPg0jo4grO1N8TKQqlHIe+7gyRGspFbyr+53USFVy6KeVxogjH80VBwqCK4DQP2KeCYMXGmiAsqL4V4iESCCudWl6HYC++vEyccqlasu8uCrXrLI0cOAGnoAhsUAE1cAsawAEYPIJn8ArejCfjxXg3PuatK0Y2cwT+wPj8AevilL8=</latexit><latexit sha1_base64="XcTQKT3jSIsPR+7Ud+y3Z7veKW0=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCvZSkCLUHpeDFS6GCaQttGjbbTbt0swm7G6GE4sW/4sWDilf/hTf/jds2B219MPB4b4aZeX7MqFSW9W2srK6tb2zmtvLbO7t7++bBYVNGicDEwRGLRNtHkjDKiaOoYqQdC4JCn5GWP7qZ+q0HIiSN+L0ax8QN0YDTgGKktOSZx8V6r+w1rsrdmMJ6r+qltj2BTa9y7pkFq2TNAJeJnZECyNDwzK9uP8JJSLjCDEnZsa1YuSkSimJGJvluIkmM8AgNSEdTjkIi3XT2wgSeaaUPg0jo4grO1N8TKQqlHIe+7gyRGspFbyr+53USFVy6KeVxogjH80VBwqCK4DQP2KeCYMXGmiAsqL4V4iESCCudWl6HYC++vEyccqlasu8uCrXrLI0cOAGnoAhsUAE1cAsawAEYPIJn8ArejCfjxXg3PuatK0Y2cwT+wPj8AevilL8=</latexit><latexit sha1_base64="XcTQKT3jSIsPR+7Ud+y3Z7veKW0=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCvZSkCLUHpeDFS6GCaQttGjbbTbt0swm7G6GE4sW/4sWDilf/hTf/jds2B219MPB4b4aZeX7MqFSW9W2srK6tb2zmtvLbO7t7++bBYVNGicDEwRGLRNtHkjDKiaOoYqQdC4JCn5GWP7qZ+q0HIiSN+L0ax8QN0YDTgGKktOSZx8V6r+w1rsrdmMJ6r+qltj2BTa9y7pkFq2TNAJeJnZECyNDwzK9uP8JJSLjCDEnZsa1YuSkSimJGJvluIkmM8AgNSEdTjkIi3XT2wgSeaaUPg0jo4grO1N8TKQqlHIe+7gyRGspFbyr+53USFVy6KeVxogjH80VBwqCK4DQP2KeCYMXGmiAsqL4V4iESCCudWl6HYC++vEyccqlasu8uCrXrLI0cOAGnoAhsUAE1cAsawAEYPIJn8ArejCfjxXg3PuatK0Y2cwT+wPj8AevilL8=</latexit>

Membrane tension and charge can be separate 
in a non-supersymmetric low energy theory:

a small membrane charge is possible and technically natural. 

Membrane tensions and charges in 4D.

Origin of four-forms

[Bousso, Polchinski, 2000]

⌧i = 2⇡M6
11V3,i,

<latexit sha1_base64="LmyHsECfKeSDIiadCmRe/T9I6Ss=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclJK0UnWhFNy4ESrYBzQxTKbTdujkwcxEKCErN/6KGxeKuPUb3Pk3TtIgaj1w4XDOvdx7jxsyKqRhfGpz8wuLS8uFleLq2vrGpr613RZBxDFp4YAFvOsiQRj1SUtSyUg35AR5LiMdd3yR+p07wgUN/Bs5CYntoaFPBxQjqSRH37Mkihx6VrVCCq9u605smglsO3GtTJOyo5eMipEBzhIzJyWQo+noH1Y/wJFHfIkZEqJnGqG0Y8QlxYwkRSsSJER4jIakp6iPPCLsOHsjgQdK6cNBwFX5Embqz4kYeUJMPFd1ekiOxF8vFf/zepEcnNgx9cNIEh9PFw0iBmUA00xgn3KCJZsogjCn6laIR4gjLFVyxSyE0xT175dnSbtaMWuV2vVRqXGex1EAu2AfHAITHIMGuARN0AIY3INH8AxetAftSXvV3qatc1o+swN+QXv/AtMul40=</latexit>

qN3+1 =
(2⇡)1/2

M3/2
11 V 1/2

7

.
<latexit sha1_base64="kzrLB9bb+aTnPmvR7EQ860Aomuw="></latexit>

, i  N3
<latexit sha1_base64="T3rVkXl36Nf4XXYefBZNkL0R2LM=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwISW14mMjBTeupIJ9QBPCZDJph04m6cykUEL/xI0LRdz6J+78GydpELUeuHA4517uvceLGZXKsj6N0tLyyupaeb2ysbm1vWPu7nVklAhM2jhikeh5SBJGOWkrqhjpxYKg0GOk641uMr87IULSiD+oaUycEA04DShGSkuuaZ7Y4wT5kNqMjOGd23DNqlWzcsBFUi9IFRRoueaH7Uc4CQlXmCEp+3UrVk6KhKKYkVnFTiSJER6hAelrylFIpJPml8/gkVZ8GERCF1cwV39OpCiUchp6ujNEaij/epn4n9dPVHDppJTHiSIczxcFCYMqglkM0KeCYMWmmiAsqL4V4iESCCsdViUP4SrD+ffLi6RzWqs3ao37s2rzuoijDA7AITgGdXABmuAWtEAbYDABj+AZvBip8WS8Gm/z1pJRzOyDXzDevwAwcJLY</latexit>

⇣
q2i =

2⌧2i
M2

P

⌘

<latexit sha1_base64="aVx6+NMcwKqcaW7/GgOSclofqg0=">AAACEXicbVBLSwMxGMzWV62vVY9egkWol7Lbio+DUvTiRahgW6G7Ltk024ZmHyZZoSz7F7z4V7x4UMSrN2/+G7PbImodCBlm5iP5xo0YFdIwPrXCzOzc/EJxsbS0vLK6pq9vtEUYc0xaOGQhv3aRIIwGpCWpZOQ64gT5LiMdd3iW+Z07wgUNgys5iojto35APYqRVJKjV6xT2q/c3tQcegwtjyOc1CyJ4kxIkwt1NdMssuvoZaNq5IDTxJyQMpig6egfVi/EsU8CiRkSomsakbQTxCXFjKQlKxYkQniI+qSraIB8Iuwk3yiFO0rpQS/k6gQS5urPiQT5Qox8VyV9JAfir5eJ/3ndWHqHdkKDKJYkwOOHvJhBGcKsHtijnGDJRoogzKn6K8QDpGqRqsRSXsJRhv3vladJu1Y169X65V65cTKpowi2wDaoABMcgAY4B03QAhjcg0fwDF60B+1Je9XextGCNpnZBL+gvX8BoKmcZQ==</latexit>



• M-theory compactified on the manifold with 
multiple 3-cycles leads to enough number of four-
form fluxes for the accurate cancellation of C. C. 

Multiple four-forms and C.C.

[Bousso, Polchinski, 2000]
p
2⇤ < r =

sX

i

n2
i e

2
i <

p
2(⇤+�⇤)

<latexit sha1_base64="XNH0LNWTowSeYwMjvfwHVNyWFKA="></latexit><latexit sha1_base64="XNH0LNWTowSeYwMjvfwHVNyWFKA="></latexit><latexit sha1_base64="XNH0LNWTowSeYwMjvfwHVNyWFKA="></latexit><latexit sha1_base64="XNH0LNWTowSeYwMjvfwHVNyWFKA="></latexit>

r
<latexit sha1_base64="4vlKZM4oZGI91dGAPNupgskVFQY=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipqXqVqltzZyDLxCtIFQo0epWvbj9hWYzSMEG17nhuaoKcKsOZwEm5m2lMKRvRAXYslTRGHeSzQyfk1Cp9EiXKljRkpv6eyGms9TgObWdMzVAvelPxP6+TmegqyLlMM4OSzRdFmSAmIdOvSZ8rZEaMLaFMcXsrYUOqKDM2m7INwVt8eZn457Xrmte8qNZvijRKcAwncAYeXEId7qABPjBAeIZXeHMenRfn3fmYt644xcwR/IHz+QNKWYzG</latexit><latexit sha1_base64="4vlKZM4oZGI91dGAPNupgskVFQY=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipqXqVqltzZyDLxCtIFQo0epWvbj9hWYzSMEG17nhuaoKcKsOZwEm5m2lMKRvRAXYslTRGHeSzQyfk1Cp9EiXKljRkpv6eyGms9TgObWdMzVAvelPxP6+TmegqyLlMM4OSzRdFmSAmIdOvSZ8rZEaMLaFMcXsrYUOqKDM2m7INwVt8eZn457Xrmte8qNZvijRKcAwncAYeXEId7qABPjBAeIZXeHMenRfn3fmYt644xcwR/IHz+QNKWYzG</latexit><latexit sha1_base64="4vlKZM4oZGI91dGAPNupgskVFQY=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipqXqVqltzZyDLxCtIFQo0epWvbj9hWYzSMEG17nhuaoKcKsOZwEm5m2lMKRvRAXYslTRGHeSzQyfk1Cp9EiXKljRkpv6eyGms9TgObWdMzVAvelPxP6+TmegqyLlMM4OSzRdFmSAmIdOvSZ8rZEaMLaFMcXsrYUOqKDM2m7INwVt8eZn457Xrmte8qNZvijRKcAwncAYeXEId7qABPjBAeIZXeHMenRfn3fmYt644xcwR/IHz+QNKWYzG</latexit><latexit sha1_base64="4vlKZM4oZGI91dGAPNupgskVFQY=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipqXqVqltzZyDLxCtIFQo0epWvbj9hWYzSMEG17nhuaoKcKsOZwEm5m2lMKRvRAXYslTRGHeSzQyfk1Cp9EiXKljRkpv6eyGms9TgObWdMzVAvelPxP6+TmegqyLlMM4OSzRdFmSAmIdOvSZ8rZEaMLaFMcXsrYUOqKDM2m7INwVt8eZn457Xrmte8qNZvijRKcAwncAYeXEId7qABPjBAeIZXeHMenRfn3fmYt644xcwR/IHz+QNKWYzG</latexit>

Shell width:

Sufficient grid points within shell:

⇤ ⇠ M4
P , J ⇠ 100 :

<latexit sha1_base64="ME7fDVG3Bm+kXtEqOdkdOYIuTdI=">AAACCHicbVDNS8MwHE39nPOr6tFLcAgexmhl4MdBBl5EFCZYN1hrSdN0C0vakqTCGLt68V/x4kHFq3+CN/8bs64H3XwQeHnv/Uh+L0gZlcqyvo25+YXFpeXSSnl1bX1j09zavpNJJjBxcMIS0Q6QJIzGxFFUMdJOBUE8YKQV9M/HfuuBCEmT+FYNUuJx1I1pRDFSWvJN6F7pcIhcSTm8vq/7zSp0q5f51basU+ibFatm5YCzxC5IBRRo+uaXGyY44yRWmCEpO7aVKm+IhKKYkVHZzSRJEe6jLuloGiNOpDfMNxnBfa2EMEqEPrGCufp7Yoi4lAMe6CRHqienvbH4n9fJVHTsDWmcZorEePJQlDGoEjiuBYZUEKzYQBOEBdV/hbiHBMJKl1fWJdjTK88S57B2UrNv6pXGWdFGCeyCPXAAbHAEGuACNIEDMHgEz+AVvBlPxovxbnxMonNGMbMD/sD4/AH0zJd5</latexit><latexit sha1_base64="ME7fDVG3Bm+kXtEqOdkdOYIuTdI=">AAACCHicbVDNS8MwHE39nPOr6tFLcAgexmhl4MdBBl5EFCZYN1hrSdN0C0vakqTCGLt68V/x4kHFq3+CN/8bs64H3XwQeHnv/Uh+L0gZlcqyvo25+YXFpeXSSnl1bX1j09zavpNJJjBxcMIS0Q6QJIzGxFFUMdJOBUE8YKQV9M/HfuuBCEmT+FYNUuJx1I1pRDFSWvJN6F7pcIhcSTm8vq/7zSp0q5f51basU+ibFatm5YCzxC5IBRRo+uaXGyY44yRWmCEpO7aVKm+IhKKYkVHZzSRJEe6jLuloGiNOpDfMNxnBfa2EMEqEPrGCufp7Yoi4lAMe6CRHqienvbH4n9fJVHTsDWmcZorEePJQlDGoEjiuBYZUEKzYQBOEBdV/hbiHBMJKl1fWJdjTK88S57B2UrNv6pXGWdFGCeyCPXAAbHAEGuACNIEDMHgEz+AVvBlPxovxbnxMonNGMbMD/sD4/AH0zJd5</latexit><latexit sha1_base64="ME7fDVG3Bm+kXtEqOdkdOYIuTdI=">AAACCHicbVDNS8MwHE39nPOr6tFLcAgexmhl4MdBBl5EFCZYN1hrSdN0C0vakqTCGLt68V/x4kHFq3+CN/8bs64H3XwQeHnv/Uh+L0gZlcqyvo25+YXFpeXSSnl1bX1j09zavpNJJjBxcMIS0Q6QJIzGxFFUMdJOBUE8YKQV9M/HfuuBCEmT+FYNUuJx1I1pRDFSWvJN6F7pcIhcSTm8vq/7zSp0q5f51basU+ibFatm5YCzxC5IBRRo+uaXGyY44yRWmCEpO7aVKm+IhKKYkVHZzSRJEe6jLuloGiNOpDfMNxnBfa2EMEqEPrGCufp7Yoi4lAMe6CRHqienvbH4n9fJVHTsDWmcZorEePJQlDGoEjiuBYZUEKzYQBOEBdV/hbiHBMJKl1fWJdjTK88S57B2UrNv6pXGWdFGCeyCPXAAbHAEGuACNIEDMHgEz+AVvBlPxovxbnxMonNGMbMD/sD4/AH0zJd5</latexit><latexit sha1_base64="ME7fDVG3Bm+kXtEqOdkdOYIuTdI=">AAACCHicbVDNS8MwHE39nPOr6tFLcAgexmhl4MdBBl5EFCZYN1hrSdN0C0vakqTCGLt68V/x4kHFq3+CN/8bs64H3XwQeHnv/Uh+L0gZlcqyvo25+YXFpeXSSnl1bX1j09zavpNJJjBxcMIS0Q6QJIzGxFFUMdJOBUE8YKQV9M/HfuuBCEmT+FYNUuJx1I1pRDFSWvJN6F7pcIhcSTm8vq/7zSp0q5f51basU+ibFatm5YCzxC5IBRRo+uaXGyY44yRWmCEpO7aVKm+IhKKYkVHZzSRJEe6jLuloGiNOpDfMNxnBfa2EMEqEPrGCufp7Yoi4lAMe6CRHqienvbH4n9fJVHTsDWmcZorEePJQlDGoEjiuBYZUEKzYQBOEBdV/hbiHBMJKl1fWJdjTK88S57B2UrNv6pXGWdFGCeyCPXAAbHAEGuACNIEDMHgEz+AVvBlPxovxbnxMonNGMbMD/sD4/AH0zJd5</latexit>

ei ⇠ 10�1.6M2
P

<latexit sha1_base64="eMArwyQaF+/H4Pnleb+R28o7swY=">AAAB/nicbVDLSgMxFM3UV62vquDGTbAIbhxmivjYSMGNG6GCYwvtdMikmTY0yQxJRihjF/6KGxcqbv0Od/6NaTsLbT0QOJxzLvfmhAmjSjvOt1VYWFxaXimultbWNza3yts79ypOJSYejlksmyFShFFBPE01I81EEsRDRhrh4GrsNx6IVDQWd3qYEJ+jnqARxUgbKSjvkYC2FeXQdTrZsWufjm461aAelCuO7UwA54mbkwrIYfJf7W6MU06Exgwp1XKdRPsZkppiRkaldqpIgvAA9UjLUIE4UX42uX8ED43ShVEszRMaTtTfExniSg15aJIc6b6a9cbif14r1dG5n1GRpJoIPF0UpQzqGI7LgF0qCdZsaAjCkppbIe4jibA2lZVMCe7sl+eJV7UvbPf2pFK7zNsogn1wAI6AC85ADVyDOvAABo/gGbyCN+vJerHerY9ptGDlM7vgD6zPH/PllE4=</latexit><latexit sha1_base64="eMArwyQaF+/H4Pnleb+R28o7swY=">AAAB/nicbVDLSgMxFM3UV62vquDGTbAIbhxmivjYSMGNG6GCYwvtdMikmTY0yQxJRihjF/6KGxcqbv0Od/6NaTsLbT0QOJxzLvfmhAmjSjvOt1VYWFxaXimultbWNza3yts79ypOJSYejlksmyFShFFBPE01I81EEsRDRhrh4GrsNx6IVDQWd3qYEJ+jnqARxUgbKSjvkYC2FeXQdTrZsWufjm461aAelCuO7UwA54mbkwrIYfJf7W6MU06Exgwp1XKdRPsZkppiRkaldqpIgvAA9UjLUIE4UX42uX8ED43ShVEszRMaTtTfExniSg15aJIc6b6a9cbif14r1dG5n1GRpJoIPF0UpQzqGI7LgF0qCdZsaAjCkppbIe4jibA2lZVMCe7sl+eJV7UvbPf2pFK7zNsogn1wAI6AC85ADVyDOvAABo/gGbyCN+vJerHerY9ptGDlM7vgD6zPH/PllE4=</latexit><latexit sha1_base64="eMArwyQaF+/H4Pnleb+R28o7swY=">AAAB/nicbVDLSgMxFM3UV62vquDGTbAIbhxmivjYSMGNG6GCYwvtdMikmTY0yQxJRihjF/6KGxcqbv0Od/6NaTsLbT0QOJxzLvfmhAmjSjvOt1VYWFxaXimultbWNza3yts79ypOJSYejlksmyFShFFBPE01I81EEsRDRhrh4GrsNx6IVDQWd3qYEJ+jnqARxUgbKSjvkYC2FeXQdTrZsWufjm461aAelCuO7UwA54mbkwrIYfJf7W6MU06Exgwp1XKdRPsZkppiRkaldqpIgvAA9UjLUIE4UX42uX8ED43ShVEszRMaTtTfExniSg15aJIc6b6a9cbif14r1dG5n1GRpJoIPF0UpQzqGI7LgF0qCdZsaAjCkppbIe4jibA2lZVMCe7sl+eJV7UvbPf2pFK7zNsogn1wAI6AC85ADVyDOvAABo/gGbyCN+vJerHerY9ptGDlM7vgD6zPH/PllE4=</latexit><latexit sha1_base64="eMArwyQaF+/H4Pnleb+R28o7swY=">AAAB/nicbVDLSgMxFM3UV62vquDGTbAIbhxmivjYSMGNG6GCYwvtdMikmTY0yQxJRihjF/6KGxcqbv0Od/6NaTsLbT0QOJxzLvfmhAmjSjvOt1VYWFxaXimultbWNza3yts79ypOJSYejlksmyFShFFBPE01I81EEsRDRhrh4GrsNx6IVDQWd3qYEJ+jnqARxUgbKSjvkYC2FeXQdTrZsWufjm461aAelCuO7UwA54mbkwrIYfJf7W6MU06Exgwp1XKdRPsZkppiRkaldqpIgvAA9UjLUIE4UX42uX8ED43ShVEszRMaTtTfExniSg15aJIc6b6a9cbif14r1dG5n1GRpJoIPF0UpQzqGI7LgF0qCdZsaAjCkppbIe4jibA2lZVMCe7sl+eJV7UvbPf2pFK7zNsogn1wAI6AC85ADVyDOvAABo/gGbyCN+vJerHerY9ptGDlM7vgD6zPH/PllE4=</latexit>

�⇤ ⇠ 10�120M4
P .

<latexit sha1_base64="Qfav0/yYJNyNYuScOx1k4JZiFcQ=">AAACC3icbVDNSgMxGMz6W+tf1aOXYBG8uOyWgnqRgh48KFRwbaG7Ldls2oYm2SXJCmXpA3jxVbx4UPHqC3jzbUzbPWjrQGCYmY8v34QJo0o7zre1sLi0vLJaWCuub2xubZd2du9VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wsHF2G88EKloLO70MCEBRz1BuxQjbaROqQz9S8I0gv61GYqQryiHrtPOjt2KM7ppVzt126Qc25kAzhM3J2WQo94pfflRjFNOhMYMKdVynUQHGZKaYkZGRT9VJEF4gHqkZahAnKggmxwzgodGiWA3luYJDSfq74kMcaWGPDRJjnRfzXpj8T+vleruaZBRkaSaCDxd1E0Z1DEcNwMjKgnWbGgIwpKav0LcRxJhbformhLc2ZPniVexz2z3tlqunedtFMA+OABHwAUnoAauQB14AINH8AxewZv1ZL1Y79bHNLpg5TN74A+szx+RcJj0</latexit><latexit sha1_base64="Qfav0/yYJNyNYuScOx1k4JZiFcQ=">AAACC3icbVDNSgMxGMz6W+tf1aOXYBG8uOyWgnqRgh48KFRwbaG7Ldls2oYm2SXJCmXpA3jxVbx4UPHqC3jzbUzbPWjrQGCYmY8v34QJo0o7zre1sLi0vLJaWCuub2xubZd2du9VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wsHF2G88EKloLO70MCEBRz1BuxQjbaROqQz9S8I0gv61GYqQryiHrtPOjt2KM7ppVzt126Qc25kAzhM3J2WQo94pfflRjFNOhMYMKdVynUQHGZKaYkZGRT9VJEF4gHqkZahAnKggmxwzgodGiWA3luYJDSfq74kMcaWGPDRJjnRfzXpj8T+vleruaZBRkaSaCDxd1E0Z1DEcNwMjKgnWbGgIwpKav0LcRxJhbformhLc2ZPniVexz2z3tlqunedtFMA+OABHwAUnoAauQB14AINH8AxewZv1ZL1Y79bHNLpg5TN74A+szx+RcJj0</latexit><latexit sha1_base64="Qfav0/yYJNyNYuScOx1k4JZiFcQ=">AAACC3icbVDNSgMxGMz6W+tf1aOXYBG8uOyWgnqRgh48KFRwbaG7Ldls2oYm2SXJCmXpA3jxVbx4UPHqC3jzbUzbPWjrQGCYmY8v34QJo0o7zre1sLi0vLJaWCuub2xubZd2du9VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wsHF2G88EKloLO70MCEBRz1BuxQjbaROqQz9S8I0gv61GYqQryiHrtPOjt2KM7ppVzt126Qc25kAzhM3J2WQo94pfflRjFNOhMYMKdVynUQHGZKaYkZGRT9VJEF4gHqkZahAnKggmxwzgodGiWA3luYJDSfq74kMcaWGPDRJjnRfzXpj8T+vleruaZBRkaSaCDxd1E0Z1DEcNwMjKgnWbGgIwpKav0LcRxJhbformhLc2ZPniVexz2z3tlqunedtFMA+OABHwAUnoAauQB14AINH8AxewZv1ZL1Y79bHNLpg5TN74A+szx+RcJj0</latexit><latexit sha1_base64="Qfav0/yYJNyNYuScOx1k4JZiFcQ=">AAACC3icbVDNSgMxGMz6W+tf1aOXYBG8uOyWgnqRgh48KFRwbaG7Ldls2oYm2SXJCmXpA3jxVbx4UPHqC3jzbUzbPWjrQGCYmY8v34QJo0o7zre1sLi0vLJaWCuub2xubZd2du9VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wsHF2G88EKloLO70MCEBRz1BuxQjbaROqQz9S8I0gv61GYqQryiHrtPOjt2KM7ppVzt126Qc25kAzhM3J2WQo94pfflRjFNOhMYMKdVynUQHGZKaYkZGRT9VJEF4gHqkZahAnKggmxwzgodGiWA3luYJDSfq74kMcaWGPDRJjnRfzXpj8T+vleruaZBRkaSaCDxd1E0Z1DEcNwMjKgnWbGgIwpKav0LcRxJhbformhLc2ZPniVexz2z3tlqunedtFMA+OABHwAUnoAauQB14AINH8AxewZv1ZL1Y79bHNLpg5TN74A+szx+RcJj0</latexit>

�r =
�⇤p
2⇤

,
<latexit sha1_base64="iQLW9z/4ZhAP4et1/TaFTGvBHMU=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4kDJTBHWhFHThwkUFawudoWQymTY08zC5I5RhfsONv+LGhYrb7vwb03YEbT0QOPece5Pc48aCKzDNL6OwsLi0vFJcLa2tb2xulbd37lWUSMqaNBKRbLtEMcFD1gQOgrVjyUjgCtZyB5djv/XIpOJReAfDmDkB6YXc55SAlrpl075iAgiW57YvCU3z0r7RV3gkS231ICGt/dTZUbdcMavmBHieWDmpoByNbnlkexFNAhYCFUSpjmXG4KREAqeCZSU7USwmdEB6rKNpSAKmnHSyWYYPtOJhP5L6hIAn6u+JlARKDQNXdwYE+mrWG4v/eZ0E/FMn5WGcAAvp9CE/ERgiPI4Je1wyCmKoCaGS679i2ic6IdBhlnQI1uzK86RZq55VrdvjSv0iT6OI9tA+OkQWOkF1dI0aqIkoekIv6A29G8/Gq/FhfE5bC0Y+s4v+wBh9A+eCoHQ=</latexit><latexit sha1_base64="iQLW9z/4ZhAP4et1/TaFTGvBHMU=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4kDJTBHWhFHThwkUFawudoWQymTY08zC5I5RhfsONv+LGhYrb7vwb03YEbT0QOPece5Pc48aCKzDNL6OwsLi0vFJcLa2tb2xulbd37lWUSMqaNBKRbLtEMcFD1gQOgrVjyUjgCtZyB5djv/XIpOJReAfDmDkB6YXc55SAlrpl075iAgiW57YvCU3z0r7RV3gkS231ICGt/dTZUbdcMavmBHieWDmpoByNbnlkexFNAhYCFUSpjmXG4KREAqeCZSU7USwmdEB6rKNpSAKmnHSyWYYPtOJhP5L6hIAn6u+JlARKDQNXdwYE+mrWG4v/eZ0E/FMn5WGcAAvp9CE/ERgiPI4Je1wyCmKoCaGS679i2ic6IdBhlnQI1uzK86RZq55VrdvjSv0iT6OI9tA+OkQWOkF1dI0aqIkoekIv6A29G8/Gq/FhfE5bC0Y+s4v+wBh9A+eCoHQ=</latexit><latexit sha1_base64="iQLW9z/4ZhAP4et1/TaFTGvBHMU=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4kDJTBHWhFHThwkUFawudoWQymTY08zC5I5RhfsONv+LGhYrb7vwb03YEbT0QOPece5Pc48aCKzDNL6OwsLi0vFJcLa2tb2xulbd37lWUSMqaNBKRbLtEMcFD1gQOgrVjyUjgCtZyB5djv/XIpOJReAfDmDkB6YXc55SAlrpl075iAgiW57YvCU3z0r7RV3gkS231ICGt/dTZUbdcMavmBHieWDmpoByNbnlkexFNAhYCFUSpjmXG4KREAqeCZSU7USwmdEB6rKNpSAKmnHSyWYYPtOJhP5L6hIAn6u+JlARKDQNXdwYE+mrWG4v/eZ0E/FMn5WGcAAvp9CE/ERgiPI4Je1wyCmKoCaGS679i2ic6IdBhlnQI1uzK86RZq55VrdvjSv0iT6OI9tA+OkQWOkF1dI0aqIkoekIv6A29G8/Gq/FhfE5bC0Y+s4v+wBh9A+eCoHQ=</latexit><latexit sha1_base64="iQLW9z/4ZhAP4et1/TaFTGvBHMU=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4kDJTBHWhFHThwkUFawudoWQymTY08zC5I5RhfsONv+LGhYrb7vwb03YEbT0QOPece5Pc48aCKzDNL6OwsLi0vFJcLa2tb2xulbd37lWUSMqaNBKRbLtEMcFD1gQOgrVjyUjgCtZyB5djv/XIpOJReAfDmDkB6YXc55SAlrpl075iAgiW57YvCU3z0r7RV3gkS231ICGt/dTZUbdcMavmBHieWDmpoByNbnlkexFNAhYCFUSpjmXG4KREAqeCZSU7USwmdEB6rKNpSAKmnHSyWYYPtOJhP5L6hIAn6u+JlARKDQNXdwYE+mrWG4v/eZ0E/FMn5WGcAAvp9CE/ERgiPI4Je1wyCmKoCaGS679i2ic6IdBhlnQI1uzK86RZq55VrdvjSv0iT6OI9tA+OkQWOkF1dI0aqIkoekIv6A29G8/Gq/FhfE5bC0Y+s4v+wBh9A+eCoHQ=</latexit>

Y

i

ei . !J�1r
J�1�r

<latexit sha1_base64="WnSNdlJL6EL8WymZUJG9ayobU2U=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwY5kpgrqRgi7EVQVrC506ZNLbNjSZDElGKEP/w42/4saFijtx49+YPhbaeuCSwzn3cnNPlHCmjed9O7mFxaXllfxqYW19Y3PL3d650zJVFGpUcqkaEdHAWQw1wwyHRqKAiIhDPepfjPz6AyjNZHxrBgm0BOnGrMMoMVYK3XKQKNkOGQZbAQetNRM4kAK6JMyuj/whVveTN7gEbghWoVv0St4YeJ74U1JEU1RD9zNoS5oKiA3lROum7yWmlRFlGOUwLASphoTQPulC09KYCNCtbHzbEB9YpY07UtmKDR6rvycyIrQeiMh2CmJ6etYbif95zdR0TlsZi5PUQEwnizopx0biUVC4zRRQwweWEKqY/SumPaIINTbOgg3Bnz15ntTKpbOSf3NcrJxP08ijPbSPDpGPTlAFXaEqqiGKHtEzekVvzpPz4rw7H5PWnDOd2UV/4Hz9AK14oB0=</latexit><latexit sha1_base64="WnSNdlJL6EL8WymZUJG9ayobU2U=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwY5kpgrqRgi7EVQVrC506ZNLbNjSZDElGKEP/w42/4saFijtx49+YPhbaeuCSwzn3cnNPlHCmjed9O7mFxaXllfxqYW19Y3PL3d650zJVFGpUcqkaEdHAWQw1wwyHRqKAiIhDPepfjPz6AyjNZHxrBgm0BOnGrMMoMVYK3XKQKNkOGQZbAQetNRM4kAK6JMyuj/whVveTN7gEbghWoVv0St4YeJ74U1JEU1RD9zNoS5oKiA3lROum7yWmlRFlGOUwLASphoTQPulC09KYCNCtbHzbEB9YpY07UtmKDR6rvycyIrQeiMh2CmJ6etYbif95zdR0TlsZi5PUQEwnizopx0biUVC4zRRQwweWEKqY/SumPaIINTbOgg3Bnz15ntTKpbOSf3NcrJxP08ijPbSPDpGPTlAFXaEqqiGKHtEzekVvzpPz4rw7H5PWnDOd2UV/4Hz9AK14oB0=</latexit><latexit sha1_base64="WnSNdlJL6EL8WymZUJG9ayobU2U=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwY5kpgrqRgi7EVQVrC506ZNLbNjSZDElGKEP/w42/4saFijtx49+YPhbaeuCSwzn3cnNPlHCmjed9O7mFxaXllfxqYW19Y3PL3d650zJVFGpUcqkaEdHAWQw1wwyHRqKAiIhDPepfjPz6AyjNZHxrBgm0BOnGrMMoMVYK3XKQKNkOGQZbAQetNRM4kAK6JMyuj/whVveTN7gEbghWoVv0St4YeJ74U1JEU1RD9zNoS5oKiA3lROum7yWmlRFlGOUwLASphoTQPulC09KYCNCtbHzbEB9YpY07UtmKDR6rvycyIrQeiMh2CmJ6etYbif95zdR0TlsZi5PUQEwnizopx0biUVC4zRRQwweWEKqY/SumPaIINTbOgg3Bnz15ntTKpbOSf3NcrJxP08ijPbSPDpGPTlAFXaEqqiGKHtEzekVvzpPz4rw7H5PWnDOd2UV/4Hz9AK14oB0=</latexit><latexit sha1_base64="WnSNdlJL6EL8WymZUJG9ayobU2U=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwY5kpgrqRgi7EVQVrC506ZNLbNjSZDElGKEP/w42/4saFijtx49+YPhbaeuCSwzn3cnNPlHCmjed9O7mFxaXllfxqYW19Y3PL3d650zJVFGpUcqkaEdHAWQw1wwyHRqKAiIhDPepfjPz6AyjNZHxrBgm0BOnGrMMoMVYK3XKQKNkOGQZbAQetNRM4kAK6JMyuj/whVveTN7gEbghWoVv0St4YeJ74U1JEU1RD9zNoS5oKiA3lROum7yWmlRFlGOUwLASphoTQPulC09KYCNCtbHzbEB9YpY07UtmKDR6rvycyIrQeiMh2CmJ6etYbif95zdR0TlsZi5PUQEwnizopx0biUVC4zRRQwweWEKqY/SumPaIINTbOgg3Bnz15ntTKpbOSf3NcrJxP08ijPbSPDpGPTlAFXaEqqiGKHtEzekVvzpPz4rw7H5PWnDOd2UV/4Hz9AK14oB0=</latexit>

�⇤ ⇠
Q

i ei
|2⇤|J/2�1

<latexit sha1_base64="ZixQC3gDFJCyEDCzh0LXfY+8wvY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAhurEkR1I0UdCHiooKxQhPDZHKjg5MHMxOhpPkWN/6KGxcq3Yk/47TNQqsHBg7nnMude/yUM6lM89OYmp6ZnZuvLFQXl5ZXVmtr69cyyQQFmyY8ETc+kcBZDLZiisNNKoBEPoeO/3Ay9DuPICRL4ivVS8GNyF3MQkaJ0pJXO3JOgSuCnQs9ExBHsgg7oSA0d1KRBB7D4LEi7zfLQP82P99r7lpF4dXqZsMcAf8lVknqqETbqw2cIKFZBLGinEjZtcxUuTkRilEORdXJJKSEPpA76Goakwikm49OLPC2VgIcJkK/WOGR+nMiJ5GUvcjXyYioeznpDcX/vG6mwkM3Z3GaKYjpeFGYcawSPOwLB0wAVbynCaGC6b9iek90QUq3WtUlWJMn/yV2s3HUsC73663jso0K2kRbaAdZ6AC10BlqIxtR9IRe0Bt6N56NV+PDGIyjU0Y5s4F+wfj6BkOSo7E=</latexit><latexit sha1_base64="ZixQC3gDFJCyEDCzh0LXfY+8wvY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAhurEkR1I0UdCHiooKxQhPDZHKjg5MHMxOhpPkWN/6KGxcq3Yk/47TNQqsHBg7nnMude/yUM6lM89OYmp6ZnZuvLFQXl5ZXVmtr69cyyQQFmyY8ETc+kcBZDLZiisNNKoBEPoeO/3Ay9DuPICRL4ivVS8GNyF3MQkaJ0pJXO3JOgSuCnQs9ExBHsgg7oSA0d1KRBB7D4LEi7zfLQP82P99r7lpF4dXqZsMcAf8lVknqqETbqw2cIKFZBLGinEjZtcxUuTkRilEORdXJJKSEPpA76Goakwikm49OLPC2VgIcJkK/WOGR+nMiJ5GUvcjXyYioeznpDcX/vG6mwkM3Z3GaKYjpeFGYcawSPOwLB0wAVbynCaGC6b9iek90QUq3WtUlWJMn/yV2s3HUsC73663jso0K2kRbaAdZ6AC10BlqIxtR9IRe0Bt6N56NV+PDGIyjU0Y5s4F+wfj6BkOSo7E=</latexit><latexit sha1_base64="ZixQC3gDFJCyEDCzh0LXfY+8wvY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAhurEkR1I0UdCHiooKxQhPDZHKjg5MHMxOhpPkWN/6KGxcq3Yk/47TNQqsHBg7nnMude/yUM6lM89OYmp6ZnZuvLFQXl5ZXVmtr69cyyQQFmyY8ETc+kcBZDLZiisNNKoBEPoeO/3Ay9DuPICRL4ivVS8GNyF3MQkaJ0pJXO3JOgSuCnQs9ExBHsgg7oSA0d1KRBB7D4LEi7zfLQP82P99r7lpF4dXqZsMcAf8lVknqqETbqw2cIKFZBLGinEjZtcxUuTkRilEORdXJJKSEPpA76Goakwikm49OLPC2VgIcJkK/WOGR+nMiJ5GUvcjXyYioeznpDcX/vG6mwkM3Z3GaKYjpeFGYcawSPOwLB0wAVbynCaGC6b9iek90QUq3WtUlWJMn/yV2s3HUsC73663jso0K2kRbaAdZ6AC10BlqIxtR9IRe0Bt6N56NV+PDGIyjU0Y5s4F+wfj6BkOSo7E=</latexit><latexit sha1_base64="ZixQC3gDFJCyEDCzh0LXfY+8wvY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAhurEkR1I0UdCHiooKxQhPDZHKjg5MHMxOhpPkWN/6KGxcq3Yk/47TNQqsHBg7nnMude/yUM6lM89OYmp6ZnZuvLFQXl5ZXVmtr69cyyQQFmyY8ETc+kcBZDLZiisNNKoBEPoeO/3Ay9DuPICRL4ivVS8GNyF3MQkaJ0pJXO3JOgSuCnQs9ExBHsgg7oSA0d1KRBB7D4LEi7zfLQP82P99r7lpF4dXqZsMcAf8lVknqqETbqw2cIKFZBLGinEjZtcxUuTkRilEORdXJJKSEPpA76Goakwikm49OLPC2VgIcJkK/WOGR+nMiJ5GUvcjXyYioeznpDcX/vG6mwkM3Z3GaKYjpeFGYcawSPOwLB0wAVbynCaGC6b9iek90QUq3WtUlWJMn/yV2s3HUsC73663jso0K2kRbaAdZ6AC10BlqIxtR9IRe0Bt6N56NV+PDGIyjU0Y5s4F+wfj6BkOSo7E=</latexit>



Four-form flux and 
Higgs mass



Four-form and Higgs mass
• Four-form flux has a dimensionless coupling to the 

SM Higgs, scanning the Higgs mass parameter.

LH = M
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<latexit sha1_base64="fSSNTo367cnyZOB+x6OgLDu+Aos="></latexit><latexit sha1_base64="fSSNTo367cnyZOB+x6OgLDu+Aos="></latexit><latexit sha1_base64="fSSNTo367cnyZOB+x6OgLDu+Aos="></latexit><latexit sha1_base64="fSSNTo367cnyZOB+x6OgLDu+Aos="></latexit>

Le↵ = �⇤e↵ +M
2
e↵ |H|2 � �H,e↵ |H|4,

<latexit sha1_base64="MuZv4xFzqmnBfLrwhCqH6bCWTQU="></latexit><latexit sha1_base64="MuZv4xFzqmnBfLrwhCqH6bCWTQU="></latexit><latexit sha1_base64="MuZv4xFzqmnBfLrwhCqH6bCWTQU="></latexit><latexit sha1_base64="MuZv4xFzqmnBfLrwhCqH6bCWTQU="></latexit>

⇤e↵ = ⇤+
1

2
q2,

<latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit>

M2
e↵ = M2 � cHq,

<latexit sha1_base64="toap6TvOrcKs1M+HsdqQ+70hLKE=">AAACAnicbVDLSgMxFM3UV62vUXe6CRbBhZaZIqgLpeCmG6GCYwttHTJppg1NMmOSEcpQcOOvuHGh4tavcOffmLaz0NYDF07OuZfce4KYUaUd59vKzc0vLC7llwsrq2vrG/bm1q2KEomJhyMWyUaAFGFUEE9TzUgjlgTxgJF60L8c+fUHIhWNxI0exKTNUVfQkGKkjeTbO1d3ZT9tSQ5JGA7PzesIYr8K7w+hbxedkjMGnCVuRoogQ823v1qdCCecCI0ZUqrpOrFup0hqihkZFlqJIjHCfdQlTUMF4kS10/ENQ7hvlA4MI2lKaDhWf0+kiCs14IHp5Ej31LQ3Ev/zmokOT9spFXGiicCTj8KEQR3BUSCwQyXBmg0MQVhSsyvEPSQR1ia2ggnBnT55lnjl0lnJvT4uVi6yNPJgF+yBA+CCE1ABVVADHsDgETyDV/BmPVkv1rv1MWnNWdnMNvgD6/MHTuKVjQ==</latexit><latexit sha1_base64="toap6TvOrcKs1M+HsdqQ+70hLKE=">AAACAnicbVDLSgMxFM3UV62vUXe6CRbBhZaZIqgLpeCmG6GCYwttHTJppg1NMmOSEcpQcOOvuHGh4tavcOffmLaz0NYDF07OuZfce4KYUaUd59vKzc0vLC7llwsrq2vrG/bm1q2KEomJhyMWyUaAFGFUEE9TzUgjlgTxgJF60L8c+fUHIhWNxI0exKTNUVfQkGKkjeTbO1d3ZT9tSQ5JGA7PzesIYr8K7w+hbxedkjMGnCVuRoogQ823v1qdCCecCI0ZUqrpOrFup0hqihkZFlqJIjHCfdQlTUMF4kS10/ENQ7hvlA4MI2lKaDhWf0+kiCs14IHp5Ej31LQ3Ev/zmokOT9spFXGiicCTj8KEQR3BUSCwQyXBmg0MQVhSsyvEPSQR1ia2ggnBnT55lnjl0lnJvT4uVi6yNPJgF+yBA+CCE1ABVVADHsDgETyDV/BmPVkv1rv1MWnNWdnMNvgD6/MHTuKVjQ==</latexit><latexit sha1_base64="toap6TvOrcKs1M+HsdqQ+70hLKE=">AAACAnicbVDLSgMxFM3UV62vUXe6CRbBhZaZIqgLpeCmG6GCYwttHTJppg1NMmOSEcpQcOOvuHGh4tavcOffmLaz0NYDF07OuZfce4KYUaUd59vKzc0vLC7llwsrq2vrG/bm1q2KEomJhyMWyUaAFGFUEE9TzUgjlgTxgJF60L8c+fUHIhWNxI0exKTNUVfQkGKkjeTbO1d3ZT9tSQ5JGA7PzesIYr8K7w+hbxedkjMGnCVuRoogQ823v1qdCCecCI0ZUqrpOrFup0hqihkZFlqJIjHCfdQlTUMF4kS10/ENQ7hvlA4MI2lKaDhWf0+kiCs14IHp5Ej31LQ3Ev/zmokOT9spFXGiicCTj8KEQR3BUSCwQyXBmg0MQVhSsyvEPSQR1ia2ggnBnT55lnjl0lnJvT4uVi6yNPJgF+yBA+CCE1ABVVADHsDgETyDV/BmPVkv1rv1MWnNWdnMNvgD6/MHTuKVjQ==</latexit><latexit sha1_base64="toap6TvOrcKs1M+HsdqQ+70hLKE=">AAACAnicbVDLSgMxFM3UV62vUXe6CRbBhZaZIqgLpeCmG6GCYwttHTJppg1NMmOSEcpQcOOvuHGh4tavcOffmLaz0NYDF07OuZfce4KYUaUd59vKzc0vLC7llwsrq2vrG/bm1q2KEomJhyMWyUaAFGFUEE9TzUgjlgTxgJF60L8c+fUHIhWNxI0exKTNUVfQkGKkjeTbO1d3ZT9tSQ5JGA7PzesIYr8K7w+hbxedkjMGnCVuRoogQ823v1qdCCecCI0ZUqrpOrFup0hqihkZFlqJIjHCfdQlTUMF4kS10/ENQ7hvlA4MI2lKaDhWf0+kiCs14IHp5Ej31LQ3Ev/zmokOT9spFXGiicCTj8KEQR3BUSCwQyXBmg0MQVhSsyvEPSQR1ia2ggnBnT55lnjl0lnJvT4uVi6yNPJgF+yBA+CCE1ABVVADHsDgETyDV/BmPVkv1rv1MWnNWdnMNvgD6/MHTuKVjQ==</latexit>

�H,e↵ = �H +
1

2
c2
H
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<latexit sha1_base64="kqt3YGja5nEWpF0L7kOXqnNf+5w=">AAACHHicbVDLSsNAFJ34rPUVdelmsAiCUpJSUBdKwU2WFYwtNDFMJpN26OTBzEQoIT/ixl9x40LFjQvBv3HaRtDWAwOHc87lzj1+yqiQhvGlLSwuLa+sVtaq6xubW9v6zu6tSDKOiY0TlvCujwRhNCa2pJKRbsoJinxGOv7waux37gkXNIlv5CglboT6MQ0pRlJJnt50mAoHyMutk9zhESRhWBQXP6oFj52QI5ybRd4oIL5reFYdenrNqBsTwHlilqQGSrQ9/cMJEpxFJJaYISF6ppFKN0dcUsxIUXUyQVKEh6hPeorGKCLCzSfXFfBQKQEME65eLOFE/T2Ro0iIUeSrZITkQMx6Y/E/r5fJ8MzNaZxmksR4uijMGJQJHFcFA8oJlmykCMKcqr9CPECqDakKraoSzNmT54ndqJ/XzetmrXVZtlEB++AAHAETnIIWsEAb2ACDB/AEXsCr9qg9a2/a+zS6oJUze+APtM9vEWSgzg==</latexit><latexit sha1_base64="kqt3YGja5nEWpF0L7kOXqnNf+5w=">AAACHHicbVDLSsNAFJ34rPUVdelmsAiCUpJSUBdKwU2WFYwtNDFMJpN26OTBzEQoIT/ixl9x40LFjQvBv3HaRtDWAwOHc87lzj1+yqiQhvGlLSwuLa+sVtaq6xubW9v6zu6tSDKOiY0TlvCujwRhNCa2pJKRbsoJinxGOv7waux37gkXNIlv5CglboT6MQ0pRlJJnt50mAoHyMutk9zhESRhWBQXP6oFj52QI5ybRd4oIL5reFYdenrNqBsTwHlilqQGSrQ9/cMJEpxFJJaYISF6ppFKN0dcUsxIUXUyQVKEh6hPeorGKCLCzSfXFfBQKQEME65eLOFE/T2Ro0iIUeSrZITkQMx6Y/E/r5fJ8MzNaZxmksR4uijMGJQJHFcFA8oJlmykCMKcqr9CPECqDakKraoSzNmT54ndqJ/XzetmrXVZtlEB++AAHAETnIIWsEAb2ACDB/AEXsCr9qg9a2/a+zS6oJUze+APtM9vEWSgzg==</latexit><latexit sha1_base64="kqt3YGja5nEWpF0L7kOXqnNf+5w=">AAACHHicbVDLSsNAFJ34rPUVdelmsAiCUpJSUBdKwU2WFYwtNDFMJpN26OTBzEQoIT/ixl9x40LFjQvBv3HaRtDWAwOHc87lzj1+yqiQhvGlLSwuLa+sVtaq6xubW9v6zu6tSDKOiY0TlvCujwRhNCa2pJKRbsoJinxGOv7waux37gkXNIlv5CglboT6MQ0pRlJJnt50mAoHyMutk9zhESRhWBQXP6oFj52QI5ybRd4oIL5reFYdenrNqBsTwHlilqQGSrQ9/cMJEpxFJJaYISF6ppFKN0dcUsxIUXUyQVKEh6hPeorGKCLCzSfXFfBQKQEME65eLOFE/T2Ro0iIUeSrZITkQMx6Y/E/r5fJ8MzNaZxmksR4uijMGJQJHFcFA8oJlmykCMKcqr9CPECqDakKraoSzNmT54ndqJ/XzetmrXVZtlEB++AAHAETnIIWsEAb2ACDB/AEXsCr9qg9a2/a+zS6oJUze+APtM9vEWSgzg==</latexit><latexit sha1_base64="kqt3YGja5nEWpF0L7kOXqnNf+5w=">AAACHHicbVDLSsNAFJ34rPUVdelmsAiCUpJSUBdKwU2WFYwtNDFMJpN26OTBzEQoIT/ixl9x40LFjQvBv3HaRtDWAwOHc87lzj1+yqiQhvGlLSwuLa+sVtaq6xubW9v6zu6tSDKOiY0TlvCujwRhNCa2pJKRbsoJinxGOv7waux37gkXNIlv5CglboT6MQ0pRlJJnt50mAoHyMutk9zhESRhWBQXP6oFj52QI5ybRd4oIL5reFYdenrNqBsTwHlilqQGSrQ9/cMJEpxFJJaYISF6ppFKN0dcUsxIUXUyQVKEh6hPeorGKCLCzSfXFfBQKQEME65eLOFE/T2Ro0iIUeSrZITkQMx6Y/E/r5fJ8MzNaZxmksR4uijMGJQJHFcFA8oJlmykCMKcqr9CPECqDakKraoSzNmT54ndqJ/XzetmrXVZtlEB++AAHAETnIIWsEAb2ACDB/AEXsCr9qg9a2/a+zS6oJUze+APtM9vEWSgzg==</latexit>

Four-form flux scans C.C. 
as well as Higgs mass.

Higgs quartic coupling has 
a constant shift.

[Dvali, Vilenkin, 2004; Giudice, Kehagias, Riotto, 2019; 
Kaloper, Westphal, 2019;  HML, 2019]



Four-form and Higgs mass

�M2
e↵

M2
<latexit sha1_base64="wfGZlum+9fa+p/OPQLlzztR2X9Y=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBbBjSUphepGCm7cCBWMLTQxTKaTduhkEmYmQgkBN/6KGxcqbv0Kd/6Nk7YLbT1w4cw59zL3niBhVCrL+jZKS8srq2vl9crG5tb2jrm7dyfjVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF0WfueBCEljfqvGCfEiNOA0pBgpLfnmwakbCoSz6/u6n7kigiQM87x45r5ZtWpW02o2bKjJBNCeJ1UwQ9s3v9x+jNOIcIUZkrJnW4nyMiQUxYzkFTeVJEF4hAakpylHEZFeNrkhh8da6cMwFrq4ghP190SGIinHUaA7I6SGct4rxP+8XqrCMy+jPEkV4Xj6UZgyqGJYBAL7VBCs2FgThAXVu0I8RDoTpWOr6BAWTl4kTr12XrNvGtXWxSyNMjgER+AE2KAJWuAKtIEDMHgEz+AVvBlPxovxbnxMW0vGbGYf/IHx+QPwkpdF</latexit><latexit sha1_base64="wfGZlum+9fa+p/OPQLlzztR2X9Y=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBbBjSUphepGCm7cCBWMLTQxTKaTduhkEmYmQgkBN/6KGxcqbv0Kd/6Nk7YLbT1w4cw59zL3niBhVCrL+jZKS8srq2vl9crG5tb2jrm7dyfjVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF0WfueBCEljfqvGCfEiNOA0pBgpLfnmwakbCoSz6/u6n7kigiQM87x45r5ZtWpW02o2bKjJBNCeJ1UwQ9s3v9x+jNOIcIUZkrJnW4nyMiQUxYzkFTeVJEF4hAakpylHEZFeNrkhh8da6cMwFrq4ghP190SGIinHUaA7I6SGct4rxP+8XqrCMy+jPEkV4Xj6UZgyqGJYBAL7VBCs2FgThAXVu0I8RDoTpWOr6BAWTl4kTr12XrNvGtXWxSyNMjgER+AE2KAJWuAKtIEDMHgEz+AVvBlPxovxbnxMW0vGbGYf/IHx+QPwkpdF</latexit><latexit sha1_base64="wfGZlum+9fa+p/OPQLlzztR2X9Y=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBbBjSUphepGCm7cCBWMLTQxTKaTduhkEmYmQgkBN/6KGxcqbv0Kd/6Nk7YLbT1w4cw59zL3niBhVCrL+jZKS8srq2vl9crG5tb2jrm7dyfjVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF0WfueBCEljfqvGCfEiNOA0pBgpLfnmwakbCoSz6/u6n7kigiQM87x45r5ZtWpW02o2bKjJBNCeJ1UwQ9s3v9x+jNOIcIUZkrJnW4nyMiQUxYzkFTeVJEF4hAakpylHEZFeNrkhh8da6cMwFrq4ghP190SGIinHUaA7I6SGct4rxP+8XqrCMy+jPEkV4Xj6UZgyqGJYBAL7VBCs2FgThAXVu0I8RDoTpWOr6BAWTl4kTr12XrNvGtXWxSyNMjgER+AE2KAJWuAKtIEDMHgEz+AVvBlPxovxbnxMW0vGbGYf/IHx+QPwkpdF</latexit><latexit sha1_base64="wfGZlum+9fa+p/OPQLlzztR2X9Y=">AAACAnicbVDLSsNAFJ3UV62vqDvdDBbBjSUphepGCm7cCBWMLTQxTKaTduhkEmYmQgkBN/6KGxcqbv0Kd/6Nk7YLbT1w4cw59zL3niBhVCrL+jZKS8srq2vl9crG5tb2jrm7dyfjVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF0WfueBCEljfqvGCfEiNOA0pBgpLfnmwakbCoSz6/u6n7kigiQM87x45r5ZtWpW02o2bKjJBNCeJ1UwQ9s3v9x+jNOIcIUZkrJnW4nyMiQUxYzkFTeVJEF4hAakpylHEZFeNrkhh8da6cMwFrq4ghP190SGIinHUaA7I6SGct4rxP+8XqrCMy+jPEkV4Xj6UZgyqGJYBAL7VBCs2FgThAXVu0I8RDoTpWOr6BAWTl4kTr12XrNvGtXWxSyNMjgER+AE2KAJWuAKtIEDMHgEz+AVvBlPxovxbnxMW0vGbGYf/IHx+QPwkpdF</latexit>

q = qc � e
<latexit sha1_base64="aTESH+bZGLvqEqBvGj6AMlJD5Jk=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAIbixJlWgXSsGNywrGFtpQJtObduhkks5MhBL6EG5cqLj1fdz5Nk7aCip6YODj3HuZe0+QcKa0bX9YC4tLyyurhbXi+sbm1nZpZ/dOxamk4NGYx7IVEAWcCfA00xxaiQQSBRyawfAqrzfvQSoWi1s9TsCPSF+wkFGijdUcXYy69Bi6pbJdsW3bdWt4Co7rzMA9qWInB6MymqvRLb13ejFNIxCacqJU27ET7WdEakY5TIqdVEFC6JD0oW1QkAiUn03XneBD4/RwGEvzhMZT9/tERiKlxlFgOiOiB+p3LTf/qrVTHZ77GRNJqkHQ2UdhyrGOcX477jEJVPOxAUIlM7tiOiCSUG0SKpoQvi7F/4NXrdQqzs1puX45T6OA9tEBOkIOOkN1dI0ayEMUDdEDekLPVmI9Wi/W66x1wZrP7KEfst4+AXEOjys=</latexit><latexit sha1_base64="aTESH+bZGLvqEqBvGj6AMlJD5Jk=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAIbixJlWgXSsGNywrGFtpQJtObduhkks5MhBL6EG5cqLj1fdz5Nk7aCip6YODj3HuZe0+QcKa0bX9YC4tLyyurhbXi+sbm1nZpZ/dOxamk4NGYx7IVEAWcCfA00xxaiQQSBRyawfAqrzfvQSoWi1s9TsCPSF+wkFGijdUcXYy69Bi6pbJdsW3bdWt4Co7rzMA9qWInB6MymqvRLb13ejFNIxCacqJU27ET7WdEakY5TIqdVEFC6JD0oW1QkAiUn03XneBD4/RwGEvzhMZT9/tERiKlxlFgOiOiB+p3LTf/qrVTHZ77GRNJqkHQ2UdhyrGOcX477jEJVPOxAUIlM7tiOiCSUG0SKpoQvi7F/4NXrdQqzs1puX45T6OA9tEBOkIOOkN1dI0ayEMUDdEDekLPVmI9Wi/W66x1wZrP7KEfst4+AXEOjys=</latexit><latexit sha1_base64="aTESH+bZGLvqEqBvGj6AMlJD5Jk=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAIbixJlWgXSsGNywrGFtpQJtObduhkks5MhBL6EG5cqLj1fdz5Nk7aCip6YODj3HuZe0+QcKa0bX9YC4tLyyurhbXi+sbm1nZpZ/dOxamk4NGYx7IVEAWcCfA00xxaiQQSBRyawfAqrzfvQSoWi1s9TsCPSF+wkFGijdUcXYy69Bi6pbJdsW3bdWt4Co7rzMA9qWInB6MymqvRLb13ejFNIxCacqJU27ET7WdEakY5TIqdVEFC6JD0oW1QkAiUn03XneBD4/RwGEvzhMZT9/tERiKlxlFgOiOiB+p3LTf/qrVTHZ77GRNJqkHQ2UdhyrGOcX477jEJVPOxAUIlM7tiOiCSUG0SKpoQvi7F/4NXrdQqzs1puX45T6OA9tEBOkIOOkN1dI0ayEMUDdEDekLPVmI9Wi/W66x1wZrP7KEfst4+AXEOjys=</latexit><latexit sha1_base64="aTESH+bZGLvqEqBvGj6AMlJD5Jk=">AAAB7XicdZDNSsNAFIUn/tb6V3XpZrAIbixJlWgXSsGNywrGFtpQJtObduhkks5MhBL6EG5cqLj1fdz5Nk7aCip6YODj3HuZe0+QcKa0bX9YC4tLyyurhbXi+sbm1nZpZ/dOxamk4NGYx7IVEAWcCfA00xxaiQQSBRyawfAqrzfvQSoWi1s9TsCPSF+wkFGijdUcXYy69Bi6pbJdsW3bdWt4Co7rzMA9qWInB6MymqvRLb13ejFNIxCacqJU27ET7WdEakY5TIqdVEFC6JD0oW1QkAiUn03XneBD4/RwGEvzhMZT9/tERiKlxlFgOiOiB+p3LTf/qrVTHZ77GRNJqkHQ2UdhyrGOcX477jEJVPOxAUIlM7tiOiCSUG0SKpoQvi7F/4NXrdQqzs1puX45T6OA9tEBOkIOOkN1dI0ayEMUDdEDekLPVmI9Wi/W66x1wZrP7KEfst4+AXEOjys=</latexit>

q = qc
<latexit sha1_base64="Vym0Lf+g1+8D9LfimKgfQvs2keM=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4KokVaJdKAU3LisYW2hDmUwn7dDJJJ2ZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6wCkvLK6trxfXSxubW9k55d+9Oxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6yuuteyoVi8WtniTUj/BAsJARrI3ljS/GPdIrV+yqbduuW0czcFxnDu5JDTk5GFVgoWav/N7txySNqNCEY6U6jp1oP8NSM8LptNRNFU0wGeEB7RgUOKLKz2bLTtGRcfoojKV5QqOZ+30iw5FSkygwnRHWQ/W7lpt/1TqpDs/9jIkk1VSQ+UdhypGOUX456jNJieYTA5hIZnZFZIglJtrkUzIhfF2K/gevVq1XnZvTSuNykUYRDuAQjsGBM2jANTTBAwIMHuAJni1hPVov1uu8tWAtZvbhh6y3T0aCjoU=</latexit><latexit sha1_base64="Vym0Lf+g1+8D9LfimKgfQvs2keM=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4KokVaJdKAU3LisYW2hDmUwn7dDJJJ2ZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6wCkvLK6trxfXSxubW9k55d+9Oxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6yuuteyoVi8WtniTUj/BAsJARrI3ljS/GPdIrV+yqbduuW0czcFxnDu5JDTk5GFVgoWav/N7txySNqNCEY6U6jp1oP8NSM8LptNRNFU0wGeEB7RgUOKLKz2bLTtGRcfoojKV5QqOZ+30iw5FSkygwnRHWQ/W7lpt/1TqpDs/9jIkk1VSQ+UdhypGOUX456jNJieYTA5hIZnZFZIglJtrkUzIhfF2K/gevVq1XnZvTSuNykUYRDuAQjsGBM2jANTTBAwIMHuAJni1hPVov1uu8tWAtZvbhh6y3T0aCjoU=</latexit><latexit sha1_base64="Vym0Lf+g1+8D9LfimKgfQvs2keM=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4KokVaJdKAU3LisYW2hDmUwn7dDJJJ2ZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6wCkvLK6trxfXSxubW9k55d+9Oxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6yuuteyoVi8WtniTUj/BAsJARrI3ljS/GPdIrV+yqbduuW0czcFxnDu5JDTk5GFVgoWav/N7txySNqNCEY6U6jp1oP8NSM8LptNRNFU0wGeEB7RgUOKLKz2bLTtGRcfoojKV5QqOZ+30iw5FSkygwnRHWQ/W7lpt/1TqpDs/9jIkk1VSQ+UdhypGOUX456jNJieYTA5hIZnZFZIglJtrkUzIhfF2K/gevVq1XnZvTSuNykUYRDuAQjsGBM2jANTTBAwIMHuAJni1hPVov1uu8tWAtZvbhh6y3T0aCjoU=</latexit><latexit sha1_base64="Vym0Lf+g1+8D9LfimKgfQvs2keM=">AAAB63icdZDNSsNAFIVv6l+tf1WXbgaL4KokVaJdKAU3LisYW2hDmUwn7dDJJJ2ZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6wCkvLK6trxfXSxubW9k55d+9Oxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6yuuteyoVi8WtniTUj/BAsJARrI3ljS/GPdIrV+yqbduuW0czcFxnDu5JDTk5GFVgoWav/N7txySNqNCEY6U6jp1oP8NSM8LptNRNFU0wGeEB7RgUOKLKz2bLTtGRcfoojKV5QqOZ+30iw5FSkygwnRHWQ/W7lpt/1TqpDs/9jIkk1VSQ+UdhypGOUX456jNJieYTA5hIZnZFZIglJtrkUzIhfF2K/gevVq1XnZvTSuNykUYRDuAQjsGBM2jANTTBAwIMHuAJni1hPVov1uu8tWAtZvbhh6y3T0aCjoU=</latexit>

⇤e↵

M4
<latexit sha1_base64="wphXk0vyHY2Fehf/aYs4NCvoNfg=">AAACBXicdVDLSsNAFJ34rPUVdSnCYBFclURbtBspuHGhUMHaQhPDZDJph84kYWYilJCVG3/FjQsVt/6DO//G6UOsogcuHM65h5l7/IRRqSzrw5iZnZtfWCwsFZdXVtfWzY3NaxmnApMmjlks2j6ShNGINBVVjLQTQRD3GWn5/dOh37olQtI4ulKDhLgcdSMaUoyUljxzxwkFwplzriMB8jJHcEjCMM+zi5tK7pklu2yNAK1vUqtWDu0q/LJKYIKGZ747QYxTTiKFGZKyY1uJcjMkFMWM5EUnlSRBuI+6pKNphDiRbjY6I4d7WglgGAs9kYIjdTqRIS7lgPt6kyPVk7+9ofiX10lVeOxmNEpSRSI8fihMGVQxHHYCAyoIVmygCcKC6r9C3EO6F6WbK06X8D9pHpRrZfuyUqqfTNoogG2wC/aBDY5AHZyBBmgCDO7AA3gCz8a98Wi8GK/j1RljktkCP2C8fQL2upkA</latexit><latexit sha1_base64="wphXk0vyHY2Fehf/aYs4NCvoNfg=">AAACBXicdVDLSsNAFJ34rPUVdSnCYBFclURbtBspuHGhUMHaQhPDZDJph84kYWYilJCVG3/FjQsVt/6DO//G6UOsogcuHM65h5l7/IRRqSzrw5iZnZtfWCwsFZdXVtfWzY3NaxmnApMmjlks2j6ShNGINBVVjLQTQRD3GWn5/dOh37olQtI4ulKDhLgcdSMaUoyUljxzxwkFwplzriMB8jJHcEjCMM+zi5tK7pklu2yNAK1vUqtWDu0q/LJKYIKGZ747QYxTTiKFGZKyY1uJcjMkFMWM5EUnlSRBuI+6pKNphDiRbjY6I4d7WglgGAs9kYIjdTqRIS7lgPt6kyPVk7+9ofiX10lVeOxmNEpSRSI8fihMGVQxHHYCAyoIVmygCcKC6r9C3EO6F6WbK06X8D9pHpRrZfuyUqqfTNoogG2wC/aBDY5AHZyBBmgCDO7AA3gCz8a98Wi8GK/j1RljktkCP2C8fQL2upkA</latexit><latexit sha1_base64="wphXk0vyHY2Fehf/aYs4NCvoNfg=">AAACBXicdVDLSsNAFJ34rPUVdSnCYBFclURbtBspuHGhUMHaQhPDZDJph84kYWYilJCVG3/FjQsVt/6DO//G6UOsogcuHM65h5l7/IRRqSzrw5iZnZtfWCwsFZdXVtfWzY3NaxmnApMmjlks2j6ShNGINBVVjLQTQRD3GWn5/dOh37olQtI4ulKDhLgcdSMaUoyUljxzxwkFwplzriMB8jJHcEjCMM+zi5tK7pklu2yNAK1vUqtWDu0q/LJKYIKGZ747QYxTTiKFGZKyY1uJcjMkFMWM5EUnlSRBuI+6pKNphDiRbjY6I4d7WglgGAs9kYIjdTqRIS7lgPt6kyPVk7+9ofiX10lVeOxmNEpSRSI8fihMGVQxHHYCAyoIVmygCcKC6r9C3EO6F6WbK06X8D9pHpRrZfuyUqqfTNoogG2wC/aBDY5AHZyBBmgCDO7AA3gCz8a98Wi8GK/j1RljktkCP2C8fQL2upkA</latexit><latexit sha1_base64="wphXk0vyHY2Fehf/aYs4NCvoNfg=">AAACBXicdVDLSsNAFJ34rPUVdSnCYBFclURbtBspuHGhUMHaQhPDZDJph84kYWYilJCVG3/FjQsVt/6DO//G6UOsogcuHM65h5l7/IRRqSzrw5iZnZtfWCwsFZdXVtfWzY3NaxmnApMmjlks2j6ShNGINBVVjLQTQRD3GWn5/dOh37olQtI4ulKDhLgcdSMaUoyUljxzxwkFwplzriMB8jJHcEjCMM+zi5tK7pklu2yNAK1vUqtWDu0q/LJKYIKGZ747QYxTTiKFGZKyY1uJcjMkFMWM5EUnlSRBuI+6pKNphDiRbjY6I4d7WglgGAs9kYIjdTqRIS7lgPt6kyPVk7+9ofiX10lVeOxmNEpSRSI8fihMGVQxHHYCAyoIVmygCcKC6r9C3EO6F6WbK06X8D9pHpRrZfuyUqqfTNoogG2wC/aBDY5AHZyBBmgCDO7AA3gCz8a98Wi8GK/j1RljktkCP2C8fQL2upkA</latexit>

⇤e↵ ⇡ 0
<latexit sha1_base64="5kYiHU6zY9RVwLSEZ+u8+AGGn3U=">AAACAnicdVDLSsNAFJ3UV62vqDvdDBbBVUm0RbuRghsXLioYW2hCmEwm7dBJMsxMxBIKbvwVNy5U3PoV7vwbpw+xih64cDjnXGbuCTijUlnWh1GYm19YXCoul1ZW19Y3zM2ta5lmAhMHpywV7QBJwmhCHEUVI20uCIoDRlpB/2zkt26IkDRNrtSAEy9G3YRGFCOlJd/ccS90OER+7ooYkigauohzkd5CyzfLdsUaA1rfpF6rHtk1+GWVwRRN33x3wxRnMUkUZkjKjm1x5eVIKIoZGZbcTBKOcB91SUfTBMVEevn4hiHc10oIo1ToSRQcq7MbOYqlHMSBTsZI9eRvbyT+5XUyFZ14OU14pkiCJw9FGYMqhaNCYEgFwYoNNEFYUP1XiHtIIKx0baXZEv4nzmGlXrEvq+XG6bSNItgFe+AA2OAYNMA5aAIHYHAHHsATeDbujUfjxXidRAvGdGcb/IDx9gkei5dh</latexit><latexit sha1_base64="5kYiHU6zY9RVwLSEZ+u8+AGGn3U=">AAACAnicdVDLSsNAFJ3UV62vqDvdDBbBVUm0RbuRghsXLioYW2hCmEwm7dBJMsxMxBIKbvwVNy5U3PoV7vwbpw+xih64cDjnXGbuCTijUlnWh1GYm19YXCoul1ZW19Y3zM2ta5lmAhMHpywV7QBJwmhCHEUVI20uCIoDRlpB/2zkt26IkDRNrtSAEy9G3YRGFCOlJd/ccS90OER+7ooYkigauohzkd5CyzfLdsUaA1rfpF6rHtk1+GWVwRRN33x3wxRnMUkUZkjKjm1x5eVIKIoZGZbcTBKOcB91SUfTBMVEevn4hiHc10oIo1ToSRQcq7MbOYqlHMSBTsZI9eRvbyT+5XUyFZ14OU14pkiCJw9FGYMqhaNCYEgFwYoNNEFYUP1XiHtIIKx0baXZEv4nzmGlXrEvq+XG6bSNItgFe+AA2OAYNMA5aAIHYHAHHsATeDbujUfjxXidRAvGdGcb/IDx9gkei5dh</latexit><latexit sha1_base64="5kYiHU6zY9RVwLSEZ+u8+AGGn3U=">AAACAnicdVDLSsNAFJ3UV62vqDvdDBbBVUm0RbuRghsXLioYW2hCmEwm7dBJMsxMxBIKbvwVNy5U3PoV7vwbpw+xih64cDjnXGbuCTijUlnWh1GYm19YXCoul1ZW19Y3zM2ta5lmAhMHpywV7QBJwmhCHEUVI20uCIoDRlpB/2zkt26IkDRNrtSAEy9G3YRGFCOlJd/ccS90OER+7ooYkigauohzkd5CyzfLdsUaA1rfpF6rHtk1+GWVwRRN33x3wxRnMUkUZkjKjm1x5eVIKIoZGZbcTBKOcB91SUfTBMVEevn4hiHc10oIo1ToSRQcq7MbOYqlHMSBTsZI9eRvbyT+5XUyFZ14OU14pkiCJw9FGYMqhaNCYEgFwYoNNEFYUP1XiHtIIKx0baXZEv4nzmGlXrEvq+XG6bSNItgFe+AA2OAYNMA5aAIHYHAHHsATeDbujUfjxXidRAvGdGcb/IDx9gkei5dh</latexit><latexit sha1_base64="5kYiHU6zY9RVwLSEZ+u8+AGGn3U=">AAACAnicdVDLSsNAFJ3UV62vqDvdDBbBVUm0RbuRghsXLioYW2hCmEwm7dBJMsxMxBIKbvwVNy5U3PoV7vwbpw+xih64cDjnXGbuCTijUlnWh1GYm19YXCoul1ZW19Y3zM2ta5lmAhMHpywV7QBJwmhCHEUVI20uCIoDRlpB/2zkt26IkDRNrtSAEy9G3YRGFCOlJd/ccS90OER+7ooYkigauohzkd5CyzfLdsUaA1rfpF6rHtk1+GWVwRRN33x3wxRnMUkUZkjKjm1x5eVIKIoZGZbcTBKOcB91SUfTBMVEevn4hiHc10oIo1ToSRQcq7MbOYqlHMSBTsZI9eRvbyT+5XUyFZ14OU14pkiCJw9FGYMqhaNCYEgFwYoNNEFYUP1XiHtIIKx0baXZEv4nzmGlXrEvq+XG6bSNItgFe+AA2OAYNMA5aAIHYHAHHsATeDbujUfjxXidRAvGdGcb/IDx9gkei5dh</latexit>

(M2
e↵ = 0)

<latexit sha1_base64="Ff0IdaZyKpC3VEkePLHQFHEqccY=">AAAB+XicdVDLSsNAFJ3UV62vVJduBotQNyUp0jYLpeDGjVDB2EIbw2Q6aYfOJGFmopTYT3HjQsWtf+LOv3H6EFT0wIXDOfdy7z1BwqhUlvVh5JaWV1bX8uuFjc2t7R2zuHst41Rg4uKYxaITIEkYjYirqGKkkwiCeMBIOxidTf32LRGSxtGVGifE42gQ0ZBipLTkm8XyxU3Vz3qCQxKGkxPryDdLVsWq1xu2AzWZQROnVrMaDrQXSgks0PLN914/xiknkcIMSdm1rUR5GRKKYkYmhV4qSYLwCA1IV9MIcSK9bHb6BB5qpQ/DWOiKFJyp3ycyxKUc80B3cqSG8rc3Ff/yuqkKG15GoyRVJMLzRWHKoIrhNAfYp4JgxcaaICyovhXiIRIIK51WQYfw9Sn8n7jVilOxL49LzdNFGnmwDw5AGdigDprgHLSACzC4Aw/gCTwb98aj8WK8zltzxmJmD/yA8fYJRECS6Q==</latexit><latexit sha1_base64="Ff0IdaZyKpC3VEkePLHQFHEqccY=">AAAB+XicdVDLSsNAFJ3UV62vVJduBotQNyUp0jYLpeDGjVDB2EIbw2Q6aYfOJGFmopTYT3HjQsWtf+LOv3H6EFT0wIXDOfdy7z1BwqhUlvVh5JaWV1bX8uuFjc2t7R2zuHst41Rg4uKYxaITIEkYjYirqGKkkwiCeMBIOxidTf32LRGSxtGVGifE42gQ0ZBipLTkm8XyxU3Vz3qCQxKGkxPryDdLVsWq1xu2AzWZQROnVrMaDrQXSgks0PLN914/xiknkcIMSdm1rUR5GRKKYkYmhV4qSYLwCA1IV9MIcSK9bHb6BB5qpQ/DWOiKFJyp3ycyxKUc80B3cqSG8rc3Ff/yuqkKG15GoyRVJMLzRWHKoIrhNAfYp4JgxcaaICyovhXiIRIIK51WQYfw9Sn8n7jVilOxL49LzdNFGnmwDw5AGdigDprgHLSACzC4Aw/gCTwb98aj8WK8zltzxmJmD/yA8fYJRECS6Q==</latexit><latexit sha1_base64="Ff0IdaZyKpC3VEkePLHQFHEqccY=">AAAB+XicdVDLSsNAFJ3UV62vVJduBotQNyUp0jYLpeDGjVDB2EIbw2Q6aYfOJGFmopTYT3HjQsWtf+LOv3H6EFT0wIXDOfdy7z1BwqhUlvVh5JaWV1bX8uuFjc2t7R2zuHst41Rg4uKYxaITIEkYjYirqGKkkwiCeMBIOxidTf32LRGSxtGVGifE42gQ0ZBipLTkm8XyxU3Vz3qCQxKGkxPryDdLVsWq1xu2AzWZQROnVrMaDrQXSgks0PLN914/xiknkcIMSdm1rUR5GRKKYkYmhV4qSYLwCA1IV9MIcSK9bHb6BB5qpQ/DWOiKFJyp3ycyxKUc80B3cqSG8rc3Ff/yuqkKG15GoyRVJMLzRWHKoIrhNAfYp4JgxcaaICyovhXiIRIIK51WQYfw9Sn8n7jVilOxL49LzdNFGnmwDw5AGdigDprgHLSACzC4Aw/gCTwb98aj8WK8zltzxmJmD/yA8fYJRECS6Q==</latexit><latexit sha1_base64="Ff0IdaZyKpC3VEkePLHQFHEqccY=">AAAB+XicdVDLSsNAFJ3UV62vVJduBotQNyUp0jYLpeDGjVDB2EIbw2Q6aYfOJGFmopTYT3HjQsWtf+LOv3H6EFT0wIXDOfdy7z1BwqhUlvVh5JaWV1bX8uuFjc2t7R2zuHst41Rg4uKYxaITIEkYjYirqGKkkwiCeMBIOxidTf32LRGSxtGVGifE42gQ0ZBipLTkm8XyxU3Vz3qCQxKGkxPryDdLVsWq1xu2AzWZQROnVrMaDrQXSgks0PLN914/xiknkcIMSdm1rUR5GRKKYkYmhV4qSYLwCA1IV9MIcSK9bHb6BB5qpQ/DWOiKFJyp3ycyxKUc80B3cqSG8rc3Ff/yuqkKG15GoyRVJMLzRWHKoIrhNAfYp4JgxcaaICyovhXiIRIIK51WQYfw9Sn8n7jVilOxL49LzdNFGnmwDw5AGdigDprgHLSACzC4Aw/gCTwb98aj8WK8zltzxmJmD/yA8fYJRECS6Q==</latexit>

q/M2
<latexit sha1_base64="VFYdZuWKqorILypfbDnBS/GEVP0=">AAAB63icdZDNSsNAFIVv/K31r+rSzWARXNWkSrQbKbhxI1QwttDGMplO2qGTSZyZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6w5uYXFpeWCyvF1bX1jc3S1vaNilNJqEdiHstWgBXlTFBPM81pK5EURwGnzWB4nteb91QqFotrPUqoH+G+YCEjWBvLuzu8vK12S2W7Ytu269bQBBzXmYJ7VEVODkZlmKnRLb13ejFJIyo04ViptmMn2s+w1IxwOi52UkUTTIa4T9sGBY6o8rPJsmO0b5weCmNpntBo4n6fyHCk1CgKTGeE9UD9ruXmX7V2qsNTP2MiSTUVZPpRmHKkY5RfjnpMUqL5yAAmkpldERlgiYk2+RRNCF+Xov/Bq1ZqFefquFw/m6VRgF3YgwNw4ATqcAEN8IAAgwd4gmdLWI/Wi/U6bZ2zZjM78EPW2yeu1I4h</latexit><latexit sha1_base64="VFYdZuWKqorILypfbDnBS/GEVP0=">AAAB63icdZDNSsNAFIVv/K31r+rSzWARXNWkSrQbKbhxI1QwttDGMplO2qGTSZyZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6w5uYXFpeWCyvF1bX1jc3S1vaNilNJqEdiHstWgBXlTFBPM81pK5EURwGnzWB4nteb91QqFotrPUqoH+G+YCEjWBvLuzu8vK12S2W7Ytu269bQBBzXmYJ7VEVODkZlmKnRLb13ejFJIyo04ViptmMn2s+w1IxwOi52UkUTTIa4T9sGBY6o8rPJsmO0b5weCmNpntBo4n6fyHCk1CgKTGeE9UD9ruXmX7V2qsNTP2MiSTUVZPpRmHKkY5RfjnpMUqL5yAAmkpldERlgiYk2+RRNCF+Xov/Bq1ZqFefquFw/m6VRgF3YgwNw4ATqcAEN8IAAgwd4gmdLWI/Wi/U6bZ2zZjM78EPW2yeu1I4h</latexit><latexit sha1_base64="VFYdZuWKqorILypfbDnBS/GEVP0=">AAAB63icdZDNSsNAFIVv/K31r+rSzWARXNWkSrQbKbhxI1QwttDGMplO2qGTSZyZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6w5uYXFpeWCyvF1bX1jc3S1vaNilNJqEdiHstWgBXlTFBPM81pK5EURwGnzWB4nteb91QqFotrPUqoH+G+YCEjWBvLuzu8vK12S2W7Ytu269bQBBzXmYJ7VEVODkZlmKnRLb13ejFJIyo04ViptmMn2s+w1IxwOi52UkUTTIa4T9sGBY6o8rPJsmO0b5weCmNpntBo4n6fyHCk1CgKTGeE9UD9ruXmX7V2qsNTP2MiSTUVZPpRmHKkY5RfjnpMUqL5yAAmkpldERlgiYk2+RRNCF+Xov/Bq1ZqFefquFw/m6VRgF3YgwNw4ATqcAEN8IAAgwd4gmdLWI/Wi/U6bZ2zZjM78EPW2yeu1I4h</latexit><latexit sha1_base64="VFYdZuWKqorILypfbDnBS/GEVP0=">AAAB63icdZDNSsNAFIVv/K31r+rSzWARXNWkSrQbKbhxI1QwttDGMplO2qGTSZyZCCX0Gdy4UHHrC7nzbZy0FVT0wMDHufcy954g4Uxp2/6w5uYXFpeWCyvF1bX1jc3S1vaNilNJqEdiHstWgBXlTFBPM81pK5EURwGnzWB4nteb91QqFotrPUqoH+G+YCEjWBvLuzu8vK12S2W7Ytu269bQBBzXmYJ7VEVODkZlmKnRLb13ejFJIyo04ViptmMn2s+w1IxwOi52UkUTTIa4T9sGBY6o8rPJsmO0b5weCmNpntBo4n6fyHCk1CgKTGeE9UD9ruXmX7V2qsNTP2MiSTUVZPpRmHKkY5RfjnpMUqL5yAAmkpldERlgiYk2+RRNCF+Xov/Bq1ZqFefquFw/m6VRgF3YgwNw4ATqcAEN8IAAgwd4gmdLWI/Wi/U6bZ2zZjM78EPW2yeu1I4h</latexit>

⇤ = �1

2
(qc � e)2 +�⇤

<latexit sha1_base64="koqZ7KUvt7FWzmHXKe1wlEFtWXA="></latexit><latexit sha1_base64="koqZ7KUvt7FWzmHXKe1wlEFtWXA="></latexit><latexit sha1_base64="koqZ7KUvt7FWzmHXKe1wlEFtWXA="></latexit><latexit sha1_base64="koqZ7KUvt7FWzmHXKe1wlEFtWXA="></latexit>

⇠ 1
<latexit sha1_base64="WqYMACoaEz22QXdc8ZnAcGfKP08=">AAAB7HicdZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqPdSMGNywpOW2iHkkkzbWwmGZKMUErfwY0LFbc+kDvfxkxbQUUPBD7OvZfce6KUM21c98NZWl5ZXVsvbBQ3t7Z3dkt7+00tM0VoQCSXqh1hTTkTNDDMcNpOFcVJxGkrGl3l9dY9VZpJcWvGKQ0TPBAsZgQbazW7miXI65XKbsV1Xd+voRl4vjcH/7SKvBysyrBQo1d67/YlyRIqDOFY647npiacYGUY4XRa7GaappiM8IB2LAqcUB1OZttO0bF1+iiWyj5h0Mz9PjHBidbjJLKdCTZD/buWm3/VOpmJL8IJE2lmqCDzj+KMIyNRfjrqM0WJ4WMLmChmd0VkiBUmxgZUtCF8XYr+h6BaqVW8m7Ny/XKRRgEO4QhOwINzqMM1NCAAAnfwAE/w7Ejn0XlxXuetS85i5gB+yHn7BI09jqQ=</latexit><latexit sha1_base64="WqYMACoaEz22QXdc8ZnAcGfKP08=">AAAB7HicdZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqPdSMGNywpOW2iHkkkzbWwmGZKMUErfwY0LFbc+kDvfxkxbQUUPBD7OvZfce6KUM21c98NZWl5ZXVsvbBQ3t7Z3dkt7+00tM0VoQCSXqh1hTTkTNDDMcNpOFcVJxGkrGl3l9dY9VZpJcWvGKQ0TPBAsZgQbazW7miXI65XKbsV1Xd+voRl4vjcH/7SKvBysyrBQo1d67/YlyRIqDOFY647npiacYGUY4XRa7GaappiM8IB2LAqcUB1OZttO0bF1+iiWyj5h0Mz9PjHBidbjJLKdCTZD/buWm3/VOpmJL8IJE2lmqCDzj+KMIyNRfjrqM0WJ4WMLmChmd0VkiBUmxgZUtCF8XYr+h6BaqVW8m7Ny/XKRRgEO4QhOwINzqMM1NCAAAnfwAE/w7Ejn0XlxXuetS85i5gB+yHn7BI09jqQ=</latexit><latexit sha1_base64="WqYMACoaEz22QXdc8ZnAcGfKP08=">AAAB7HicdZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqPdSMGNywpOW2iHkkkzbWwmGZKMUErfwY0LFbc+kDvfxkxbQUUPBD7OvZfce6KUM21c98NZWl5ZXVsvbBQ3t7Z3dkt7+00tM0VoQCSXqh1hTTkTNDDMcNpOFcVJxGkrGl3l9dY9VZpJcWvGKQ0TPBAsZgQbazW7miXI65XKbsV1Xd+voRl4vjcH/7SKvBysyrBQo1d67/YlyRIqDOFY647npiacYGUY4XRa7GaappiM8IB2LAqcUB1OZttO0bF1+iiWyj5h0Mz9PjHBidbjJLKdCTZD/buWm3/VOpmJL8IJE2lmqCDzj+KMIyNRfjrqM0WJ4WMLmChmd0VkiBUmxgZUtCF8XYr+h6BaqVW8m7Ny/XKRRgEO4QhOwINzqMM1NCAAAnfwAE/w7Ejn0XlxXuetS85i5gB+yHn7BI09jqQ=</latexit><latexit sha1_base64="WqYMACoaEz22QXdc8ZnAcGfKP08=">AAAB7HicdZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqPdSMGNywpOW2iHkkkzbWwmGZKMUErfwY0LFbc+kDvfxkxbQUUPBD7OvZfce6KUM21c98NZWl5ZXVsvbBQ3t7Z3dkt7+00tM0VoQCSXqh1hTTkTNDDMcNpOFcVJxGkrGl3l9dY9VZpJcWvGKQ0TPBAsZgQbazW7miXI65XKbsV1Xd+voRl4vjcH/7SKvBysyrBQo1d67/YlyRIqDOFY647npiacYGUY4XRa7GaappiM8IB2LAqcUB1OZttO0bF1+iiWyj5h0Mz9PjHBidbjJLKdCTZD/buWm3/VOpmJL8IJE2lmqCDzj+KMIyNRfjrqM0WJ4WMLmChmd0VkiBUmxgZUtCF8XYr+h6BaqVW8m7Ny/XKRRgEO4QhOwINzqMM1NCAAAnfwAE/w7Ejn0XlxXuetS85i5gB+yHn7BI09jqQ=</latexit>

e ⇠ (100GeV)2
<latexit sha1_base64="9BGB2N6lgJ7B97MebdgUQWKWexw=">AAACAHicbVDLSgNBEJyNrxhfUS+Cl8EgRJCwuwgxFwl40GME84BsDLOT3mTIzO4yMyuEJV78FS8eVLz6Gd78GyePg0YLGoqqbrq7/JgzpW37y8osLa+srmXXcxubW9s7+d29hooSSaFOIx7Jlk8UcBZCXTPNoRVLIMLn0PSHlxO/eQ9SsSi81aMYOoL0QxYwSrSRuvkD8BQTuOjYtneaelLgK2iMT+7cbr5glxzXLVdcbJfsKbCzSApojlo3/+n1IpoICDXlRKm2Y8e6kxKpGeUwznmJgpjQIelD29CQCFCddPrBGB8bpYeDSJoKNZ6qPydSIpQaCd90CqIHatGbiP957UQH552UhXGiIaSzRUHCsY7wJA7cYxKo5iNDCJXM3IrpgEhCtQktZ0L48/JfUndLlZJzc1aoXszTyKJDdISKyEFlVEXXqIbqiKIH9IRe0Kv1aD1bb9b7rDVjzWf20S9YH98wYJT8</latexit><latexit sha1_base64="9BGB2N6lgJ7B97MebdgUQWKWexw=">AAACAHicbVDLSgNBEJyNrxhfUS+Cl8EgRJCwuwgxFwl40GME84BsDLOT3mTIzO4yMyuEJV78FS8eVLz6Gd78GyePg0YLGoqqbrq7/JgzpW37y8osLa+srmXXcxubW9s7+d29hooSSaFOIx7Jlk8UcBZCXTPNoRVLIMLn0PSHlxO/eQ9SsSi81aMYOoL0QxYwSrSRuvkD8BQTuOjYtneaelLgK2iMT+7cbr5glxzXLVdcbJfsKbCzSApojlo3/+n1IpoICDXlRKm2Y8e6kxKpGeUwznmJgpjQIelD29CQCFCddPrBGB8bpYeDSJoKNZ6qPydSIpQaCd90CqIHatGbiP957UQH552UhXGiIaSzRUHCsY7wJA7cYxKo5iNDCJXM3IrpgEhCtQktZ0L48/JfUndLlZJzc1aoXszTyKJDdISKyEFlVEXXqIbqiKIH9IRe0Kv1aD1bb9b7rDVjzWf20S9YH98wYJT8</latexit><latexit sha1_base64="9BGB2N6lgJ7B97MebdgUQWKWexw=">AAACAHicbVDLSgNBEJyNrxhfUS+Cl8EgRJCwuwgxFwl40GME84BsDLOT3mTIzO4yMyuEJV78FS8eVLz6Gd78GyePg0YLGoqqbrq7/JgzpW37y8osLa+srmXXcxubW9s7+d29hooSSaFOIx7Jlk8UcBZCXTPNoRVLIMLn0PSHlxO/eQ9SsSi81aMYOoL0QxYwSrSRuvkD8BQTuOjYtneaelLgK2iMT+7cbr5glxzXLVdcbJfsKbCzSApojlo3/+n1IpoICDXlRKm2Y8e6kxKpGeUwznmJgpjQIelD29CQCFCddPrBGB8bpYeDSJoKNZ6qPydSIpQaCd90CqIHatGbiP957UQH552UhXGiIaSzRUHCsY7wJA7cYxKo5iNDCJXM3IrpgEhCtQktZ0L48/JfUndLlZJzc1aoXszTyKJDdISKyEFlVEXXqIbqiKIH9IRe0Kv1aD1bb9b7rDVjzWf20S9YH98wYJT8</latexit><latexit sha1_base64="9BGB2N6lgJ7B97MebdgUQWKWexw=">AAACAHicbVDLSgNBEJyNrxhfUS+Cl8EgRJCwuwgxFwl40GME84BsDLOT3mTIzO4yMyuEJV78FS8eVLz6Gd78GyePg0YLGoqqbrq7/JgzpW37y8osLa+srmXXcxubW9s7+d29hooSSaFOIx7Jlk8UcBZCXTPNoRVLIMLn0PSHlxO/eQ9SsSi81aMYOoL0QxYwSrSRuvkD8BQTuOjYtneaelLgK2iMT+7cbr5glxzXLVdcbJfsKbCzSApojlo3/+n1IpoICDXlRKm2Y8e6kxKpGeUwznmJgpjQIelD29CQCFCddPrBGB8bpYeDSJoKNZ6qPydSIpQaCd90CqIHatGbiP957UQH552UhXGiIaSzRUHCsY7wJA7cYxKo5iNDCJXM3IrpgEhCtQktZ0L48/JfUndLlZJzc1aoXszTyKJDdISKyEFlVEXXqIbqiKIH9IRe0Kv1aD1bb9b7rDVjzWf20S9YH98wYJT8</latexit>

M2
e↵ = cHe

<latexit sha1_base64="kHzoqaeWJ1U8bcM9TdjaaiH9aBM=">AAAB+3icdVDLSgNBEJyNrxhfqzl6GQyCp7AbJI+DEvCSixDBmECyLrOT3mTI7IOZWSEs8Ve8eFDx6o9482+cJCuoaEFDUdVNd5cXcyaVZX0YuZXVtfWN/GZha3tnd8/cP7iRUSIodGjEI9HziATOQugopjj0YgEk8Dh0vcnF3O/egZAsCq/VNAYnIKOQ+YwSpSXXLF7eVtx0IAIMvj87o24Lg2uWrLJVq9XtBtZkAU0a1apVb2A7U0ooQ9s13wfDiCYBhIpyImXftmLlpEQoRjnMCoNEQkzohIygr2lIApBOujh+ho+1MsR+JHSFCi/U7xMpCaScBp7uDIgay9/eXPzL6yfKrzspC+NEQUiXi/yEYxXheRJ4yARQxaeaECqYvhXTMRGEKp1XQYfw9Sn+n3Qq5UbZvjotNc+zNPLoEB2hE2SjGmqiFmqjDqJoih7QE3o27o1H48V4XbbmjGymiH7AePsENm6UCw==</latexit><latexit sha1_base64="kHzoqaeWJ1U8bcM9TdjaaiH9aBM=">AAAB+3icdVDLSgNBEJyNrxhfqzl6GQyCp7AbJI+DEvCSixDBmECyLrOT3mTI7IOZWSEs8Ve8eFDx6o9482+cJCuoaEFDUdVNd5cXcyaVZX0YuZXVtfWN/GZha3tnd8/cP7iRUSIodGjEI9HziATOQugopjj0YgEk8Dh0vcnF3O/egZAsCq/VNAYnIKOQ+YwSpSXXLF7eVtx0IAIMvj87o24Lg2uWrLJVq9XtBtZkAU0a1apVb2A7U0ooQ9s13wfDiCYBhIpyImXftmLlpEQoRjnMCoNEQkzohIygr2lIApBOujh+ho+1MsR+JHSFCi/U7xMpCaScBp7uDIgay9/eXPzL6yfKrzspC+NEQUiXi/yEYxXheRJ4yARQxaeaECqYvhXTMRGEKp1XQYfw9Sn+n3Qq5UbZvjotNc+zNPLoEB2hE2SjGmqiFmqjDqJoih7QE3o27o1H48V4XbbmjGymiH7AePsENm6UCw==</latexit><latexit sha1_base64="kHzoqaeWJ1U8bcM9TdjaaiH9aBM=">AAAB+3icdVDLSgNBEJyNrxhfqzl6GQyCp7AbJI+DEvCSixDBmECyLrOT3mTI7IOZWSEs8Ve8eFDx6o9482+cJCuoaEFDUdVNd5cXcyaVZX0YuZXVtfWN/GZha3tnd8/cP7iRUSIodGjEI9HziATOQugopjj0YgEk8Dh0vcnF3O/egZAsCq/VNAYnIKOQ+YwSpSXXLF7eVtx0IAIMvj87o24Lg2uWrLJVq9XtBtZkAU0a1apVb2A7U0ooQ9s13wfDiCYBhIpyImXftmLlpEQoRjnMCoNEQkzohIygr2lIApBOujh+ho+1MsR+JHSFCi/U7xMpCaScBp7uDIgay9/eXPzL6yfKrzspC+NEQUiXi/yEYxXheRJ4yARQxaeaECqYvhXTMRGEKp1XQYfw9Sn+n3Qq5UbZvjotNc+zNPLoEB2hE2SjGmqiFmqjDqJoih7QE3o27o1H48V4XbbmjGymiH7AePsENm6UCw==</latexit><latexit sha1_base64="kHzoqaeWJ1U8bcM9TdjaaiH9aBM=">AAAB+3icdVDLSgNBEJyNrxhfqzl6GQyCp7AbJI+DEvCSixDBmECyLrOT3mTI7IOZWSEs8Ve8eFDx6o9482+cJCuoaEFDUdVNd5cXcyaVZX0YuZXVtfWN/GZha3tnd8/cP7iRUSIodGjEI9HziATOQugopjj0YgEk8Dh0vcnF3O/egZAsCq/VNAYnIKOQ+YwSpSXXLF7eVtx0IAIMvj87o24Lg2uWrLJVq9XtBtZkAU0a1apVb2A7U0ooQ9s13wfDiCYBhIpyImXftmLlpEQoRjnMCoNEQkzohIygr2lIApBOujh+ho+1MsR+JHSFCi/U7xMpCaScBp7uDIgay9/eXPzL6yfKrzspC+NEQUiXi/yEYxXheRJ4yARQxaeaECqYvhXTMRGEKp1XQYfw9Sn+n3Qq5UbZvjotNc+zNPLoEB2hE2SjGmqiFmqjDqJoih7QE3o27o1H48V4XbbmjGymiH7AePsENm6UCw==</latexit>

⇤e↵ = ⇤+
1

2
q2,

<latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit><latexit sha1_base64="DnZLHm4SACTHFyFM1LIAqzCzPDA=">AAACFHicbVDNSsNAGNz4W+tf1KOXxSIIlpIUQT0oBS8ePFQwttDEstls2qWbTdzdCCXkJbz4Kl48qHj14M23cdvmoK0DC8PMfHz7jZ8wKpVlfRtz8wuLS8ullfLq2vrGprm1fSvjVGDi4JjFou0jSRjlxFFUMdJOBEGRz0jLH1yM/NYDEZLG/EYNE+JFqMdpSDFSWuqaVfdKhwPUzVwRQRKG+VmhHEI3FAhndp7Vc3h/V6/CrlmxatYYcJbYBamAAs2u+eUGMU4jwhVmSMqObSXKy5BQFDOSl91UkgThAeqRjqYcRUR62fiqHO5rJYBhLPTjCo7V3xMZiqQcRr5ORkj15bQ3Ev/zOqkKT7yM8iRVhOPJojBlUMVwVBEMqCBYsaEmCAuq/wpxH+kulC6yrEuwp0+eJU69dlqzr48qjfOijRLYBXvgANjgGDTAJWgCB2DwCJ7BK3gznowX4934mETnjGJmB/yB8fkD6CWdkA==</latexit>

M2
e↵ = M2 � cHq.

<latexit sha1_base64="m/Z/5uHuOIhAcR6LlSdePmw8xn4=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpC04mOhFNx0I1SwD2hjmEwn7dDJw5mJUEJx46+4caGIW7/CnX/jJA2i1gMXzpxzL3PvcSNGhTTNT21mdm5+YbGwVFxeWV1b1zc2myKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTlDi9Sv3VHuKBhcC1HEbF91A+oRzGSSnL07cubspN0uQ+J543P1OsAYqcGbw1HL5mGmQFOEysnJZCj7ugf3V6IY58EEjMkRMcyI2kniEuKGRkXu7EgEcJD1CcdRQPkE2En2QljuKeUHvRCriqQMFN/TiTIF2Lku6rTR3Ig/nqp+J/XiaV3Yic0iGJJAjz5yIsZlCFM84A9ygmWbKQIwpyqXSEeII6wVKkVsxBOUxx9nzxNmmXDqhiVq8NS9TyPowB2wC7YBxY4BlVQA3XQABjcg0fwDF60B+1Je9XeJq0zWj6zBX5Be/8CpnmVyA==</latexit>

[Giudice et al, 2019;
Kaloper et al, 2019]



q = qc :
<latexit sha1_base64="ZJxrLJ0Omnd5/i2Ajafwxsw9iiQ=">AAAB7XicbVDLSsNAFL2pr1pfVZdugkVwVRIrvkApuHFZwT6gDWUynbRjJzPpzEQoof/gxoUibv0fd/6N0zSIWg9cOJxzL/fe40eMKu04n1ZuYXFpeSW/Wlhb39jcKm7vNJSIJSZ1LJiQLR8pwigndU01I61IEhT6jDT94fXUbz4Qqajgd3ocES9EfU4DipE2UmN0Oerii26x5JSdFPY8cTNSggy1bvGj0xM4DgnXmCGl2q4TaS9BUlPMyKTQiRWJEB6iPmkbylFIlJek107sA6P07EBIU1zbqfpzIkGhUuPQN50h0gP115uK/3ntWAdnXkJ5FGvC8WxREDNbC3v6ut2jkmDNxoYgLKm51cYDJBHWJqBCGsL5FCffL8+TxlHZrZQrt8el6lUWRx72YB8OwYVTqMIN1KAOGO7hEZ7hxRLWk/Vqvc1ac1Y2swu/YL1/ATc6jwQ=</latexit>

M2
e↵ = M2 � cHqc = 0

<latexit sha1_base64="ohnf3wLRRRaOOzVfBcTk4KclyZ4=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpK04mNRKbjpRqhgH9DGMJlO2qGThzMToYSu3Pgrblwo4tZvcOffOEmDqPXAhTPn3Mvce5yQUSEN41PLzc0vLC7llwsrq2vrG/rmVksEEcekiQMW8I6DBGHUJ01JJSOdkBPkOYy0ndFF4rfvCBc08K/lOCSWhwY+dSlGUkm2vnt5U7bjHvcgcd1JVb3gIcR2Hd7auGrYetEoGSngLDEzUgQZGrb+0esHOPKILzFDQnRNI5RWjLikmJFJoRcJEiI8QgPSVdRHHhFWnJ4xgftK6UM34Kp8CVP150SMPCHGnqM6PSSH4q+XiP953Ui6p1ZM/TCSxMfTj9yIQRnAJBPYp5xgycaKIMyp2hXiIeIIS5VcIQ3hLMHx98mzpFUumZVS5eqoWDvP4siDHbAHDoAJTkAN1EEDNAEG9+ARPIMX7UF70l61t2lrTstmtsEvaO9fEiKXEQ==</latexit>

qc =
M2

cH
⇠ M2

P

<latexit sha1_base64="TaDbxGeUeW4moEAzC2x892X0HSA=">AAACBnicbVBLSwMxGMzWV62vqkcRgkXwVHZb8XFQCl56ESrYB3TXJZtm29DswyQrlGVPXvwrXjwo4tXf4M1/Y3a7iFoHApOZ+Ui+cUJGhdT1T60wN7+wuFRcLq2srq1vlDe3OiKIOCZtHLCA9xwkCKM+aUsqGemFnCDPYaTrjC9Sv3tHuKCBfy0nIbE8NPSpSzGSSrLLu7c2PjNdjnB8eVNLYmw3E1NQD6qb3bLLFb2qZ4CzxMhJBeRQ+Q9zEODII77EDAnRN/RQWjHikmJGkpIZCRIiPEZD0lfURx4RVpytkcB9pQygG3B1fAkz9edEjDwhJp6jkh6SI/HXS8X/vH4k3RMrpn4YSeLj6UNuxKAMYNoJHFBOsGQTRRDmVP0V4hFSnUjVXCkr4TTF0ffKs6RTqxr1av3qsNI4z+sogh2wBw6AAY5BAzRBC7QBBvfgETyDF+1Be9JetbdptKDlM9vgF7T3L2m7mJA=</latexit>

q = qc � e :
<latexit sha1_base64="zUKxizl+D9WSksq9P/pMBdSF5nc=">AAAB73icbVDLSsNAFJ3UV62vqks3g0VwY0mt+AKl4MZlBfuANpTJ9KYdOpmkMxOhhP6EGxeKuPV33Pk3TtIgaj1w4XDOvdx7jxtyprRtf1q5hcWl5ZX8amFtfWNzq7i901RBJCk0aMAD2XaJAs4ENDTTHNqhBOK7HFru6CbxWw8gFQvEvZ6E4PhkIJjHKNFGao+vxj16BJe9Ysku2ynwPKlkpIQy1HvFj24/oJEPQlNOlOpU7FA7MZGaUQ7TQjdSEBI6IgPoGCqID8qJ03un+MAofewF0pTQOFV/TsTEV2riu6bTJ3qo/nqJ+J/XibR37sRMhJEGQWeLvIhjHeDkedxnEqjmE0MIlczciumQSEK1iaiQhnCR4PT75XnSPC5XquXq3Umpdp3FkUd7aB8dogo6QzV0i+qogSji6BE9oxdrbD1Zr9bbrDVnZTO76Bes9y9i8I+q</latexit>

⇤e↵ = ⇤+
1

2
(qc � e)2 ⇠ 0

<latexit sha1_base64="/CRUdA+Y/ReulrBpOyvPDU+Vmbw="></latexit>

⇤e↵ = ⇤+
1

2
q2c ⌘ ⇤last

<latexit sha1_base64="AD0nHkcIKWQvNtVlJaGssNQ9x9U="></latexit>

Hlast ⇠
⇤last

MP
⇠

p
e ⇠ 100GeV

<latexit sha1_base64="cJZ1YOkUkSYW5F1YxdDIwFVI+yA="></latexit>

⇤last ' eqc ⇠ eM2
P

<latexit sha1_base64="AW88a3kKQrMONdXH0iWQk02TOis=">AAACFnicbVDLSgMxFM34rPVVdekmWAQXWqat+NhIwY0LhQr2AZ06ZNLbNjSZmSYZoQz9Cjf+ihsXirgVd/6NmbaIWg8EDuecm+QeL+RMadv+tGZm5+YXFlNL6eWV1bX1zMZmVQWRpFChAQ9k3SMKOPOhopnmUA8lEOFxqHm988Sv3YFULPBv9CCEpiAdn7UZJdpIbubAuTThFnFjRwrMidJDRzEBfQy479KEYwzOPr66LbhlN5O1c/YIeJrkJySLJjD5D6cV0EiAr6m5XDXydqibMZGaUQ7DtBMpCAntkQ40DPWJANWMR2sN8a5RWrgdSHN8jUfqz4mYCKUGwjNJQXRX/fUS8T+vEen2STNmfhhp8On4oXbEsQ5w0hFuMQlU84EhhEpm/oppl0hCtWkyPSrhNMHR98rTpFrI5Yu54vVhtnQ2qSOFttEO2kN5dIxK6AKVUQVRdI8e0TN6sR6sJ+vVehtHZ6zJzBb6Bev9C5L2nnQ=</latexit>

Last dS phase, No EWSB.

Almost zero C.C.,  EWSB.

M2
e↵ = cHe ⇠ (100GeV)2,

<latexit sha1_base64="Ezauk2ASx18YiZcdomsphHHWPDo=">AAACFHicbVDLSsNAFJ34tr6qLt0MFqFiKUkVHwul4MJuBAX7gKaGyfSmDs4kYWYilNCPcOOvuHGhiFsX7vwbkxjE14ELh3Pu5d573JAzpU3z3Rgbn5icmp6ZLczNLywuFZdXWiqIJIUmDXggOy5RwJkPTc00h04ogQiXQ9u9Pk799g1IxQL/Qg9D6Aky8JnHKNGJ5BS3Ti9rTmxLgcHzRofUaWCwFRO4bJmmXcmcE2iNNi9rFadYMqtmBvyXWDkpoRxnTvHN7gc0EuBryolSXcsMdS8mUjPKYVSwIwUhoddkAN2E+kSA6sXZUyO8kSh97AUyKV/jTP0+EROh1FC4Sacg+kr99lLxP68baW+/FzM/jDT49HORF3GsA5wmhPtMAtV8mBBCJUtuxfSKSEJ1kmMhC+Egxe7Xy39Jq1a1tqvb5zul+lEexwxaQ+uojCy0h+qogc5QE1F0i+7RI3oy7owH49l4+WwdM/KZVfQDxusH8EicWA==</latexit>

Reheating constraint: ⇢R =
⇡
2

30
g⇤T

4

RH
< 3M2

PH
2

last
<latexit sha1_base64="ldv/rx5xXpHZ+CmurJt6+FMnIwg="></latexit>

TRH < 8.5⇥ 109 GeV
<latexit sha1_base64="clDBKHBDAq1ESl0nbiGfkwZm4K4=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VxISWxPloQKbiwyyp9QRPLZDpph04ezEyEEvIHbvwVNy4UcevWnX/jNA2i1gMXDufcy7332AGjQur6p5aZm19YXMou51ZW19Y38ptbLeGHHJMm9pnPOzYShFGPNCWVjHQCTpBrM9K2R5cTv31HuKC+15DjgFguGnjUoRhJJfXy+41eZHIX3tTi83LxxJTUJQIa+m1Uic3DxLoirbiXL+hFPQGcJUZKCiBFvZf/MPs+Dl3iScyQEF1DD6QVIS4pZiTOmaEgAcIjNCBdRT2k1lpR8k8M95TSh47PVXkSJurPiQi5QoxdW3W6SA7FX28i/ud1Q+mUrYh6QSiJh6eLnJBB6cNJOLBPOcGSjRVBmFN1K8RDxBGWKsJcEkJlgtPvl2dJ66holIql6+NC9SKNIwt2wC44AAY4A1VQA3XQBBjcg0fwDF60B+1Je9Xepq0ZLZ3ZBr+gvX8BkWibPA==</latexit>



Need of reheating
• Both Higgs mass & C.C. can settle to 

observed values but the universe would be 
empty due to the series of dS phases.

Reheating mechanism needed.

• We also need density perturbations from inflation.

• Observable consequences of reheating and 
inflation depend on the efficiency of last membrane 
nucleation.

vs H
4

<latexit sha1_base64="YgORZSOA175+0uzJ57qUmK+mguQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiS2+NhIwU2XFWwtNLFMJpN26EySzkyKJeRX3LhQxK0/4s6/MUmDqPXAhcM593LvPU7IqFSG8amVVlbX1jfKm5Wt7Z3dPX2/2pNBJDDp4oAFou8gSRj1SVdRxUg/FARxh5E7Z3Kd+XczIiQN/Fs1D4nN0cinHsVIpdJQr8aW4HAmE2s6jZAL2/fNoV4z6kYOuEzMgtRAgc5Q/7DcAEec+AozJOXANEJlx0goihlJKlYkSYjwBI3IIKU+4kTacX57Ao9TxYVeINLyFczVnxMx4lLOuZN2cqTG8q+Xif95g0h5F3ZM/TBSxMeLRV7EoApgFgR0qSBYsXlKEBY0vRXiMRIIqzSuSh7CZYaz75eXSe+0bjbqjZtmrXVVxFEGh+AInAATnIMWaIMO6AIMHsAjeAYvWqI9aa/a26K1pBUzB+AXtPcvkZSUQA==</latexit>



Particle production
• Particles can be produced by non-adiabatic 

process due to flux-dependent Higgs VEV.

Higgs VEV becomes nonzero only after 
the last membrane nucleation.

[Giudice, Kehagias, Riotto, 2019]

Assume that the Hubble-dependent mass is absent.

Effective frequencies of SM perturbations 
depend mainly on the EW phase transition.

Particle production is efficient only if v ⇠ Hlast ⇠
p
e :

<latexit sha1_base64="Yw8j5JVOza6JFxg4NaLp12hrJA4=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVaYqvhZScNNlBfuAzlAyadqGJjNjcqdQhm7d+CtuXCji1j9w59+YTgdR64ELh3PuTe49fiS4Bsf5tHILi0vLK/nVwtr6xuaWvb3T0GGsKKvTUISq5RPNBA9YHTgI1ooUI9IXrOkPr6d+c8SU5mFwC+OIeZL0A97jlICROjYeuZpLXO0krpJYEA2TVHD1nYKETS47dtEpOSnwPClnpIgy1Dr2h9sNaSxZANS8p9tlJwIvIQo4FWxScGPNIkKHpM/ahgZEMu0l6SUTfGCULu6FylQAOFV/TiREaj2WvumUBAb6rzcV//PaMfTOvYQHUQwsoLOPerHAEOJpLLjLFaMgxoYQqrjZFdMBUYSCCa+QhnAxxen3yfOkcVQqH5eOb06KlassjjzaQ/voEJXRGaqgKqqhOqLoHj2iZ/RiPVhP1qv1NmvNWdnMLvoF6/0LzjeaiQ==</latexit>

mP = gP v.
<latexit sha1_base64="KtszTQBypmm9gih3w4weg+BtlC4=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwISGx4mOhFNy4jGAfkIYwmU7aoZNJmJkUSuhnuHGhiFu/xp1/4yQNotYDFw7n3Mu99wQJo1JZ1qdRWVpeWV2rrtc2Nre2d+q7ex0ZpwKTNo5ZLHoBkoRRTtqKKkZ6iSAoChjpBuPb3O9OiJA05g9qmhAvQkNOQ4qR0pIb+c710Hf6JxPTrzcs0yoAF4ldkgYo4fj1j/4gxmlEuMIMSenaVqK8DAlFMSOzWj+VJEF4jIbE1ZSjiEgvK06ewSOtDGAYC11cwUL9OZGhSMppFOjOCKmR/Ovl4n+em6rw0ssoT1JFOJ4vClMGVQzz/+GACoIVm2qCsKD6VohHSCCsdEq1IoSrHOffLy+SzqlpN83m/VmjdVPGUQUH4BAcAxtcgBa4Aw5oAwxi8AiewYuhjCfj1Xibt1aMcmYf/ILx/gVDr5C2</latexit>

 :
<latexit sha1_base64="jMpnI00SyP1ue2oJUamNW3xR/6Y=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRWfC2k4MZlBfuANpTJdNIOmSTDzEQooR/hxoUibv0ed/6NkzSIWg9cOJxzL/fe4wnOlLbtT6u0tLyyulZer2xsbm3vVHf3OipOJKFtEvNY9jysKGcRbWumOe0JSXHocdr1gpvM7z5QqVgc3eupoG6IxxHzGcHaSN1BgIXAV8Nqza7bOdAicQpSgwKtYfVjMIpJEtJIE46V6ju20G6KpWaE01llkCgqMAnwmPYNjXBIlZvm587QkVFGyI+lqUijXP05keJQqWnomc4Q64n662Xif14/0f6Fm7JIJJpGZL7ITzjSMcp+RyMmKdF8aggmkplbEZlgiYk2CVXyEC4znH2/vEg6J3WnUW/cndaa10UcZTiAQzgGB86hCbfQgjYQCOARnuHFEtaT9Wq9zVtLVjGzD79gvX8BLQ6Plg==</latexit> speed of transition.



Kicked inflaton 
• Kick the inflaton by quantum fluctuations.

�� < ��
<latexit sha1_base64="Xx3EsySB6HD/YwmPIrsYrtqbomE=">AAAB/3icdZDLSsNAFIYn9VbrLerChZvBIrgqSZVoQaSgC5cVjBaaUCaTSTt0cmHmRCilG1/FjQsVt76GO9/GSVtBRX8Y+OY/5zBz/iATXIFlfRilufmFxaXycmVldW19w9zculFpLilzaSpS2Q6IYoInzAUOgrUzyUgcCHYbDM6L+u0dk4qnyTUMM+bHpJfwiFMC2uqaO94FE0C8rM9PsRcWjItL16xaNcuyHKeBJ2A79hScwzq2C9CqoplaXfPdC1OaxywBKohSHdvKwB8RCZwKNq54uWIZoQPSYx2NCYmZ8keTBcZ4XzshjlKpTwJ44n6fGJFYqWEc6M6YQF/9rhXmX7VODtGJP+JJlgNL6PShKBcYUlykgUMuGQUx1ECo5PqvmPaJJBR0ZhUdwtem+H9w67VGzb46qjbPZmmU0S7aQwfIRseoiS5RC7mIojF6QE/o2bg3Ho0X43XaWjJmM9voh4y3T4cFles=</latexit><latexit sha1_base64="Xx3EsySB6HD/YwmPIrsYrtqbomE=">AAAB/3icdZDLSsNAFIYn9VbrLerChZvBIrgqSZVoQaSgC5cVjBaaUCaTSTt0cmHmRCilG1/FjQsVt76GO9/GSVtBRX8Y+OY/5zBz/iATXIFlfRilufmFxaXycmVldW19w9zculFpLilzaSpS2Q6IYoInzAUOgrUzyUgcCHYbDM6L+u0dk4qnyTUMM+bHpJfwiFMC2uqaO94FE0C8rM9PsRcWjItL16xaNcuyHKeBJ2A79hScwzq2C9CqoplaXfPdC1OaxywBKohSHdvKwB8RCZwKNq54uWIZoQPSYx2NCYmZ8keTBcZ4XzshjlKpTwJ44n6fGJFYqWEc6M6YQF/9rhXmX7VODtGJP+JJlgNL6PShKBcYUlykgUMuGQUx1ECo5PqvmPaJJBR0ZhUdwtem+H9w67VGzb46qjbPZmmU0S7aQwfIRseoiS5RC7mIojF6QE/o2bg3Ho0X43XaWjJmM9voh4y3T4cFles=</latexit><latexit sha1_base64="Xx3EsySB6HD/YwmPIrsYrtqbomE=">AAAB/3icdZDLSsNAFIYn9VbrLerChZvBIrgqSZVoQaSgC5cVjBaaUCaTSTt0cmHmRCilG1/FjQsVt76GO9/GSVtBRX8Y+OY/5zBz/iATXIFlfRilufmFxaXycmVldW19w9zculFpLilzaSpS2Q6IYoInzAUOgrUzyUgcCHYbDM6L+u0dk4qnyTUMM+bHpJfwiFMC2uqaO94FE0C8rM9PsRcWjItL16xaNcuyHKeBJ2A79hScwzq2C9CqoplaXfPdC1OaxywBKohSHdvKwB8RCZwKNq54uWIZoQPSYx2NCYmZ8keTBcZ4XzshjlKpTwJ44n6fGJFYqWEc6M6YQF/9rhXmX7VODtGJP+JJlgNL6PShKBcYUlykgUMuGQUx1ECo5PqvmPaJJBR0ZhUdwtem+H9w67VGzb46qjbPZmmU0S7aQwfIRseoiS5RC7mIojF6QE/o2bg3Ho0X43XaWjJmM9voh4y3T4cFles=</latexit><latexit sha1_base64="Xx3EsySB6HD/YwmPIrsYrtqbomE=">AAAB/3icdZDLSsNAFIYn9VbrLerChZvBIrgqSZVoQaSgC5cVjBaaUCaTSTt0cmHmRCilG1/FjQsVt76GO9/GSVtBRX8Y+OY/5zBz/iATXIFlfRilufmFxaXycmVldW19w9zculFpLilzaSpS2Q6IYoInzAUOgrUzyUgcCHYbDM6L+u0dk4qnyTUMM+bHpJfwiFMC2uqaO94FE0C8rM9PsRcWjItL16xaNcuyHKeBJ2A79hScwzq2C9CqoplaXfPdC1OaxywBKohSHdvKwB8RCZwKNq54uWIZoQPSYx2NCYmZ8keTBcZ4XzshjlKpTwJ44n6fGJFYqWEc6M6YQF/9rhXmX7VODtGJP+JJlgNL6PShKBcYUlykgUMuGQUx1ECo5PqvmPaJJBR0ZhUdwtem+H9w67VGzb46qjbPZmmU0S7aQwfIRseoiS5RC7mIojF6QE/o2bg3Ho0X43XaWjJmM9voh4y3T4cFles=</latexit>

H
3
>

1

⇡
V

0
<latexit sha1_base64="C/9HZw1pjpfG8D7njVbS07Ks3Qw=">AAAB/3icdZDLSsNAFIYn9VbrLerChZvBIrqQkrQS7aYU3HRZwbSFJpbJdNIOnVyYmQglZOOruHGh4tbXcOfbOGkrqOgPAx//OYcz5/diRoU0jA+tsLS8srpWXC9tbG5t7+i7ex0RJRwTG0cs4j0PCcJoSGxJJSO9mBMUeIx0vclVXu/eES5oFN7IaUzcAI1C6lOMpLIG+kHrttaAjs8RTs0sdWKaOWewczLQy0bFMAzLqsMZmJY5B6tWhWYOSmWwUHugvzvDCCcBCSVmSIi+acTSTRGXFDOSlZxEkBjhCRqRvsIQBUS46eyADB4rZwj9iKsXSjhzv0+kKBBiGniqM0ByLH7XcvOvWj+R/qWb0jBOJAnxfJGfMCgjmKcBh5QTLNlUAcKcqr9CPEYqDKkyK6kQvi6F/4NdrdQr5vV5udlYpFEEh+AInAITXIAmaIE2sAEGGXgAT+BZu9cetRftdd5a0BYz++CHtLdPaUuVMw==</latexit><latexit sha1_base64="C/9HZw1pjpfG8D7njVbS07Ks3Qw=">AAAB/3icdZDLSsNAFIYn9VbrLerChZvBIrqQkrQS7aYU3HRZwbSFJpbJdNIOnVyYmQglZOOruHGh4tbXcOfbOGkrqOgPAx//OYcz5/diRoU0jA+tsLS8srpWXC9tbG5t7+i7ex0RJRwTG0cs4j0PCcJoSGxJJSO9mBMUeIx0vclVXu/eES5oFN7IaUzcAI1C6lOMpLIG+kHrttaAjs8RTs0sdWKaOWewczLQy0bFMAzLqsMZmJY5B6tWhWYOSmWwUHugvzvDCCcBCSVmSIi+acTSTRGXFDOSlZxEkBjhCRqRvsIQBUS46eyADB4rZwj9iKsXSjhzv0+kKBBiGniqM0ByLH7XcvOvWj+R/qWb0jBOJAnxfJGfMCgjmKcBh5QTLNlUAcKcqr9CPEYqDKkyK6kQvi6F/4NdrdQr5vV5udlYpFEEh+AInAITXIAmaIE2sAEGGXgAT+BZu9cetRftdd5a0BYz++CHtLdPaUuVMw==</latexit><latexit sha1_base64="C/9HZw1pjpfG8D7njVbS07Ks3Qw=">AAAB/3icdZDLSsNAFIYn9VbrLerChZvBIrqQkrQS7aYU3HRZwbSFJpbJdNIOnVyYmQglZOOruHGh4tbXcOfbOGkrqOgPAx//OYcz5/diRoU0jA+tsLS8srpWXC9tbG5t7+i7ex0RJRwTG0cs4j0PCcJoSGxJJSO9mBMUeIx0vclVXu/eES5oFN7IaUzcAI1C6lOMpLIG+kHrttaAjs8RTs0sdWKaOWewczLQy0bFMAzLqsMZmJY5B6tWhWYOSmWwUHugvzvDCCcBCSVmSIi+acTSTRGXFDOSlZxEkBjhCRqRvsIQBUS46eyADB4rZwj9iKsXSjhzv0+kKBBiGniqM0ByLH7XcvOvWj+R/qWb0jBOJAnxfJGfMCgjmKcBh5QTLNlUAcKcqr9CPEYqDKkyK6kQvi6F/4NdrdQr5vV5udlYpFEEh+AInAITXIAmaIE2sAEGGXgAT+BZu9cetRftdd5a0BYz++CHtLdPaUuVMw==</latexit><latexit sha1_base64="C/9HZw1pjpfG8D7njVbS07Ks3Qw=">AAAB/3icdZDLSsNAFIYn9VbrLerChZvBIrqQkrQS7aYU3HRZwbSFJpbJdNIOnVyYmQglZOOruHGh4tbXcOfbOGkrqOgPAx//OYcz5/diRoU0jA+tsLS8srpWXC9tbG5t7+i7ex0RJRwTG0cs4j0PCcJoSGxJJSO9mBMUeIx0vclVXu/eES5oFN7IaUzcAI1C6lOMpLIG+kHrttaAjs8RTs0sdWKaOWewczLQy0bFMAzLqsMZmJY5B6tWhWYOSmWwUHugvzvDCCcBCSVmSIi+acTSTRGXFDOSlZxEkBjhCRqRvsIQBUS46eyADB4rZwj9iKsXSjhzv0+kKBBiGniqM0ByLH7XcvOvWj+R/qWb0jBOJAnxfJGfMCgjmKcBh5QTLNlUAcKcqr9CPEYqDKkyK6kQvi6F/4NdrdQr5vV5udlYpFEEh+AInAITXIAmaIE2sAEGGXgAT+BZu9cetRftdd5a0BYz++CHtLdPaUuVMw==</latexit>

⇡e3/2M3

c3/2
H

M3
P

> V 0

<latexit sha1_base64="zdNoGU7s+lewMa2leROeFNxtKz8="></latexit><latexit sha1_base64="zdNoGU7s+lewMa2leROeFNxtKz8="></latexit><latexit sha1_base64="zdNoGU7s+lewMa2leROeFNxtKz8="></latexit><latexit sha1_base64="zdNoGU7s+lewMa2leROeFNxtKz8="></latexit>

But, monomial inflation: V = ↵n�
n,

<latexit sha1_base64="EmbR1sHShilsLHnqNkRzd3QonrE=">AAAB+nicdVBNS8NAEN34WetXrEcvi0XwIGUj1daDUvDisYJpC00tm+2mWbrZhN2NWEL/ihcPKl79Jd78N27aCir6YODx3gwz8/yEM6UR+rAWFpeWV1YLa8X1jc2tbXun1FJxKgl1Scxj2fGxopwJ6mqmOe0kkuLI57Ttjy5zv31HpWKxuNHjhPYiPBQsYARrI/XtUuvcwzwJcV9ALwnZrTjq22VUQQjVThDMieOcVqekVq0j6OSWQRnM0ezb794gJmlEhSYcK9V1UKJ7GZaaEU4nRS9VNMFkhIe0a6jAEVW9bHr7BB4YZQCDWJoSGk7V7xMZjpQaR77pjLAO1W8vF//yuqkO6r2MiSTVVJDZoiDlUMcwDwIOmKRE87EhmEhmboUkxBITbeIqmhC+PoX/E/e4clZxrqvlxsU8jQLYA/vgEDigBhrgCjSBCwi4Bw/gCTxbE+vRerFeZ60L1nxmF/yA9fYJxZWT0Q==</latexit><latexit sha1_base64="EmbR1sHShilsLHnqNkRzd3QonrE=">AAAB+nicdVBNS8NAEN34WetXrEcvi0XwIGUj1daDUvDisYJpC00tm+2mWbrZhN2NWEL/ihcPKl79Jd78N27aCir6YODx3gwz8/yEM6UR+rAWFpeWV1YLa8X1jc2tbXun1FJxKgl1Scxj2fGxopwJ6mqmOe0kkuLI57Ttjy5zv31HpWKxuNHjhPYiPBQsYARrI/XtUuvcwzwJcV9ALwnZrTjq22VUQQjVThDMieOcVqekVq0j6OSWQRnM0ezb794gJmlEhSYcK9V1UKJ7GZaaEU4nRS9VNMFkhIe0a6jAEVW9bHr7BB4YZQCDWJoSGk7V7xMZjpQaR77pjLAO1W8vF//yuqkO6r2MiSTVVJDZoiDlUMcwDwIOmKRE87EhmEhmboUkxBITbeIqmhC+PoX/E/e4clZxrqvlxsU8jQLYA/vgEDigBhrgCjSBCwi4Bw/gCTxbE+vRerFeZ60L1nxmF/yA9fYJxZWT0Q==</latexit><latexit sha1_base64="EmbR1sHShilsLHnqNkRzd3QonrE=">AAAB+nicdVBNS8NAEN34WetXrEcvi0XwIGUj1daDUvDisYJpC00tm+2mWbrZhN2NWEL/ihcPKl79Jd78N27aCir6YODx3gwz8/yEM6UR+rAWFpeWV1YLa8X1jc2tbXun1FJxKgl1Scxj2fGxopwJ6mqmOe0kkuLI57Ttjy5zv31HpWKxuNHjhPYiPBQsYARrI/XtUuvcwzwJcV9ALwnZrTjq22VUQQjVThDMieOcVqekVq0j6OSWQRnM0ezb794gJmlEhSYcK9V1UKJ7GZaaEU4nRS9VNMFkhIe0a6jAEVW9bHr7BB4YZQCDWJoSGk7V7xMZjpQaR77pjLAO1W8vF//yuqkO6r2MiSTVVJDZoiDlUMcwDwIOmKRE87EhmEhmboUkxBITbeIqmhC+PoX/E/e4clZxrqvlxsU8jQLYA/vgEDigBhrgCjSBCwi4Bw/gCTxbE+vRerFeZ60L1nxmF/yA9fYJxZWT0Q==</latexit><latexit sha1_base64="EmbR1sHShilsLHnqNkRzd3QonrE=">AAAB+nicdVBNS8NAEN34WetXrEcvi0XwIGUj1daDUvDisYJpC00tm+2mWbrZhN2NWEL/ihcPKl79Jd78N27aCir6YODx3gwz8/yEM6UR+rAWFpeWV1YLa8X1jc2tbXun1FJxKgl1Scxj2fGxopwJ6mqmOe0kkuLI57Ttjy5zv31HpWKxuNHjhPYiPBQsYARrI/XtUuvcwzwJcV9ALwnZrTjq22VUQQjVThDMieOcVqekVq0j6OSWQRnM0ezb794gJmlEhSYcK9V1UKJ7GZaaEU4nRS9VNMFkhIe0a6jAEVW9bHr7BB4YZQCDWJoSGk7V7xMZjpQaR77pjLAO1W8vF//yuqkO6r2MiSTVVJDZoiDlUMcwDwIOmKRE87EhmEhmboUkxBITbeIqmhC+PoX/E/e4clZxrqvlxsU8jQLYA/vgEDigBhrgCjSBCwi4Bw/gCTxbE+vRerFeZ60L1nxmF/yA9fYJxZWT0Q==</latexit>

↵n ⇠
⇣MP

�⇤

⌘n+2⇣MGUT

MP

⌘4
M4�n

P ,
<latexit sha1_base64="euq3ywbJjRmt4+BV6MsbAC0XJ80="></latexit><latexit sha1_base64="euq3ywbJjRmt4+BV6MsbAC0XJ80="></latexit><latexit sha1_base64="euq3ywbJjRmt4+BV6MsbAC0XJ80="></latexit><latexit sha1_base64="euq3ywbJjRmt4+BV6MsbAC0XJ80="></latexit>

�⇤ ⇠ 10MP .
<latexit sha1_base64="AG/h0OLRQGNIScAqU51CYScL7us=">AAAB+XicdVDLSsNAFJ3UV62vVJduBosgLsJEqq0bKbhxI1QwttCEMJlO2qGTBzMTpcR+ihsXKm79E3f+jZO2gooeuHA4517uvSdIOZMKoQ+jtLC4tLxSXq2srW9sbpnV7RuZZIJQhyQ8Ed0AS8pZTB3FFKfdVFAcBZx2gtF54XduqZAsia/VOKVehAcxCxnBSku+WXXTIfMPXckiaKNLv235Zg1ZCKHGMYIFse2T+pQ06k0E7cLSqIE52r757vYTkkU0VoRjKXs2SpWXY6EY4XRScTNJU0xGeEB7msY4otLLp6dP4L5W+jBMhK5Ywan6fSLHkZTjKNCdEVZD+dsrxL+8XqbCppezOM0UjclsUZhxqBJY5AD7TFCi+FgTTATTt0IyxAITpdOq6BC+PoX/E+fIOrXsq3qtdTZPowx2wR44ADZogBa4AG3gAALuwAN4As/GvfFovBivs9aSMZ/ZAT9gvH0CFI6Sxg==</latexit><latexit sha1_base64="AG/h0OLRQGNIScAqU51CYScL7us=">AAAB+XicdVDLSsNAFJ3UV62vVJduBosgLsJEqq0bKbhxI1QwttCEMJlO2qGTBzMTpcR+ihsXKm79E3f+jZO2gooeuHA4517uvSdIOZMKoQ+jtLC4tLxSXq2srW9sbpnV7RuZZIJQhyQ8Ed0AS8pZTB3FFKfdVFAcBZx2gtF54XduqZAsia/VOKVehAcxCxnBSku+WXXTIfMPXckiaKNLv235Zg1ZCKHGMYIFse2T+pQ06k0E7cLSqIE52r757vYTkkU0VoRjKXs2SpWXY6EY4XRScTNJU0xGeEB7msY4otLLp6dP4L5W+jBMhK5Ywan6fSLHkZTjKNCdEVZD+dsrxL+8XqbCppezOM0UjclsUZhxqBJY5AD7TFCi+FgTTATTt0IyxAITpdOq6BC+PoX/E+fIOrXsq3qtdTZPowx2wR44ADZogBa4AG3gAALuwAN4As/GvfFovBivs9aSMZ/ZAT9gvH0CFI6Sxg==</latexit><latexit sha1_base64="AG/h0OLRQGNIScAqU51CYScL7us=">AAAB+XicdVDLSsNAFJ3UV62vVJduBosgLsJEqq0bKbhxI1QwttCEMJlO2qGTBzMTpcR+ihsXKm79E3f+jZO2gooeuHA4517uvSdIOZMKoQ+jtLC4tLxSXq2srW9sbpnV7RuZZIJQhyQ8Ed0AS8pZTB3FFKfdVFAcBZx2gtF54XduqZAsia/VOKVehAcxCxnBSku+WXXTIfMPXckiaKNLv235Zg1ZCKHGMYIFse2T+pQ06k0E7cLSqIE52r757vYTkkU0VoRjKXs2SpWXY6EY4XRScTNJU0xGeEB7msY4otLLp6dP4L5W+jBMhK5Ywan6fSLHkZTjKNCdEVZD+dsrxL+8XqbCppezOM0UjclsUZhxqBJY5AD7TFCi+FgTTATTt0IyxAITpdOq6BC+PoX/E+fIOrXsq3qtdTZPowx2wR44ADZogBa4AG3gAALuwAN4As/GvfFovBivs9aSMZ/ZAT9gvH0CFI6Sxg==</latexit><latexit sha1_base64="AG/h0OLRQGNIScAqU51CYScL7us=">AAAB+XicdVDLSsNAFJ3UV62vVJduBosgLsJEqq0bKbhxI1QwttCEMJlO2qGTBzMTpcR+ihsXKm79E3f+jZO2gooeuHA4517uvSdIOZMKoQ+jtLC4tLxSXq2srW9sbpnV7RuZZIJQhyQ8Ed0AS8pZTB3FFKfdVFAcBZx2gtF54XduqZAsia/VOKVehAcxCxnBSku+WXXTIfMPXckiaKNLv235Zg1ZCKHGMYIFse2T+pQ06k0E7cLSqIE52r757vYTkkU0VoRjKXs2SpWXY6EY4XRScTNJU0xGeEB7msY4otLLp6dP4L5W+jBMhK5Ywan6fSLHkZTjKNCdEVZD+dsrxL+8XqbCppezOM0UjclsUZhxqBJY5AD7TFCi+FgTTATTt0IyxAITpdOq6BC+PoX/E+fIOrXsq3qtdTZPowx2wR44ADZogBa4AG3gAALuwAN4As/GvfFovBivs9aSMZ/ZAT9gvH0CFI6Sxg==</latexit>� ⇠ �⇤, V 0 ⇠ 10�11M3

P
<latexit sha1_base64="nq22Pp2WdoPWRrRtvPyw1AJsLTA="></latexit><latexit sha1_base64="nq22Pp2WdoPWRrRtvPyw1AJsLTA="></latexit><latexit sha1_base64="nq22Pp2WdoPWRrRtvPyw1AJsLTA="></latexit><latexit sha1_base64="nq22Pp2WdoPWRrRtvPyw1AJsLTA="></latexit>

e1/2 > 10�4cH
⇣M2

P

M

⌘

<latexit sha1_base64="Z6KHuwzDt/hi2UhQcoYU4qUWBJc="></latexit><latexit sha1_base64="Z6KHuwzDt/hi2UhQcoYU4qUWBJc="></latexit><latexit sha1_base64="Z6KHuwzDt/hi2UhQcoYU4qUWBJc="></latexit><latexit sha1_base64="Z6KHuwzDt/hi2UhQcoYU4qUWBJc="></latexit>

: M ⇠ MP , cH ⇠ 1
<latexit sha1_base64="/hbRBG3y5ecfmUK0IgiBFmNMrjM=">AAACAXicdVDLSgMxFM3UV62vUVfiJlgEF6VkpNrqQgpuuilUsLbQKUMmTdvQZGZIMkIpxY2/4saFilv/wp1/Y2ZaQUUPXDg5515y7/EjzpRG6MPKLCwuLa9kV3Nr6xubW/b2zo0KY0lok4Q8lG0fK8pZQJuaaU7bkaRY+Jy2/NFl4rduqVQsDK71OKJdgQcB6zOCtZE8e+/cLbiFuquYgHWvUYDEq6UPx7PzqIgQKp8gmBDHOS2lpFyqIOgklkEezNHw7He3F5JY0EATjpXqOCjS3QmWmhFOpzk3VjTCZIQHtGNogAVV3Ul6whQeGqUH+6E0FWiYqt8nJlgoNRa+6RRYD9VvLxH/8jqx7le6ExZEsaYBmX3UjznUIUzygD0mKdF8bAgmkpldIRliiYk2qeVMCF+Xwv9J87h4VnSuSvnqxTyNLNgHB+AIOKAMqqAGGqAJCLgDD+AJPFv31qP1Yr3OWjPWfGYX/ID19gm0hZVE</latexit><latexit sha1_base64="/hbRBG3y5ecfmUK0IgiBFmNMrjM=">AAACAXicdVDLSgMxFM3UV62vUVfiJlgEF6VkpNrqQgpuuilUsLbQKUMmTdvQZGZIMkIpxY2/4saFilv/wp1/Y2ZaQUUPXDg5515y7/EjzpRG6MPKLCwuLa9kV3Nr6xubW/b2zo0KY0lok4Q8lG0fK8pZQJuaaU7bkaRY+Jy2/NFl4rduqVQsDK71OKJdgQcB6zOCtZE8e+/cLbiFuquYgHWvUYDEq6UPx7PzqIgQKp8gmBDHOS2lpFyqIOgklkEezNHw7He3F5JY0EATjpXqOCjS3QmWmhFOpzk3VjTCZIQHtGNogAVV3Ul6whQeGqUH+6E0FWiYqt8nJlgoNRa+6RRYD9VvLxH/8jqx7le6ExZEsaYBmX3UjznUIUzygD0mKdF8bAgmkpldIRliiYk2qeVMCF+Xwv9J87h4VnSuSvnqxTyNLNgHB+AIOKAMqqAGGqAJCLgDD+AJPFv31qP1Yr3OWjPWfGYX/ID19gm0hZVE</latexit><latexit sha1_base64="/hbRBG3y5ecfmUK0IgiBFmNMrjM=">AAACAXicdVDLSgMxFM3UV62vUVfiJlgEF6VkpNrqQgpuuilUsLbQKUMmTdvQZGZIMkIpxY2/4saFilv/wp1/Y2ZaQUUPXDg5515y7/EjzpRG6MPKLCwuLa9kV3Nr6xubW/b2zo0KY0lok4Q8lG0fK8pZQJuaaU7bkaRY+Jy2/NFl4rduqVQsDK71OKJdgQcB6zOCtZE8e+/cLbiFuquYgHWvUYDEq6UPx7PzqIgQKp8gmBDHOS2lpFyqIOgklkEezNHw7He3F5JY0EATjpXqOCjS3QmWmhFOpzk3VjTCZIQHtGNogAVV3Ul6whQeGqUH+6E0FWiYqt8nJlgoNRa+6RRYD9VvLxH/8jqx7le6ExZEsaYBmX3UjznUIUzygD0mKdF8bAgmkpldIRliiYk2qeVMCF+Xwv9J87h4VnSuSvnqxTyNLNgHB+AIOKAMqqAGGqAJCLgDD+AJPFv31qP1Yr3OWjPWfGYX/ID19gm0hZVE</latexit><latexit sha1_base64="/hbRBG3y5ecfmUK0IgiBFmNMrjM=">AAACAXicdVDLSgMxFM3UV62vUVfiJlgEF6VkpNrqQgpuuilUsLbQKUMmTdvQZGZIMkIpxY2/4saFilv/wp1/Y2ZaQUUPXDg5515y7/EjzpRG6MPKLCwuLa9kV3Nr6xubW/b2zo0KY0lok4Q8lG0fK8pZQJuaaU7bkaRY+Jy2/NFl4rduqVQsDK71OKJdgQcB6zOCtZE8e+/cLbiFuquYgHWvUYDEq6UPx7PzqIgQKp8gmBDHOS2lpFyqIOgklkEezNHw7He3F5JY0EATjpXqOCjS3QmWmhFOpzk3VjTCZIQHtGNogAVV3Ul6whQeGqUH+6E0FWiYqt8nJlgoNRa+6RRYD9VvLxH/8jqx7le6ExZEsaYBmX3UjznUIUzygD0mKdF8bAgmkpldIRliiYk2qeVMCF+Xwv9J87h4VnSuSvnqxTyNLNgHB+AIOKAMqqAGGqAJCLgDD+AJPFv31qP1Yr3OWjPWfGYX/ID19gm0hZVE</latexit>

{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

[Bousso, Polchinski, 2000]

⇤last ' eqc =
eM2

cH
<latexit sha1_base64="T0Iq9kEEWbkCq60rR5UPSJoqYuI="></latexit>

Classical rolling is dominant for                   !
p
e ⇠ 100GeV

<latexit sha1_base64="8MU4/Lna9NOJeNF55UAo+/U8kSI=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEms+NgVXeiygn1AE8pketsOnUnizEQoIQs3/oobF4q49SPc+TcmaRG1HrhwOOde7r3HCzlT2rI+jbn5hcWl5cJKcXVtfWPT3NpuqiCSFBo04IFse0QBZz40NNMc2qEEIjwOLW90kfmtO5CKBf6NHofgCjLwWZ9RolOpa5YcdSt1DImjmMC2ZTkHsSMFvoRm0jXLVsXKgWeJPSVlNEW9a344vYBGAnxNOVGqY1uhdmMiNaMckqITKQgJHZEBdFLqEwHKjfMnEryXKj3cD2Ravsa5+nMiJkKpsfDSTkH0UP31MvE/rxPp/qkbMz+MNPh0sqgfcawDnCWCe0wC1XycEkIlS2/FdEgkoTrNrZiHcJbh+PvlWdI8rNjVSvX6qFw7n8ZRQCW0i/aRjU5QDV2hOmogiu7RI3pGL8aD8WS8Gm+T1jljOrODfsF4/wLB8Zem</latexit>

Last transition must occur fast enough, 
otherwise no observable slow-roll inflation. 



Trapped inflaton
• Inflaton stuck at the false vacuum in dS phases.

Inflaton tunnels to the true vacuum after last nucleation,
and the slow-roll inflation and reheating occur.

�⇤e↵ ⇡ eqc
<latexit sha1_base64="1cUAqhEbXG4WupfkXRUWxAuQwdc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwShYhV0R1EYCWlhYRDAmkA3L3cndZMjsw5lZMSz5ARt/xcZCxdYPsPNvnDwKTTwwcDjnHu7c4yeCK23b31Zubn5hcSm/XFhZXVvfKG5u3ao4lQxrLBaxbPigUPAIa5prgY1EIoS+wLrfOx/69XuUisfRje4n2AqhE/GAM9BG8op77gUKDe6VibTBy1wZUgyCgQtJIuMHivTOY16xZJftEegscSakRCaoesUvtx2zNMRIMwFKNR070a0MpOZM4KDgpgoTYD3oYNPQCEJUrWx0zYDuG6VNg1iaF2k6Un8nMgiV6oe+mQxBd9W0NxT/85qpDk5aGY+SVGPExouCVFAd02E1tM0lMi36hgCT3PyVsi5IYNoUWDAlONMnz5LaYfm07FwflSpnkzbyZIfskgPikGNSIZekSmqEkUfyTF7Jm/VkvVjv1sd4NGdNMtvkD6zPH59Dm3c=</latexit><latexit sha1_base64="1cUAqhEbXG4WupfkXRUWxAuQwdc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwShYhV0R1EYCWlhYRDAmkA3L3cndZMjsw5lZMSz5ARt/xcZCxdYPsPNvnDwKTTwwcDjnHu7c4yeCK23b31Zubn5hcSm/XFhZXVvfKG5u3ao4lQxrLBaxbPigUPAIa5prgY1EIoS+wLrfOx/69XuUisfRje4n2AqhE/GAM9BG8op77gUKDe6VibTBy1wZUgyCgQtJIuMHivTOY16xZJftEegscSakRCaoesUvtx2zNMRIMwFKNR070a0MpOZM4KDgpgoTYD3oYNPQCEJUrWx0zYDuG6VNg1iaF2k6Un8nMgiV6oe+mQxBd9W0NxT/85qpDk5aGY+SVGPExouCVFAd02E1tM0lMi36hgCT3PyVsi5IYNoUWDAlONMnz5LaYfm07FwflSpnkzbyZIfskgPikGNSIZekSmqEkUfyTF7Jm/VkvVjv1sd4NGdNMtvkD6zPH59Dm3c=</latexit><latexit sha1_base64="1cUAqhEbXG4WupfkXRUWxAuQwdc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwShYhV0R1EYCWlhYRDAmkA3L3cndZMjsw5lZMSz5ARt/xcZCxdYPsPNvnDwKTTwwcDjnHu7c4yeCK23b31Zubn5hcSm/XFhZXVvfKG5u3ao4lQxrLBaxbPigUPAIa5prgY1EIoS+wLrfOx/69XuUisfRje4n2AqhE/GAM9BG8op77gUKDe6VibTBy1wZUgyCgQtJIuMHivTOY16xZJftEegscSakRCaoesUvtx2zNMRIMwFKNR070a0MpOZM4KDgpgoTYD3oYNPQCEJUrWx0zYDuG6VNg1iaF2k6Un8nMgiV6oe+mQxBd9W0NxT/85qpDk5aGY+SVGPExouCVFAd02E1tM0lMi36hgCT3PyVsi5IYNoUWDAlONMnz5LaYfm07FwflSpnkzbyZIfskgPikGNSIZekSmqEkUfyTF7Jm/VkvVjv1sd4NGdNMtvkD6zPH59Dm3c=</latexit><latexit sha1_base64="1cUAqhEbXG4WupfkXRUWxAuQwdc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwShYhV0R1EYCWlhYRDAmkA3L3cndZMjsw5lZMSz5ARt/xcZCxdYPsPNvnDwKTTwwcDjnHu7c4yeCK23b31Zubn5hcSm/XFhZXVvfKG5u3ao4lQxrLBaxbPigUPAIa5prgY1EIoS+wLrfOx/69XuUisfRje4n2AqhE/GAM9BG8op77gUKDe6VibTBy1wZUgyCgQtJIuMHivTOY16xZJftEegscSakRCaoesUvtx2zNMRIMwFKNR070a0MpOZM4KDgpgoTYD3oYNPQCEJUrWx0zYDuG6VNg1iaF2k6Un8nMgiV6oe+mQxBd9W0NxT/85qpDk5aGY+SVGPExouCVFAd02E1tM0lMi36hgCT3PyVsi5IYNoUWDAlONMnz5LaYfm07FwflSpnkzbyZIfskgPikGNSIZekSmqEkUfyTF7Jm/VkvVjv1sd4NGdNMtvkD6zPH59Dm3c=</latexit>

�
<latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit>

V (�)
<latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit>

V = ⇤e↵ + VI(�)
<latexit sha1_base64="qcYAtjKGSyoSCRI9r98cU3/r0Ak=">AAACB3icbVDNSsNAGNz4W+tf1KMHF4tQEUoignpQCl4UPFQwbaEJYbPZtEt3k7C7EUro0Yuv4sWDildfwZtv47bNQVsHFoaZ+fj2myBlVCrL+jbm5hcWl5ZLK+XVtfWNTXNruymTTGDi4IQloh0gSRiNiaOoYqSdCoJ4wEgr6F+N/NYDEZIm8b0apMTjqBvTiGKktOSbe80L6N7qfIj83BUckigaHjX9m6qb9ugh9M2KVbPGgLPELkgFFGj45pcbJjjjJFaYISk7tpUqL0dCUczIsOxmkqQI91GXdDSNESfSy8eHDOGBVkIYJUK/WMGx+nsiR1zKAQ90kiPVk9PeSPzP62QqOvNyGqeZIjGeLIoyBlUCR63AkAqCFRtogrCg+q8Q95BAWOnuyroEe/rkWeIc185r9t1JpX5ZtFECu2AfVIENTkEdXIMGcAAGj+AZvII348l4Md6Nj0l0zihmdsAfGJ8/zGSYGw==</latexit><latexit sha1_base64="qcYAtjKGSyoSCRI9r98cU3/r0Ak=">AAACB3icbVDNSsNAGNz4W+tf1KMHF4tQEUoignpQCl4UPFQwbaEJYbPZtEt3k7C7EUro0Yuv4sWDildfwZtv47bNQVsHFoaZ+fj2myBlVCrL+jbm5hcWl5ZLK+XVtfWNTXNruymTTGDi4IQloh0gSRiNiaOoYqSdCoJ4wEgr6F+N/NYDEZIm8b0apMTjqBvTiGKktOSbe80L6N7qfIj83BUckigaHjX9m6qb9ugh9M2KVbPGgLPELkgFFGj45pcbJjjjJFaYISk7tpUqL0dCUczIsOxmkqQI91GXdDSNESfSy8eHDOGBVkIYJUK/WMGx+nsiR1zKAQ90kiPVk9PeSPzP62QqOvNyGqeZIjGeLIoyBlUCR63AkAqCFRtogrCg+q8Q95BAWOnuyroEe/rkWeIc185r9t1JpX5ZtFECu2AfVIENTkEdXIMGcAAGj+AZvII348l4Md6Nj0l0zihmdsAfGJ8/zGSYGw==</latexit><latexit sha1_base64="qcYAtjKGSyoSCRI9r98cU3/r0Ak=">AAACB3icbVDNSsNAGNz4W+tf1KMHF4tQEUoignpQCl4UPFQwbaEJYbPZtEt3k7C7EUro0Yuv4sWDildfwZtv47bNQVsHFoaZ+fj2myBlVCrL+jbm5hcWl5ZLK+XVtfWNTXNruymTTGDi4IQloh0gSRiNiaOoYqSdCoJ4wEgr6F+N/NYDEZIm8b0apMTjqBvTiGKktOSbe80L6N7qfIj83BUckigaHjX9m6qb9ugh9M2KVbPGgLPELkgFFGj45pcbJjjjJFaYISk7tpUqL0dCUczIsOxmkqQI91GXdDSNESfSy8eHDOGBVkIYJUK/WMGx+nsiR1zKAQ90kiPVk9PeSPzP62QqOvNyGqeZIjGeLIoyBlUCR63AkAqCFRtogrCg+q8Q95BAWOnuyroEe/rkWeIc185r9t1JpX5ZtFECu2AfVIENTkEdXIMGcAAGj+AZvII348l4Md6Nj0l0zihmdsAfGJ8/zGSYGw==</latexit><latexit sha1_base64="qcYAtjKGSyoSCRI9r98cU3/r0Ak=">AAACB3icbVDNSsNAGNz4W+tf1KMHF4tQEUoignpQCl4UPFQwbaEJYbPZtEt3k7C7EUro0Yuv4sWDildfwZtv47bNQVsHFoaZ+fj2myBlVCrL+jbm5hcWl5ZLK+XVtfWNTXNruymTTGDi4IQloh0gSRiNiaOoYqSdCoJ4wEgr6F+N/NYDEZIm8b0apMTjqBvTiGKktOSbe80L6N7qfIj83BUckigaHjX9m6qb9ugh9M2KVbPGgLPELkgFFGj45pcbJjjjJFaYISk7tpUqL0dCUczIsOxmkqQI91GXdDSNESfSy8eHDOGBVkIYJUK/WMGx+nsiR1zKAQ90kiPVk9PeSPzP62QqOvNyGqeZIjGeLIoyBlUCR63AkAqCFRtogrCg+q8Q95BAWOnuyroEe/rkWeIc185r9t1JpX5ZtFECu2AfVIENTkEdXIMGcAAGj+AZvII348l4Md6Nj0l0zihmdsAfGJ8/zGSYGw==</latexit>

VI < �⇤e↵
<latexit sha1_base64="EA2tgVfJx5eScJdKBHlth9P7iD4=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIKogUdKHgooJpC00Ik8lNO3TyYGYilNCNG3/FjQsVt36EO//G6WOhrQcGDufcw517gowzqSzr25ibX1hcWi6tlFfX1jc2za3thkxzQcGhKU9FKyASOEvAUUxxaGUCSBxwaAa9y6HffAAhWZrcq34GXkw6CYsYJUpLvrnX8G/O3SvgimD3VudC4heuiDFE0cA3K1bVGgHPEntCKmiCum9+uWFK8xgSRTmRsm1bmfIKIhSjHAZlN5eQEdojHWhrmpAYpFeMrhjgA62EOEqFfonCI/V3oiCxlP040JMxUV057Q3F/7x2rqJTr2BJlitI6HhRlHOsUjysBIdMAFW8rwmhgum/YtolglCliyvrEuzpk2eJc1Q9q9p3x5XaxaSNEtpF++gQ2egE1dA1qiMHUfSIntErejOejBfj3fgYj84Zk8wO+gPj8wfQTpez</latexit><latexit sha1_base64="EA2tgVfJx5eScJdKBHlth9P7iD4=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIKogUdKHgooJpC00Ik8lNO3TyYGYilNCNG3/FjQsVt36EO//G6WOhrQcGDufcw517gowzqSzr25ibX1hcWi6tlFfX1jc2za3thkxzQcGhKU9FKyASOEvAUUxxaGUCSBxwaAa9y6HffAAhWZrcq34GXkw6CYsYJUpLvrnX8G/O3SvgimD3VudC4heuiDFE0cA3K1bVGgHPEntCKmiCum9+uWFK8xgSRTmRsm1bmfIKIhSjHAZlN5eQEdojHWhrmpAYpFeMrhjgA62EOEqFfonCI/V3oiCxlP040JMxUV057Q3F/7x2rqJTr2BJlitI6HhRlHOsUjysBIdMAFW8rwmhgum/YtolglCliyvrEuzpk2eJc1Q9q9p3x5XaxaSNEtpF++gQ2egE1dA1qiMHUfSIntErejOejBfj3fgYj84Zk8wO+gPj8wfQTpez</latexit><latexit sha1_base64="EA2tgVfJx5eScJdKBHlth9P7iD4=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIKogUdKHgooJpC00Ik8lNO3TyYGYilNCNG3/FjQsVt36EO//G6WOhrQcGDufcw517gowzqSzr25ibX1hcWi6tlFfX1jc2za3thkxzQcGhKU9FKyASOEvAUUxxaGUCSBxwaAa9y6HffAAhWZrcq34GXkw6CYsYJUpLvrnX8G/O3SvgimD3VudC4heuiDFE0cA3K1bVGgHPEntCKmiCum9+uWFK8xgSRTmRsm1bmfIKIhSjHAZlN5eQEdojHWhrmpAYpFeMrhjgA62EOEqFfonCI/V3oiCxlP040JMxUV057Q3F/7x2rqJTr2BJlitI6HhRlHOsUjysBIdMAFW8rwmhgum/YtolglCliyvrEuzpk2eJc1Q9q9p3x5XaxaSNEtpF++gQ2egE1dA1qiMHUfSIntErejOejBfj3fgYj84Zk8wO+gPj8wfQTpez</latexit><latexit sha1_base64="EA2tgVfJx5eScJdKBHlth9P7iD4=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIKogUdKHgooJpC00Ik8lNO3TyYGYilNCNG3/FjQsVt36EO//G6WOhrQcGDufcw517gowzqSzr25ibX1hcWi6tlFfX1jc2za3thkxzQcGhKU9FKyASOEvAUUxxaGUCSBxwaAa9y6HffAAhWZrcq34GXkw6CYsYJUpLvrnX8G/O3SvgimD3VudC4heuiDFE0cA3K1bVGgHPEntCKmiCum9+uWFK8xgSRTmRsm1bmfIKIhSjHAZlN5eQEdojHWhrmpAYpFeMrhjgA62EOEqFfonCI/V3oiCxlP040JMxUV057Q3F/7x2rqJTr2BJlitI6HhRlHOsUjysBIdMAFW8rwmhgum/YtolglCliyvrEuzpk2eJc1Q9q9p3x5XaxaSNEtpF++gQ2egE1dA1qiMHUfSIntErejOejBfj3fgYj84Zk8wO+gPj8wfQTpez</latexit>

qc ! qc � e
<latexit sha1_base64="PJWQ0io6rWMiej31LlXdExws8Gk=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwY0lEUDdScOOygrGFNoTJdNIOnUzizI1SQ/FX3LhQceuHuPNvnLZZaOuBC2fOuZe594Sp4Boc59uam19YXFourZRX19Y3Nu2t7VudZIoyjyYiUc2QaCa4ZB5wEKyZKkbiULBG2L8c+Y17pjRP5A0MUubHpCt5xCkBIwX27l1A24p3e0CUSh6weR6xwK44VWcMPEvcglRQgXpgf7U7Cc1iJoEKonXLdVLwc6KAU8GG5XamWUpon3RZy1BJYqb9fLz9EB8YpYOjRJmSgMfq74mcxFoP4tB0xgR6etobif95rQyiMz/nMs2ASTr5KMoEhgSPosAdrhgFMTCEUMXNrpj2iCIUTGBlE4I7ffIs8Y6r51X3+qRSuyjSKKE9tI8OkYtOUQ1doTryEEWP6Bm9ojfryXqx3q2PSeucVczsoD+wPn8A1HaVAA==</latexit><latexit sha1_base64="PJWQ0io6rWMiej31LlXdExws8Gk=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwY0lEUDdScOOygrGFNoTJdNIOnUzizI1SQ/FX3LhQceuHuPNvnLZZaOuBC2fOuZe594Sp4Boc59uam19YXFourZRX19Y3Nu2t7VudZIoyjyYiUc2QaCa4ZB5wEKyZKkbiULBG2L8c+Y17pjRP5A0MUubHpCt5xCkBIwX27l1A24p3e0CUSh6weR6xwK44VWcMPEvcglRQgXpgf7U7Cc1iJoEKonXLdVLwc6KAU8GG5XamWUpon3RZy1BJYqb9fLz9EB8YpYOjRJmSgMfq74mcxFoP4tB0xgR6etobif95rQyiMz/nMs2ASTr5KMoEhgSPosAdrhgFMTCEUMXNrpj2iCIUTGBlE4I7ffIs8Y6r51X3+qRSuyjSKKE9tI8OkYtOUQ1doTryEEWP6Bm9ojfryXqx3q2PSeucVczsoD+wPn8A1HaVAA==</latexit><latexit sha1_base64="PJWQ0io6rWMiej31LlXdExws8Gk=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwY0lEUDdScOOygrGFNoTJdNIOnUzizI1SQ/FX3LhQceuHuPNvnLZZaOuBC2fOuZe594Sp4Boc59uam19YXFourZRX19Y3Nu2t7VudZIoyjyYiUc2QaCa4ZB5wEKyZKkbiULBG2L8c+Y17pjRP5A0MUubHpCt5xCkBIwX27l1A24p3e0CUSh6weR6xwK44VWcMPEvcglRQgXpgf7U7Cc1iJoEKonXLdVLwc6KAU8GG5XamWUpon3RZy1BJYqb9fLz9EB8YpYOjRJmSgMfq74mcxFoP4tB0xgR6etobif95rQyiMz/nMs2ASTr5KMoEhgSPosAdrhgFMTCEUMXNrpj2iCIUTGBlE4I7ffIs8Y6r51X3+qRSuyjSKKE9tI8OkYtOUQ1doTryEEWP6Bm9ojfryXqx3q2PSeucVczsoD+wPn8A1HaVAA==</latexit><latexit sha1_base64="PJWQ0io6rWMiej31LlXdExws8Gk=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwY0lEUDdScOOygrGFNoTJdNIOnUzizI1SQ/FX3LhQceuHuPNvnLZZaOuBC2fOuZe594Sp4Boc59uam19YXFourZRX19Y3Nu2t7VudZIoyjyYiUc2QaCa4ZB5wEKyZKkbiULBG2L8c+Y17pjRP5A0MUubHpCt5xCkBIwX27l1A24p3e0CUSh6weR6xwK44VWcMPEvcglRQgXpgf7U7Cc1iJoEKonXLdVLwc6KAU8GG5XamWUpon3RZy1BJYqb9fLz9EB8YpYOjRJmSgMfq74mcxFoP4tB0xgR6etobif95rQyiMz/nMs2ASTr5KMoEhgSPosAdrhgFMTCEUMXNrpj2iCIUTGBlE4I7ffIs8Y6r51X3+qRSuyjSKKE9tI8OkYtOUQ1doTryEEWP6Bm9ojfryXqx3q2PSeucVczsoD+wPn8A1HaVAA==</latexit>

Last nucleation

[Bousso, Polchinski, 2000]

�false < �flux
<latexit sha1_base64="/9EA09wO7Ipy2Df7UrLiy/NUMkc=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSmrFB4gU3LisYB/QlHIznbRDZ5IwMxFLyA+48VfcuFDErXt3/o1JGsRaD1w4nHMv997jBJwpbVlfxtz8wuLScmGluLq2vrFpbm03lR9KQhvE575sO6AoZx5taKY5bQeSgnA4bTmjq9Rv3VGpmO/d6nFAuwIGHnMZAZ1IPXPfHoAQ0ItsKbALXNH4Ykri4X3cM0tW2cqAZ0klJyWUo94zP+2+T0JBPU04KNWpWIHuRiA1I5zGRTtUNAAyggHtJNQDQVU3yr6J8UGi9LHry6Q8jTP190QEQqmxcJJOAXqo/nqp+J/XCbV71o2YF4SaemSyyA051j5Oo8F9JinRfJwQIJIlt2IyBAlEJwEWsxDOU5z8vDxLmkflSrVcvTku1S7zOApoF+2hQ1RBp6iGrlEdNRBBD+gJvaBX49F4Nt6M90nrnJHP7KApGB/fPVKcbg==</latexit>

= r�4
0 e�B

<latexit sha1_base64="pj8PRpvwaPb2xkqEGdw0fUgtMG0=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1oSW7wslKIblxXsBdoYJtNJO3RyYWYihBBfxY0LRdz6IO58GydpELX+MPDxn3M4Z34nZFRIw/jU5uYXFpeWSyvl1bX1jU19a7sjgohj0sYBC3jPQYIw6pO2pJKRXsgJ8hxGus7kKqt37wkXNPBvZRwSy0Mjn7oUI6ksW6+c87vksJHaBhwcQKL4MrX1qlEzcsFZMAuogkItW/8YDAMcecSXmCEh+qYRSitBXFLMSFoeRIKECE/QiPQV+sgjwkry41O4p5whdAOuni9h7v6cSJAnROw5qtNDciz+1jLzv1o/ku6plVA/jCTx8XSRGzEoA5glAYeUEyxZrABhTtWtEI8RR1iqvMp5CGeZjr+/PAudo5pZr9VvGtXmRRFHCeyAXbAPTHACmuAatEAbYBCDR/AMXrQH7Ul71d6mrXNaMVMBv6S9fwGBdpOD</latexit>



Flux-dependent minimum

�⇤e↵ ⇡ eqc
<latexit sha1_base64="1cUAqhEbXG4WupfkXRUWxAuQwdc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwShYhV0R1EYCWlhYRDAmkA3L3cndZMjsw5lZMSz5ARt/xcZCxdYPsPNvnDwKTTwwcDjnHu7c4yeCK23b31Zubn5hcSm/XFhZXVvfKG5u3ao4lQxrLBaxbPigUPAIa5prgY1EIoS+wLrfOx/69XuUisfRje4n2AqhE/GAM9BG8op77gUKDe6VibTBy1wZUgyCgQtJIuMHivTOY16xZJftEegscSakRCaoesUvtx2zNMRIMwFKNR070a0MpOZM4KDgpgoTYD3oYNPQCEJUrWx0zYDuG6VNg1iaF2k6Un8nMgiV6oe+mQxBd9W0NxT/85qpDk5aGY+SVGPExouCVFAd02E1tM0lMi36hgCT3PyVsi5IYNoUWDAlONMnz5LaYfm07FwflSpnkzbyZIfskgPikGNSIZekSmqEkUfyTF7Jm/VkvVjv1sd4NGdNMtvkD6zPH59Dm3c=</latexit><latexit sha1_base64="1cUAqhEbXG4WupfkXRUWxAuQwdc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwShYhV0R1EYCWlhYRDAmkA3L3cndZMjsw5lZMSz5ARt/xcZCxdYPsPNvnDwKTTwwcDjnHu7c4yeCK23b31Zubn5hcSm/XFhZXVvfKG5u3ao4lQxrLBaxbPigUPAIa5prgY1EIoS+wLrfOx/69XuUisfRje4n2AqhE/GAM9BG8op77gUKDe6VibTBy1wZUgyCgQtJIuMHivTOY16xZJftEegscSakRCaoesUvtx2zNMRIMwFKNR070a0MpOZM4KDgpgoTYD3oYNPQCEJUrWx0zYDuG6VNg1iaF2k6Un8nMgiV6oe+mQxBd9W0NxT/85qpDk5aGY+SVGPExouCVFAd02E1tM0lMi36hgCT3PyVsi5IYNoUWDAlONMnz5LaYfm07FwflSpnkzbyZIfskgPikGNSIZekSmqEkUfyTF7Jm/VkvVjv1sd4NGdNMtvkD6zPH59Dm3c=</latexit><latexit sha1_base64="1cUAqhEbXG4WupfkXRUWxAuQwdc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwShYhV0R1EYCWlhYRDAmkA3L3cndZMjsw5lZMSz5ARt/xcZCxdYPsPNvnDwKTTwwcDjnHu7c4yeCK23b31Zubn5hcSm/XFhZXVvfKG5u3ao4lQxrLBaxbPigUPAIa5prgY1EIoS+wLrfOx/69XuUisfRje4n2AqhE/GAM9BG8op77gUKDe6VibTBy1wZUgyCgQtJIuMHivTOY16xZJftEegscSakRCaoesUvtx2zNMRIMwFKNR070a0MpOZM4KDgpgoTYD3oYNPQCEJUrWx0zYDuG6VNg1iaF2k6Un8nMgiV6oe+mQxBd9W0NxT/85qpDk5aGY+SVGPExouCVFAd02E1tM0lMi36hgCT3PyVsi5IYNoUWDAlONMnz5LaYfm07FwflSpnkzbyZIfskgPikGNSIZekSmqEkUfyTF7Jm/VkvVjv1sd4NGdNMtvkD6zPH59Dm3c=</latexit><latexit sha1_base64="1cUAqhEbXG4WupfkXRUWxAuQwdc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwShYhV0R1EYCWlhYRDAmkA3L3cndZMjsw5lZMSz5ARt/xcZCxdYPsPNvnDwKTTwwcDjnHu7c4yeCK23b31Zubn5hcSm/XFhZXVvfKG5u3ao4lQxrLBaxbPigUPAIa5prgY1EIoS+wLrfOx/69XuUisfRje4n2AqhE/GAM9BG8op77gUKDe6VibTBy1wZUgyCgQtJIuMHivTOY16xZJftEegscSakRCaoesUvtx2zNMRIMwFKNR070a0MpOZM4KDgpgoTYD3oYNPQCEJUrWx0zYDuG6VNg1iaF2k6Un8nMgiV6oe+mQxBd9W0NxT/85qpDk5aGY+SVGPExouCVFAd02E1tM0lMi36hgCT3PyVsi5IYNoUWDAlONMnz5LaYfm07FwflSpnkzbyZIfskgPikGNSIZekSmqEkUfyTF7Jm/VkvVjv1sd4NGdNMtvkD6zPH59Dm3c=</latexit>

�
<latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit>

V (�)
<latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit>

qc ! qc � e
<latexit sha1_base64="PJWQ0io6rWMiej31LlXdExws8Gk=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwY0lEUDdScOOygrGFNoTJdNIOnUzizI1SQ/FX3LhQceuHuPNvnLZZaOuBC2fOuZe594Sp4Boc59uam19YXFourZRX19Y3Nu2t7VudZIoyjyYiUc2QaCa4ZB5wEKyZKkbiULBG2L8c+Y17pjRP5A0MUubHpCt5xCkBIwX27l1A24p3e0CUSh6weR6xwK44VWcMPEvcglRQgXpgf7U7Cc1iJoEKonXLdVLwc6KAU8GG5XamWUpon3RZy1BJYqb9fLz9EB8YpYOjRJmSgMfq74mcxFoP4tB0xgR6etobif95rQyiMz/nMs2ASTr5KMoEhgSPosAdrhgFMTCEUMXNrpj2iCIUTGBlE4I7ffIs8Y6r51X3+qRSuyjSKKE9tI8OkYtOUQ1doTryEEWP6Bm9ojfryXqx3q2PSeucVczsoD+wPn8A1HaVAA==</latexit><latexit sha1_base64="PJWQ0io6rWMiej31LlXdExws8Gk=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwY0lEUDdScOOygrGFNoTJdNIOnUzizI1SQ/FX3LhQceuHuPNvnLZZaOuBC2fOuZe594Sp4Boc59uam19YXFourZRX19Y3Nu2t7VudZIoyjyYiUc2QaCa4ZB5wEKyZKkbiULBG2L8c+Y17pjRP5A0MUubHpCt5xCkBIwX27l1A24p3e0CUSh6weR6xwK44VWcMPEvcglRQgXpgf7U7Cc1iJoEKonXLdVLwc6KAU8GG5XamWUpon3RZy1BJYqb9fLz9EB8YpYOjRJmSgMfq74mcxFoP4tB0xgR6etobif95rQyiMz/nMs2ASTr5KMoEhgSPosAdrhgFMTCEUMXNrpj2iCIUTGBlE4I7ffIs8Y6r51X3+qRSuyjSKKE9tI8OkYtOUQ1doTryEEWP6Bm9ojfryXqx3q2PSeucVczsoD+wPn8A1HaVAA==</latexit><latexit sha1_base64="PJWQ0io6rWMiej31LlXdExws8Gk=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwY0lEUDdScOOygrGFNoTJdNIOnUzizI1SQ/FX3LhQceuHuPNvnLZZaOuBC2fOuZe594Sp4Boc59uam19YXFourZRX19Y3Nu2t7VudZIoyjyYiUc2QaCa4ZB5wEKyZKkbiULBG2L8c+Y17pjRP5A0MUubHpCt5xCkBIwX27l1A24p3e0CUSh6weR6xwK44VWcMPEvcglRQgXpgf7U7Cc1iJoEKonXLdVLwc6KAU8GG5XamWUpon3RZy1BJYqb9fLz9EB8YpYOjRJmSgMfq74mcxFoP4tB0xgR6etobif95rQyiMz/nMs2ASTr5KMoEhgSPosAdrhgFMTCEUMXNrpj2iCIUTGBlE4I7ffIs8Y6r51X3+qRSuyjSKKE9tI8OkYtOUQ1doTryEEWP6Bm9ojfryXqx3q2PSeucVczsoD+wPn8A1HaVAA==</latexit><latexit sha1_base64="PJWQ0io6rWMiej31LlXdExws8Gk=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwY0lEUDdScOOygrGFNoTJdNIOnUzizI1SQ/FX3LhQceuHuPNvnLZZaOuBC2fOuZe594Sp4Boc59uam19YXFourZRX19Y3Nu2t7VudZIoyjyYiUc2QaCa4ZB5wEKyZKkbiULBG2L8c+Y17pjRP5A0MUubHpCt5xCkBIwX27l1A24p3e0CUSh6weR6xwK44VWcMPEvcglRQgXpgf7U7Cc1iJoEKonXLdVLwc6KAU8GG5XamWUpon3RZy1BJYqb9fLz9EB8YpYOjRJmSgMfq74mcxFoP4tB0xgR6etobif95rQyiMz/nMs2ASTr5KMoEhgSPosAdrhgFMTCEUMXNrpj2iCIUTGBlE4I7ffIs8Y6r51X3+qRSuyjSKKE9tI8OkYtOUQ1doTryEEWP6Bm9ojfryXqx3q2PSeucVczsoD+wPn8A1HaVAA==</latexit>

Last nucleation

Flux-dependent Reheating

Flux-dependent coupling kicks the inflaton away.

[Bousso, Polchinski, 2000; HML 2019]



Reheating from general
four-form couplings



General four-form couplings
• The general four-form Lagrangian contains a 

dimensionless non-minimal coupling to gravity.

+
c1
24

@µ(✏
µ⌫⇢�RA⌫⇢�).

<latexit sha1_base64="Cf7q9U1xnPbmYDFKR5X9PsKXkBs="></latexit><latexit sha1_base64="Cf7q9U1xnPbmYDFKR5X9PsKXkBs="></latexit><latexit sha1_base64="Cf7q9U1xnPbmYDFKR5X9PsKXkBs="></latexit><latexit sha1_base64="Cf7q9U1xnPbmYDFKR5X9PsKXkBs="></latexit>

Non-minimal coupling Higher curvature 
term for consistency

The gauge field for four-form flux 
becomes dynamical due to graviton mixing.

[HML, 2019]

Naively, Fµ⌫⇢� = q ✏µ⌫⇢�
<latexit sha1_base64="OxHtTAKj7WgC5amjEXE+Fmgauhw=">AAACHHicbVDLSsNAFJ34rPUVdekmWAQXUhIrPhZKQRCXFewDmhAm00k7dGYSZyZCCf0QN/6KGxeKuHEh+DdO0iBqPTBwOOdc7twTxJRIZdufxszs3PzCYmmpvLyyurZubmy2ZJQIhJsoopHoBFBiSjhuKqIo7sQCQxZQ3A6GF5nfvsNCkojfqFGMPQb7nIQEQaUl36xd+qnLEpcnrhhEriR9Bsdnt+6+i2NJqI5M275Zsat2DmuaOAWpgAIN33x3exFKGOYKUShl17Fj5aVQKIIoHpfdROIYoiHs466mHDIsvTQ/bmztaqVnhZHQjysrV39OpJBJOWKBTjKoBvKvl4n/ed1EhSdeSnicKMzRZFGYUEtFVtaU1SMCI0VHmkAkiP6rhQZQQKR0n+W8hNMMR98nT5PWQdWpVWvXh5X6eVFHCWyDHbAHHHAM6uAKNEATIHAPHsEzeDEejCfj1XibRGeMYmYL/ILx8QVBHKN6</latexit>

Concretely,

c1q⇤hµ
µ

<latexit sha1_base64="mJZ3bZ6wtWlLJqk+QdkORtndASE=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCCymJFR8bKbpxWcE+oIlhMp22QyeTODMRS+zCX3HjQhG3/oY7/8ZJGkStBy4czrmXe+/xI0alsqxPY2p6ZnZuvrBQXFxaXlk119YbMowFJnUcslC0fCQJo5zUFVWMtCJBUOAz0vQH56nfvCVC0pBfqWFE3AD1OO1SjJSWPHMTeza8cfagcxbewf61E8ReWmbJKlsZ4CSxc1ICOWqe+eF0QhwHhCvMkJRt24qUmyChKGZkVHRiSSKEB6hH2ppyFBDpJtn9I7ijlQ7shkIXVzBTf04kKJByGPi6M0CqL/96qfif145V99hNKI9iRTgeL+rGDKoQpmHADhUEKzbUBGFB9a0Q95FAWOnIilkIJykOv1+eJI39sl0pVy4PStXTPI4C2ALbYBfY4AhUwQWogTrA4B48gmfwYjwYT8ar8TZunTLymQ3wC8b7F1oJlSw=</latexit>

Le↵ ⇠ �F
2
µ⌫⇢�

⇠ �(q + cH |H|2 � c1R)2
<latexit sha1_base64="UTta+1VtB3WJy4ckNGghJoPGrZE="></latexit>

�cHq|H|2, cHc1|H|2R, �c
2
1R

2
<latexit sha1_base64="qTTsqGnnM1bLr7lwtmXroCRd0B0=">AAACHHicbZDLSgMxFIYz9VbrrerSTbAILmyZacXLRgpuuqzFXqCdDplM2oZmLk0yQmn7IG58FTcuFHHjQvBtzEwHUesPCT/fOYfk/HbAqJC6/qmllpZXVtfS65mNza3tnezuXkP4Icekjn3m85aNBGHUI3VJJSOtgBPk2ow07eF1VG/eES6o793KcUBMF/U92qMYSYWsbCmPrQocwWll2i2edEYhcmBEsGXMGawlNI+7RQVr6s7m9IIeCy4aIzE5kKhqZd87jo9Dl3gSMyRE29ADaU4QlxQzMst0QkEChIeoT9rKesglwpzEy83gkSIO7PlcHU/CmP6cmCBXiLFrq04XyYH4W4vgf7V2KHsX5oR6QSiJh+cP9UIGpQ+jpKBDOcGSjZVBmFP1V4gHiCMsVZ6ZOITLSGffKy+aRrFglAqlm9Nc+SqJIw0OwCE4BgY4B2VQAVVQBxjcg0fwDF60B+1Je9Xe5q0pLZnZB7+kfXwBJp6eaw==</latexit>

: kinetic mixing



Dual-scalar theory
• R2 gravity is equivalent to scalar-dual theory.

� = cH |H|2 + q +

p
⇣2 � c

2
1

c1
�

<latexit sha1_base64="6rGCyLPYbhn0dK2uIsHhRxnLiXw="></latexit><latexit sha1_base64="6rGCyLPYbhn0dK2uIsHhRxnLiXw="></latexit><latexit sha1_base64="6rGCyLPYbhn0dK2uIsHhRxnLiXw="></latexit><latexit sha1_base64="6rGCyLPYbhn0dK2uIsHhRxnLiXw="></latexit>

: Hubbard-Stratonovich transf.

The bare R2 term stabilizes the dual scalar.

Le↵ =
1

2
⌦(H, q)R+

1

2
(⇣2 � c

2
1)R

2 +M
2
e↵ |H|2 � �H,e↵ |H|4 � ⇤e↵ ,

<latexit sha1_base64="R6DY2ranjBce9zC/bblwObrnifI="></latexit><latexit sha1_base64="R6DY2ranjBce9zC/bblwObrnifI="></latexit><latexit sha1_base64="R6DY2ranjBce9zC/bblwObrnifI="></latexit><latexit sha1_base64="R6DY2ranjBce9zC/bblwObrnifI="></latexit>

⌦(H, q) = 1 + c1(cH |H|2 + q) :
<latexit sha1_base64="QjhamokublPZnv1PZZRLIXg/nmE=">AAACCHicbVDLSsNAFJ34rPUVdelmsAgtlZIUwQcoBTfZWcHYQhvDZDpph04enZkIpe3Wjb/ixoWKWz/BnX/jtM1CWw9cOJxzL/fe48WMCmkY39rC4tLyympmLbu+sbm1re/s3oko4ZjYOGIRr3tIEEZDYksqGanHnKDAY6Tmda/Gfu2BcEGj8Fb2Y+IEqB1Sn2IkleTqsHkdkDbKW0e9woVZxK4J89i14NAa3peLvcK5q+eMkjEBnCdmSnIgRdXVv5qtCCcBCSVmSIiGacTSGSAuKWZklG0mgsQId1GbNBQNUUCEM5h8MoKHSmlBP+KqQgkn6u+JAQqE6Aee6gyQ7IhZbyz+5zUS6Z86AxrGiSQhni7yEwZlBMexwBblBEvWVwRhTtWtEHcQR1iq8LIqBHP25Xlil0tnJfPmOFe5TNPIgH1wAPLABCegAixQBTbA4BE8g1fwpj1pL9q79jFtXdDSmT3wB9rnDzAXlwM=</latexit><latexit sha1_base64="QjhamokublPZnv1PZZRLIXg/nmE=">AAACCHicbVDLSsNAFJ34rPUVdelmsAgtlZIUwQcoBTfZWcHYQhvDZDpph04enZkIpe3Wjb/ixoWKWz/BnX/jtM1CWw9cOJxzL/fe48WMCmkY39rC4tLyympmLbu+sbm1re/s3oko4ZjYOGIRr3tIEEZDYksqGanHnKDAY6Tmda/Gfu2BcEGj8Fb2Y+IEqB1Sn2IkleTqsHkdkDbKW0e9woVZxK4J89i14NAa3peLvcK5q+eMkjEBnCdmSnIgRdXVv5qtCCcBCSVmSIiGacTSGSAuKWZklG0mgsQId1GbNBQNUUCEM5h8MoKHSmlBP+KqQgkn6u+JAQqE6Aee6gyQ7IhZbyz+5zUS6Z86AxrGiSQhni7yEwZlBMexwBblBEvWVwRhTtWtEHcQR1iq8LIqBHP25Xlil0tnJfPmOFe5TNPIgH1wAPLABCegAixQBTbA4BE8g1fwpj1pL9q79jFtXdDSmT3wB9rnDzAXlwM=</latexit><latexit sha1_base64="QjhamokublPZnv1PZZRLIXg/nmE=">AAACCHicbVDLSsNAFJ34rPUVdelmsAgtlZIUwQcoBTfZWcHYQhvDZDpph04enZkIpe3Wjb/ixoWKWz/BnX/jtM1CWw9cOJxzL/fe48WMCmkY39rC4tLyympmLbu+sbm1re/s3oko4ZjYOGIRr3tIEEZDYksqGanHnKDAY6Tmda/Gfu2BcEGj8Fb2Y+IEqB1Sn2IkleTqsHkdkDbKW0e9woVZxK4J89i14NAa3peLvcK5q+eMkjEBnCdmSnIgRdXVv5qtCCcBCSVmSIiGacTSGSAuKWZklG0mgsQId1GbNBQNUUCEM5h8MoKHSmlBP+KqQgkn6u+JAQqE6Aee6gyQ7IhZbyz+5zUS6Z86AxrGiSQhni7yEwZlBMexwBblBEvWVwRhTtWtEHcQR1iq8LIqBHP25Xlil0tnJfPmOFe5TNPIgH1wAPLABCegAixQBTbA4BE8g1fwpj1pL9q79jFtXdDSmT3wB9rnDzAXlwM=</latexit><latexit sha1_base64="QjhamokublPZnv1PZZRLIXg/nmE=">AAACCHicbVDLSsNAFJ34rPUVdelmsAgtlZIUwQcoBTfZWcHYQhvDZDpph04enZkIpe3Wjb/ixoWKWz/BnX/jtM1CWw9cOJxzL/fe48WMCmkY39rC4tLyympmLbu+sbm1re/s3oko4ZjYOGIRr3tIEEZDYksqGanHnKDAY6Tmda/Gfu2BcEGj8Fb2Y+IEqB1Sn2IkleTqsHkdkDbKW0e9woVZxK4J89i14NAa3peLvcK5q+eMkjEBnCdmSnIgRdXVv5qtCCcBCSVmSIiGacTSGSAuKWZklG0mgsQId1GbNBQNUUCEM5h8MoKHSmlBP+KqQgkn6u+JAQqE6Aee6gyQ7IhZbyz+5zUS6Z86AxrGiSQhni7yEwZlBMexwBblBEvWVwRhTtWtEHcQR1iq8LIqBHP25Xlil0tnJfPmOFe5TNPIgH1wAPLABCegAixQBTbA4BE8g1fwpj1pL9q79jFtXdDSmT3wB9rnDzAXlwM=</latexit>

Planck mass also scans!

• Field redefinition:

⇣2 > c21 :
<latexit sha1_base64="/mhUqBqH3TnuEyowILOjpwBpaRI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSt+FqUghuXFewD2rRMppN26GQSZiZKDf0PNy4Uceu/uPNvTNIgaj1w4XDOvdx7jxNwprRpfhq5peWV1bX8emFjc2t7p7i711J+KAltEp/7suNgRTkTtKmZ5rQTSIo9h9O2M7lK/PYdlYr54lZPA2p7eCSYywjWsdTvPVCN+5Ua6VcG1uWgWDLLZgq0SKyMlCBDY1D86A19EnpUaMKxUl3LDLQdYakZ4XRW6IWKBphM8Ih2YyqwR5UdpVfP0FGsDJHry7iERqn6cyLCnlJTz4k7PazH6q+XiP953VC753bERBBqKsh8kRtypH2URICGTFKi+TQmmEgW34rIGEtMdBxUIQ3hIsHp98uLpFUpW9Vy9eakVK9lceThAA7hGCw4gzpcQwOaQEDCIzzDi3FvPBmvxtu8NWdkM/vwC8b7F0TqkdQ=</latexit>



Dual-scalar theory
• Einstein frame Lagrangian with

Canonical scalar:

Assuming that the Higgs is stabilized during dS phases:

cH
<latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit>

cH
<latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit>

cH
<latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit>

cH
<latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit><latexit sha1_base64="Rxe428g8TxYp8NO6mJugaB4kTC4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXnqsaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHho04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJEPZpxiENOB5BFn1FjpnvUavUrVrbkzkGXiFaQKBZq9yle3n7AsRmmYoFp3PDc1QU6V4UzgpNzNNKaUjegAO5ZKGqMO8tmpE3JqlT6JEmVLGjJTf0/kNNZ6HIe2M6ZmqBe9qfif18lMdBXkXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtO2YbgLb68TPzz2nXNu7uo1m+KNEpwDCdwBh5cQh0a0AQfGAzgGV7hzRHOi/PufMxbV5xi5gj+wPn8AXsdjXI=</latexit>

Dynamical scalar field with flux-dep. 
minimum is achieved!

gµ⌫ = gEµ⌫/⌦.

<latexit sha1_base64="l/jHHl0NK8OnUT2HBkRxOLz+y64=">AAAAAHicbVDLSgMxFM34rPU16tKFwSK4qjOl1G6UggjurGAf0BlLJk2noUlmSDJCGbp046+4caGIWz/BnX9j+kC09cCFk3PuJfeeIGZUacf5shYWl5ZXVjNr2fWNza1te2e3rqJEYlLDEYtkM0CKMCpITVPNSDOWBPGAkUbQvxj5jXsiFY3ErR7ExOcoFLRLMdJGatsHYTv1eOKJZHgW3l3+PE68a05ClG/bOSfvlAoltwwNGQO6syQHpqi27U+vE+GEE6ExQ0q1XCfWfoqkppiRYdZLFIkR7qOQtAwViBPlp+NDhvDIKB3YjaQpoeFY/T2RIq7UgAemkyPdU7PeSPzPayW6W/ZTKuJEE4EnH3UTBnUER6nADpUEazYwBGFJza4Q95BEWJvssiaEuZPnSb2Qd4t556aYq5xP48iAfXAIjoELTkEFXIEqqAEMHsATeAGv1qP1bL1Z75PWBWs6swf+wPr4BgISmfA=</latexit>



Reheating after last scan
• No EWSB before the last nucleation:

• EWSB after the last nucleation:
q = qc � e, v 6= 0,

<latexit sha1_base64="yGiekiITkOXoHRKNq/iuFcUzmuA=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEIHmpJRFAPSsGLxwrGFppSNttpu3SzSXY3hVJ78K948aDi1d/hzX/jts1BWx8MPN6bYWZeEHOmtON8WwuLS8srq7m1/PrG5ta2vbP7oKJUUvBoxCNZC4gCzgR4mmkOtVgCCQMO1aB3M/arfZCKReJeD2JohKQjWJtRoo3UtPeTq6RJT6DoJylp4b4vIMFOsWkXnJIzAZ4nbkYKKEOlaX/5rYimIQhNOVGq7jqxbgyJ1IxyGOX9VEFMaI90oG6oICGoxnBy/wgfGaWF25E0JTSeqL8nhiRUahAGpjMkuqtmvbH4n1dPdfuiMWQiTjUIOl3UTjnWER6HgVtMAtV8YAihkplbMe0SSag2keVNCO7sy/PEOy1dlty7s0L5Oksjhw7QITpGLjpHZXSLKshDFD2iZ/SK3qwn68V6tz6mrQtWNrOH/sD6/AGKi5Sv</latexit><latexit sha1_base64="yGiekiITkOXoHRKNq/iuFcUzmuA=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEIHmpJRFAPSsGLxwrGFppSNttpu3SzSXY3hVJ78K948aDi1d/hzX/jts1BWx8MPN6bYWZeEHOmtON8WwuLS8srq7m1/PrG5ta2vbP7oKJUUvBoxCNZC4gCzgR4mmkOtVgCCQMO1aB3M/arfZCKReJeD2JohKQjWJtRoo3UtPeTq6RJT6DoJylp4b4vIMFOsWkXnJIzAZ4nbkYKKEOlaX/5rYimIQhNOVGq7jqxbgyJ1IxyGOX9VEFMaI90oG6oICGoxnBy/wgfGaWF25E0JTSeqL8nhiRUahAGpjMkuqtmvbH4n1dPdfuiMWQiTjUIOl3UTjnWER6HgVtMAtV8YAihkplbMe0SSag2keVNCO7sy/PEOy1dlty7s0L5Oksjhw7QITpGLjpHZXSLKshDFD2iZ/SK3qwn68V6tz6mrQtWNrOH/sD6/AGKi5Sv</latexit><latexit sha1_base64="yGiekiITkOXoHRKNq/iuFcUzmuA=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEIHmpJRFAPSsGLxwrGFppSNttpu3SzSXY3hVJ78K948aDi1d/hzX/jts1BWx8MPN6bYWZeEHOmtON8WwuLS8srq7m1/PrG5ta2vbP7oKJUUvBoxCNZC4gCzgR4mmkOtVgCCQMO1aB3M/arfZCKReJeD2JohKQjWJtRoo3UtPeTq6RJT6DoJylp4b4vIMFOsWkXnJIzAZ4nbkYKKEOlaX/5rYimIQhNOVGq7jqxbgyJ1IxyGOX9VEFMaI90oG6oICGoxnBy/wgfGaWF25E0JTSeqL8nhiRUahAGpjMkuqtmvbH4n1dPdfuiMWQiTjUIOl3UTjnWER6HgVtMAtV8YAihkplbMe0SSag2keVNCO7sy/PEOy1dlty7s0L5Oksjhw7QITpGLjpHZXSLKshDFD2iZ/SK3qwn68V6tz6mrQtWNrOH/sD6/AGKi5Sv</latexit><latexit sha1_base64="yGiekiITkOXoHRKNq/iuFcUzmuA=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEIHmpJRFAPSsGLxwrGFppSNttpu3SzSXY3hVJ78K948aDi1d/hzX/jts1BWx8MPN6bYWZeEHOmtON8WwuLS8srq7m1/PrG5ta2vbP7oKJUUvBoxCNZC4gCzgR4mmkOtVgCCQMO1aB3M/arfZCKReJeD2JohKQjWJtRoo3UtPeTq6RJT6DoJylp4b4vIMFOsWkXnJIzAZ4nbkYKKEOlaX/5rYimIQhNOVGq7jqxbgyJ1IxyGOX9VEFMaI90oG6oICGoxnBy/wgfGaWF25E0JTSeqL8nhiRUahAGpjMkuqtmvbH4n1dPdfuiMWQiTjUIOl3UTjnWER6HgVtMAtV8YAihkplbMe0SSag2keVNCO7sy/PEOy1dlty7s0L5Oksjhw7QITpGLjpHZXSLKshDFD2iZ/SK3qwn68V6tz6mrQtWNrOH/sD6/AGKi5Sv</latexit>

Initial potential energy:

e�
p

2
3 �̄m(qc�e) ⇡ 1

1 + c1qc
,

<latexit sha1_base64="nJSQ+RMNpe1zxUJYOVpP1Eys9nE="></latexit><latexit sha1_base64="nJSQ+RMNpe1zxUJYOVpP1Eys9nE="></latexit><latexit sha1_base64="nJSQ+RMNpe1zxUJYOVpP1Eys9nE="></latexit><latexit sha1_base64="nJSQ+RMNpe1zxUJYOVpP1Eys9nE="></latexit>

V0(qc � e) ⇡ 0.
<latexit sha1_base64="Ing2dNCn+5N2ywT4VlgqVGMG/pE=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCXRgSEdSNFNy4rGDaQhvCZDpph05m4sxErKH4K25cqLj1Q9z5N04fC209cOFwzr3ce0+UMqq0635bhYXFpeWV4mppbX1jc8ve3qkrkUlMfCyYkM0IKcIoJ76mmpFmKglKIkYaUf9q5DfuiVRU8Fs9SEmQoC6nMcVIGym09+qhW7kL8TE5aqM0leIBuk5ol13HHQPOE29KymCKWmh/tTsCZwnhGjOkVMtzUx3kSGqKGRmW2pkiKcJ91CUtQzlKiAry8fVDeGiUDoyFNMU1HKu/J3KUKDVIItOZIN1Ts95I/M9rZTo+D3LK00wTjieL4oxBLeAoCtihkmDNBoYgLKm5FeIekghrE1jJhODNvjxP/BPnwvFuTsvVy2kaRbAPDkAFeOAMVME1qAEfYPAInsEreLOerBfr3fqYtBas6cwu+APr8wfMS5Oy</latexit><latexit sha1_base64="Ing2dNCn+5N2ywT4VlgqVGMG/pE=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCXRgSEdSNFNy4rGDaQhvCZDpph05m4sxErKH4K25cqLj1Q9z5N04fC209cOFwzr3ce0+UMqq0635bhYXFpeWV4mppbX1jc8ve3qkrkUlMfCyYkM0IKcIoJ76mmpFmKglKIkYaUf9q5DfuiVRU8Fs9SEmQoC6nMcVIGym09+qhW7kL8TE5aqM0leIBuk5ol13HHQPOE29KymCKWmh/tTsCZwnhGjOkVMtzUx3kSGqKGRmW2pkiKcJ91CUtQzlKiAry8fVDeGiUDoyFNMU1HKu/J3KUKDVIItOZIN1Ts95I/M9rZTo+D3LK00wTjieL4oxBLeAoCtihkmDNBoYgLKm5FeIekghrE1jJhODNvjxP/BPnwvFuTsvVy2kaRbAPDkAFeOAMVME1qAEfYPAInsEreLOerBfr3fqYtBas6cwu+APr8wfMS5Oy</latexit><latexit sha1_base64="Ing2dNCn+5N2ywT4VlgqVGMG/pE=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCXRgSEdSNFNy4rGDaQhvCZDpph05m4sxErKH4K25cqLj1Q9z5N04fC209cOFwzr3ce0+UMqq0635bhYXFpeWV4mppbX1jc8ve3qkrkUlMfCyYkM0IKcIoJ76mmpFmKglKIkYaUf9q5DfuiVRU8Fs9SEmQoC6nMcVIGym09+qhW7kL8TE5aqM0leIBuk5ol13HHQPOE29KymCKWmh/tTsCZwnhGjOkVMtzUx3kSGqKGRmW2pkiKcJ91CUtQzlKiAry8fVDeGiUDoyFNMU1HKu/J3KUKDVIItOZIN1Ts95I/M9rZTo+D3LK00wTjieL4oxBLeAoCtihkmDNBoYgLKm5FeIekghrE1jJhODNvjxP/BPnwvFuTsvVy2kaRbAPDkAFeOAMVME1qAEfYPAInsEreLOerBfr3fqYtBas6cwu+APr8wfMS5Oy</latexit><latexit sha1_base64="Ing2dNCn+5N2ywT4VlgqVGMG/pE=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCXRgSEdSNFNy4rGDaQhvCZDpph05m4sxErKH4K25cqLj1Q9z5N04fC209cOFwzr3ce0+UMqq0635bhYXFpeWV4mppbX1jc8ve3qkrkUlMfCyYkM0IKcIoJ76mmpFmKglKIkYaUf9q5DfuiVRU8Fs9SEmQoC6nMcVIGym09+qhW7kL8TE5aqM0leIBuk5ol13HHQPOE29KymCKWmh/tTsCZwnhGjOkVMtzUx3kSGqKGRmW2pkiKcJ91CUtQzlKiAry8fVDeGiUDoyFNMU1HKu/J3KUKDVIItOZIN1Ts95I/M9rZTo+D3LK00wTjieL4oxBLeAoCtihkmDNBoYgLKm5FeIekghrE1jJhODNvjxP/BPnwvFuTsvVy2kaRbAPDkAFeOAMVME1qAEfYPAInsEreLOerBfr3fqYtBas6cwu+APr8wfMS5Oy</latexit>

Maximum reheating temperature:

. eqc ⇠ (TeVMP )
2

<latexit sha1_base64="ZZYcq/hT51yDGvtCkSrx4CzX95o=">AAAAAHicbZDLSgMxFIYz9VbrbdSlm2AVKkiZKaKupODGjVChN+jUIZOetsFkZkwyQhn6Am58FTcuFHHr3p1vY3pZaOsPgY//nMPJ+YOYM6Ud59vKLCwuLa9kV3Nr6xubW/b2Tl1FiaRQoxGPZDMgCjgLoaaZ5tCMJRARcGgEd5ejeuMBpGJRWNWDGNqC9ELWZZRoY/n2gcdBKcUEhnufeiMopJ4UuAr1oXd87VeObku+nXeKzmnp1D3HBsbC7izk0VQV3/7yOhFNBISacqJUy3Vi3U6J1IxyGOa8REFM6B3pQctgSASodjq+ZogPjdPB3UiaF2o8dn9PpEQoNRCB6RRE99VsbWT+V2slunveTlkYJxpCOlnUTTjWER5FgztMAtV8YIBQycxfMe0TSag2AeZMCHMnz0O9VHRPis7NSb58MY0ji/bQPiogF52hMrpCFVRDFD2iZ/SK3qwn68V6tz4mrRlrOrOL/sj6/AHtLZrK</latexit>



Successful reheating
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eqc = (1TeV MP)2

Tmax
<latexit sha1_base64="mr0jr8r8m8MX5INslfExx6rGbfg=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgKexGJfEiAS8eIyQmsFnC7GQ2GTKPZaZXDEs+w4sHFa/+jTf/xs1DiKIFDUVVN91dYSy4Bdf9dHIrq2vrG/nNwtb2zu5ecf/gzurEUNaiWmjTCYllgivWAg6CdWLDiAwFa4ej66nfvmfGcq2aMI5ZIMlA8YhTApnkN3tp10gsycOkVyx5ZXcG7C6Rs8pFtYa/rRJaoNErfnT7miaSKaCCWOt7bgxBSgxwKtik0E0siwkdkQHzM6qIZDZIZydP8Emm9HGkTVYK8ExdnkiJtHYsw6xTEhja395U/MvzE4hqQcpVnABTdL4oSgQGjaf/4z43jIIYZ4RQw7NbMR0SQyhkKRWWQ/iftCrly7J3e16qXy3SyKMjdIxOkYeqqI5uUAO1EEUaPaJn9OKA8+S8Om/z1pyzmDlEP+C8fwHH6ZEe</latexit><latexit sha1_base64="mr0jr8r8m8MX5INslfExx6rGbfg=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgKexGJfEiAS8eIyQmsFnC7GQ2GTKPZaZXDEs+w4sHFa/+jTf/xs1DiKIFDUVVN91dYSy4Bdf9dHIrq2vrG/nNwtb2zu5ecf/gzurEUNaiWmjTCYllgivWAg6CdWLDiAwFa4ej66nfvmfGcq2aMI5ZIMlA8YhTApnkN3tp10gsycOkVyx5ZXcG7C6Rs8pFtYa/rRJaoNErfnT7miaSKaCCWOt7bgxBSgxwKtik0E0siwkdkQHzM6qIZDZIZydP8Emm9HGkTVYK8ExdnkiJtHYsw6xTEhja395U/MvzE4hqQcpVnABTdL4oSgQGjaf/4z43jIIYZ4RQw7NbMR0SQyhkKRWWQ/iftCrly7J3e16qXy3SyKMjdIxOkYeqqI5uUAO1EEUaPaJn9OKA8+S8Om/z1pyzmDlEP+C8fwHH6ZEe</latexit><latexit sha1_base64="mr0jr8r8m8MX5INslfExx6rGbfg=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgKexGJfEiAS8eIyQmsFnC7GQ2GTKPZaZXDEs+w4sHFa/+jTf/xs1DiKIFDUVVN91dYSy4Bdf9dHIrq2vrG/nNwtb2zu5ecf/gzurEUNaiWmjTCYllgivWAg6CdWLDiAwFa4ej66nfvmfGcq2aMI5ZIMlA8YhTApnkN3tp10gsycOkVyx5ZXcG7C6Rs8pFtYa/rRJaoNErfnT7miaSKaCCWOt7bgxBSgxwKtik0E0siwkdkQHzM6qIZDZIZydP8Emm9HGkTVYK8ExdnkiJtHYsw6xTEhja395U/MvzE4hqQcpVnABTdL4oSgQGjaf/4z43jIIYZ4RQw7NbMR0SQyhkKRWWQ/iftCrly7J3e16qXy3SyKMjdIxOkYeqqI5uUAO1EEUaPaJn9OKA8+S8Om/z1pyzmDlEP+C8fwHH6ZEe</latexit><latexit sha1_base64="mr0jr8r8m8MX5INslfExx6rGbfg=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgKexGJfEiAS8eIyQmsFnC7GQ2GTKPZaZXDEs+w4sHFa/+jTf/xs1DiKIFDUVVN91dYSy4Bdf9dHIrq2vrG/nNwtb2zu5ecf/gzurEUNaiWmjTCYllgivWAg6CdWLDiAwFa4ej66nfvmfGcq2aMI5ZIMlA8YhTApnkN3tp10gsycOkVyx5ZXcG7C6Rs8pFtYa/rRJaoNErfnT7miaSKaCCWOt7bgxBSgxwKtik0E0siwkdkQHzM6qIZDZIZydP8Emm9HGkTVYK8ExdnkiJtHYsw6xTEhja395U/MvzE4hqQcpVnABTdL4oSgQGjaf/4z43jIIYZ4RQw7NbMR0SQyhkKRWWQ/iftCrly7J3e16qXy3SyKMjdIxOkYeqqI5uUAO1EEUaPaJn9OKA8+S8Om/z1pyzmDlEP+C8fwHH6ZEe</latexit>

TRH
<latexit sha1_base64="pc7tvEoEufLzgShVOYvLvTS1+Hs=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSJ4Kkmt2l6k4KXHKo0ttqFstpt26WYTdjdCCf0XXjyoePXnePPfuG0jqOiDgcd7M8zM82POlLbtD2tpeWV1bT23kd/c2t7ZLezt36ookYS6JOKR7PhYUc4EdTXTnHZiSXHoc9r2x1czv31PpWKRaOlJTL0QDwULGMHaSHetftqTIbppTPuFol2yz+1apYYMmcOQ2ln1tFxGTqYUIUOzX3jvDSKShFRowrFSXceOtZdiqRnhdJrvJYrGmIzxkHYNFTikykvnF0/RsVEGKIikKaHRXP0+keJQqUnom84Q65H67c3Ev7xuooOqlzIRJ5oKslgUJBzpCM3eRwMmKdF8YggmkplbERlhiYk2IeVNCF+fov+JWy7VSs51pVi/zNLIwSEcwQk4cAF1aEATXCAg4AGe4NlS1qP1Yr0uWpesbOYAfsB6+wTIaJCH</latexit><latexit sha1_base64="pc7tvEoEufLzgShVOYvLvTS1+Hs=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSJ4Kkmt2l6k4KXHKo0ttqFstpt26WYTdjdCCf0XXjyoePXnePPfuG0jqOiDgcd7M8zM82POlLbtD2tpeWV1bT23kd/c2t7ZLezt36ookYS6JOKR7PhYUc4EdTXTnHZiSXHoc9r2x1czv31PpWKRaOlJTL0QDwULGMHaSHetftqTIbppTPuFol2yz+1apYYMmcOQ2ln1tFxGTqYUIUOzX3jvDSKShFRowrFSXceOtZdiqRnhdJrvJYrGmIzxkHYNFTikykvnF0/RsVEGKIikKaHRXP0+keJQqUnom84Q65H67c3Ev7xuooOqlzIRJ5oKslgUJBzpCM3eRwMmKdF8YggmkplbERlhiYk2IeVNCF+fov+JWy7VSs51pVi/zNLIwSEcwQk4cAF1aEATXCAg4AGe4NlS1qP1Yr0uWpesbOYAfsB6+wTIaJCH</latexit><latexit sha1_base64="pc7tvEoEufLzgShVOYvLvTS1+Hs=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSJ4Kkmt2l6k4KXHKo0ttqFstpt26WYTdjdCCf0XXjyoePXnePPfuG0jqOiDgcd7M8zM82POlLbtD2tpeWV1bT23kd/c2t7ZLezt36ookYS6JOKR7PhYUc4EdTXTnHZiSXHoc9r2x1czv31PpWKRaOlJTL0QDwULGMHaSHetftqTIbppTPuFol2yz+1apYYMmcOQ2ln1tFxGTqYUIUOzX3jvDSKShFRowrFSXceOtZdiqRnhdJrvJYrGmIzxkHYNFTikykvnF0/RsVEGKIikKaHRXP0+keJQqUnom84Q65H67c3Ev7xuooOqlzIRJ5oKslgUJBzpCM3eRwMmKdF8YggmkplbERlhiYk2IeVNCF+fov+JWy7VSs51pVi/zNLIwSEcwQk4cAF1aEATXCAg4AGe4NlS1qP1Yr0uWpesbOYAfsB6+wTIaJCH</latexit><latexit sha1_base64="pc7tvEoEufLzgShVOYvLvTS1+Hs=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSJ4Kkmt2l6k4KXHKo0ttqFstpt26WYTdjdCCf0XXjyoePXnePPfuG0jqOiDgcd7M8zM82POlLbtD2tpeWV1bT23kd/c2t7ZLezt36ookYS6JOKR7PhYUc4EdTXTnHZiSXHoc9r2x1czv31PpWKRaOlJTL0QDwULGMHaSHetftqTIbppTPuFol2yz+1apYYMmcOQ2ln1tFxGTqYUIUOzX3jvDSKShFRowrFSXceOtZdiqRnhdJrvJYrGmIzxkHYNFTikykvnF0/RsVEGKIikKaHRXP0+keJQqUnom84Q65H67c3Ev7xuooOqlzIRJ5oKslgUJBzpCM3eRwMmKdF8YggmkplbERlhiYk2IeVNCF+fov+JWy7VSs51pVi/zNLIwSEcwQk4cAF1aEATXCAg4AGe4NlS1qP1Yr0uWpesbOYAfsB6+wTIaJCH</latexit>

Slow-roll inflation: m� ⌧ HI = 8⇥ 1013 GeV(r/0.1)1/2
<latexit sha1_base64="XhlOLnS9yqVEgQzwdZLDCaf3svQ="></latexit><latexit sha1_base64="XhlOLnS9yqVEgQzwdZLDCaf3svQ="></latexit><latexit sha1_base64="XhlOLnS9yqVEgQzwdZLDCaf3svQ="></latexit><latexit sha1_base64="XhlOLnS9yqVEgQzwdZLDCaf3svQ="></latexit>

TRH = Tmax
<latexit sha1_base64="rBbylFyOLRM1jrPWsz9fpZy0sB0=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcgqfRiqAelIGXHaesbrCVkmbpFpakJUnFUXvwq3jxoOLVz+HNb2O29aCbDwR+PO/78r55woRRpR3n21pYXFpeWS2tldc3Nre27Z3dOxWnEhMPxyyW7RApwqggnqaakXYiCeIhI61weD2ut+6JVDQWTT1KiM9RX9CIYqSNFdj7zSDrSg5v6/llgRw95IFdcarORHAe3AIqoFAjsL+6vRinnAiNGVKq4zqJ9jMkNcWM5OVuqkiC8BD1ScegQJwoP5vcn8Mj4/RgFEvzhIYT9/dEhrhSIx6aTo70QM3WxuZ/tU6qo3M/oyJJNRF4uihKGdQxHIcBe1QSrNnIAMKSmlshHiCJsDaRlU0I7uyX58E7qV5U3ZvTSu2qSKMEDsAhOAYuOAM1UAcN4AEMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+AMkklYA=</latexit><latexit sha1_base64="rBbylFyOLRM1jrPWsz9fpZy0sB0=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcgqfRiqAelIGXHaesbrCVkmbpFpakJUnFUXvwq3jxoOLVz+HNb2O29aCbDwR+PO/78r55woRRpR3n21pYXFpeWS2tldc3Nre27Z3dOxWnEhMPxyyW7RApwqggnqaakXYiCeIhI61weD2ut+6JVDQWTT1KiM9RX9CIYqSNFdj7zSDrSg5v6/llgRw95IFdcarORHAe3AIqoFAjsL+6vRinnAiNGVKq4zqJ9jMkNcWM5OVuqkiC8BD1ScegQJwoP5vcn8Mj4/RgFEvzhIYT9/dEhrhSIx6aTo70QM3WxuZ/tU6qo3M/oyJJNRF4uihKGdQxHIcBe1QSrNnIAMKSmlshHiCJsDaRlU0I7uyX58E7qV5U3ZvTSu2qSKMEDsAhOAYuOAM1UAcN4AEMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+AMkklYA=</latexit><latexit sha1_base64="rBbylFyOLRM1jrPWsz9fpZy0sB0=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcgqfRiqAelIGXHaesbrCVkmbpFpakJUnFUXvwq3jxoOLVz+HNb2O29aCbDwR+PO/78r55woRRpR3n21pYXFpeWS2tldc3Nre27Z3dOxWnEhMPxyyW7RApwqggnqaakXYiCeIhI61weD2ut+6JVDQWTT1KiM9RX9CIYqSNFdj7zSDrSg5v6/llgRw95IFdcarORHAe3AIqoFAjsL+6vRinnAiNGVKq4zqJ9jMkNcWM5OVuqkiC8BD1ScegQJwoP5vcn8Mj4/RgFEvzhIYT9/dEhrhSIx6aTo70QM3WxuZ/tU6qo3M/oyJJNRF4uihKGdQxHIcBe1QSrNnIAMKSmlshHiCJsDaRlU0I7uyX58E7qV5U3ZvTSu2qSKMEDsAhOAYuOAM1UAcN4AEMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+AMkklYA=</latexit><latexit sha1_base64="rBbylFyOLRM1jrPWsz9fpZy0sB0=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcgqfRiqAelIGXHaesbrCVkmbpFpakJUnFUXvwq3jxoOLVz+HNb2O29aCbDwR+PO/78r55woRRpR3n21pYXFpeWS2tldc3Nre27Z3dOxWnEhMPxyyW7RApwqggnqaakXYiCeIhI61weD2ut+6JVDQWTT1KiM9RX9CIYqSNFdj7zSDrSg5v6/llgRw95IFdcarORHAe3AIqoFAjsL+6vRinnAiNGVKq4zqJ9jMkNcWM5OVuqkiC8BD1ScegQJwoP5vcn8Mj4/RgFEvzhIYT9/dEhrhSIx6aTo70QM3WxuZ/tU6qo3M/oyJJNRF4uihKGdQxHIcBe1QSrNnIAMKSmlshHiCJsDaRlU0I7uyX58E7qV5U3ZvTSu2qSKMEDsAhOAYuOAM1UAcN4AEMHsEzeAVv1pP1Yr1bH9PWBauY2QN/ZH3+AMkklYA=</latexit>

m� > 380TeV
<latexit sha1_base64="O9VQ0HPfOA8F+AUIHGv3DvcvLXo=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlUcF6KQUvHis0baEJYbPdtEt3N2F3I5TQi3/FiwcVr/4Nb/4bt20O2vpg4PHeDDPzopRRpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoyiYmHE5bIboQUYVQQT1PNSDeVBPGIkU40upv6nUciFU1ES49TEnA0EDSmGGkjhfYxD31FBxzVr2qOf5H7ksMWaU9Cu+JUnRngMnELUgEFmqH95fcTnHEiNGZIqZ7rpDrIkdQUMzIp+5kiKcIjNCA9QwXiRAX57IEJPDNKH8aJNCU0nKm/J3LElRrzyHRypIdq0ZuK/3m9TMe1IKcizTQReL4ozhjUCZymAftUEqzZ2BCEJTW3QjxEEmFtMiubENzFl5eJd1m9rboP15VGvUijBE7AKTgHLrgBDXAPmsADGEzAM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gCv5JVd</latexit><latexit sha1_base64="O9VQ0HPfOA8F+AUIHGv3DvcvLXo=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlUcF6KQUvHis0baEJYbPdtEt3N2F3I5TQi3/FiwcVr/4Nb/4bt20O2vpg4PHeDDPzopRRpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoyiYmHE5bIboQUYVQQT1PNSDeVBPGIkU40upv6nUciFU1ES49TEnA0EDSmGGkjhfYxD31FBxzVr2qOf5H7ksMWaU9Cu+JUnRngMnELUgEFmqH95fcTnHEiNGZIqZ7rpDrIkdQUMzIp+5kiKcIjNCA9QwXiRAX57IEJPDNKH8aJNCU0nKm/J3LElRrzyHRypIdq0ZuK/3m9TMe1IKcizTQReL4ozhjUCZymAftUEqzZ2BCEJTW3QjxEEmFtMiubENzFl5eJd1m9rboP15VGvUijBE7AKTgHLrgBDXAPmsADGEzAM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gCv5JVd</latexit><latexit sha1_base64="O9VQ0HPfOA8F+AUIHGv3DvcvLXo=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlUcF6KQUvHis0baEJYbPdtEt3N2F3I5TQi3/FiwcVr/4Nb/4bt20O2vpg4PHeDDPzopRRpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoyiYmHE5bIboQUYVQQT1PNSDeVBPGIkU40upv6nUciFU1ES49TEnA0EDSmGGkjhfYxD31FBxzVr2qOf5H7ksMWaU9Cu+JUnRngMnELUgEFmqH95fcTnHEiNGZIqZ7rpDrIkdQUMzIp+5kiKcIjNCA9QwXiRAX57IEJPDNKH8aJNCU0nKm/J3LElRrzyHRypIdq0ZuK/3m9TMe1IKcizTQReL4ozhjUCZymAftUEqzZ2BCEJTW3QjxEEmFtMiubENzFl5eJd1m9rboP15VGvUijBE7AKTgHLrgBDXAPmsADGEzAM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gCv5JVd</latexit><latexit sha1_base64="O9VQ0HPfOA8F+AUIHGv3DvcvLXo=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlUcF6KQUvHis0baEJYbPdtEt3N2F3I5TQi3/FiwcVr/4Nb/4bt20O2vpg4PHeDDPzopRRpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoyiYmHE5bIboQUYVQQT1PNSDeVBPGIkU40upv6nUciFU1ES49TEnA0EDSmGGkjhfYxD31FBxzVr2qOf5H7ksMWaU9Cu+JUnRngMnELUgEFmqH95fcTnHEiNGZIqZ7rpDrIkdQUMzIp+5kiKcIjNCA9QwXiRAX57IEJPDNKH8aJNCU0nKm/J3LElRrzyHRypIdq0ZuK/3m9TMe1IKcizTQReL4ozhjUCZymAftUEqzZ2BCEJTW3QjxEEmFtMiubENzFl5eJd1m9rboP15VGvUijBE7AKTgHLrgBDXAPmsADGEzAM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gCv5JVd</latexit>

(or )
Successful BBN:

TRH > 10MeV,

<latexit sha1_base64="JoPa8K0699o/wnZXJQScATxaSrw=">AAAAAHicbVDLSsNAFJ3UV62vqCtxM1gEF6UkUtBVKbjpRqjSFzQhTKaTduhkEmYmQgnBjb/ixoUibv0Kd/6N0zYLbT1w4cw59zL3Hj9mVCrL+jYKa+sbm1vF7dLO7t7+gXl41JVRIjDp4IhFou8jSRjlpKOoYqQfC4JCn5GeP7mZ+b0HIiSNeFtNY+KGaMRpQDFSWvLMk7aXOiKE982sbltOZf64Jd2s4pllq2rNAVeJnZMyyNHyzC9nGOEkJFxhhqQc2Fas3BQJRTEjWclJJIkRnqARGWjKUUikm85PyOC5VoYwiIQuruBc/T2RolDKaejrzhCpsVz2ZuJ/3iBRwbWbUh4ninC8+ChIGFQRnOUBh1QQrNhUE4QF1btCPEYCYaVTK+kQ7OWTV0n3smrXqtZdrdyo53EUwSk4AxfABlegAZqgBToAg0fwDF7Bm/FkvBjvxseitWDkM8fgD4zPHx2wlfI=</latexit>

Inflaton decay rate:

Perturbative reheating:



Flux coupling to pseudo-scalar
• Consider a pseudo-scalar with approximate shift 

symmetry.
�µ

6
@µ

⇣
✏µ⌫⇢��A⌫⇢�

⌘
.

<latexit sha1_base64="+Mt4LZzZ2zqaBYn5bH26MdESzQQ="></latexit><latexit sha1_base64="+Mt4LZzZ2zqaBYn5bH26MdESzQQ="></latexit><latexit sha1_base64="+Mt4LZzZ2zqaBYn5bH26MdESzQQ="></latexit><latexit sha1_base64="+Mt4LZzZ2zqaBYn5bH26MdESzQQ="></latexit>

Four-form coupling

“Flux-dependent”  VEVs:

“Flux-dependent”  masses & mixing:

LII = M
2|H|2 � �H |H|4 � 1

2
m

2
�
�
2 � 1

2
(µ�+ c2|H|2 + q)2.

<latexit sha1_base64="Jykzk4niIjLFyblMv9qdVgKlsxE="></latexit><latexit sha1_base64="Jykzk4niIjLFyblMv9qdVgKlsxE="></latexit><latexit sha1_base64="Jykzk4niIjLFyblMv9qdVgKlsxE="></latexit><latexit sha1_base64="Jykzk4niIjLFyblMv9qdVgKlsxE="></latexit>

,
<latexit sha1_base64="mbn5Zw/UqD0oyvJgvjqc7gK/B+U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPUiBS8eWzC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDv1m0+oNI/lvRknGER0IHmfM2qs1Djrlitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0r4KMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+8el31GheV2k2eRhGO4BhOwYNLqMEd1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8/4HiMgA==</latexit><latexit sha1_base64="mbn5Zw/UqD0oyvJgvjqc7gK/B+U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPUiBS8eWzC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDv1m0+oNI/lvRknGER0IHmfM2qs1Djrlitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0r4KMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+8el31GheV2k2eRhGO4BhOwYNLqMEd1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8/4HiMgA==</latexit><latexit sha1_base64="mbn5Zw/UqD0oyvJgvjqc7gK/B+U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPUiBS8eWzC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDv1m0+oNI/lvRknGER0IHmfM2qs1Djrlitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0r4KMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+8el31GheV2k2eRhGO4BhOwYNLqMEd1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8/4HiMgA==</latexit><latexit sha1_base64="mbn5Zw/UqD0oyvJgvjqc7gK/B+U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPUiBS8eWzC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDv1m0+oNI/lvRknGER0IHmfM2qs1Djrlitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0r4KMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+8el31GheV2k2eRhGO4BhOwYNLqMEd1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8/4HiMgA==</latexit>

m2
h
= 2�H,e↵v

2
H
(q).

<latexit sha1_base64="MQ9O0R7n+1GASlIJxq+8ID/cAow=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDJTBHWhFNx0WcGxhU4dMmmmDU0yY5IplGE+wY2/4saFilu37vwb08dCqwcCh3Pu4eaeIGZUadv+snILi0vLK/nVwtr6xuZWcXvnVkWJxMTFEYtkK0CKMCqIq6lmpBVLgnjASDMYXI395pBIRSNxo0cx6XDUEzSkGGkj+cVDflf1+xew6jET6iI/rR+nnuSQhGGWwaFx6+X7o4pfLNkVewL4lzgzUgIzNPzip9eNcMKJ0JghpdqOHetOiqSmmJGs4CWKxAgPUI+0DRWIE9VJJwdl8MAoXRhG0jyh4UT9mUgRV2rEAzPJke6reW8s/ue1Ex2edVIq4kQTgaeLwoRBHcFxO7BLJcGajQxBWFLzV4j7SCKsTYcFU4Izf/Jf4lYr5xXn+qRUu5y1kQd7YB+UgQNOQQ3UQQO4AIMH8ARewKv1aD1bb9b7dDRnzTK74Besj29pFZsd</latexit><latexit sha1_base64="MQ9O0R7n+1GASlIJxq+8ID/cAow=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDJTBHWhFNx0WcGxhU4dMmmmDU0yY5IplGE+wY2/4saFilu37vwb08dCqwcCh3Pu4eaeIGZUadv+snILi0vLK/nVwtr6xuZWcXvnVkWJxMTFEYtkK0CKMCqIq6lmpBVLgnjASDMYXI395pBIRSNxo0cx6XDUEzSkGGkj+cVDflf1+xew6jET6iI/rR+nnuSQhGGWwaFx6+X7o4pfLNkVewL4lzgzUgIzNPzip9eNcMKJ0JghpdqOHetOiqSmmJGs4CWKxAgPUI+0DRWIE9VJJwdl8MAoXRhG0jyh4UT9mUgRV2rEAzPJke6reW8s/ue1Ex2edVIq4kQTgaeLwoRBHcFxO7BLJcGajQxBWFLzV4j7SCKsTYcFU4Izf/Jf4lYr5xXn+qRUu5y1kQd7YB+UgQNOQQ3UQQO4AIMH8ARewKv1aD1bb9b7dDRnzTK74Besj29pFZsd</latexit><latexit sha1_base64="MQ9O0R7n+1GASlIJxq+8ID/cAow=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDJTBHWhFNx0WcGxhU4dMmmmDU0yY5IplGE+wY2/4saFilu37vwb08dCqwcCh3Pu4eaeIGZUadv+snILi0vLK/nVwtr6xuZWcXvnVkWJxMTFEYtkK0CKMCqIq6lmpBVLgnjASDMYXI395pBIRSNxo0cx6XDUEzSkGGkj+cVDflf1+xew6jET6iI/rR+nnuSQhGGWwaFx6+X7o4pfLNkVewL4lzgzUgIzNPzip9eNcMKJ0JghpdqOHetOiqSmmJGs4CWKxAgPUI+0DRWIE9VJJwdl8MAoXRhG0jyh4UT9mUgRV2rEAzPJke6reW8s/ue1Ex2edVIq4kQTgaeLwoRBHcFxO7BLJcGajQxBWFLzV4j7SCKsTYcFU4Izf/Jf4lYr5xXn+qRUu5y1kQd7YB+UgQNOQQ3UQQO4AIMH8ARewKv1aD1bb9b7dDRnzTK74Besj29pFZsd</latexit><latexit sha1_base64="MQ9O0R7n+1GASlIJxq+8ID/cAow=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDJTBHWhFNx0WcGxhU4dMmmmDU0yY5IplGE+wY2/4saFilu37vwb08dCqwcCh3Pu4eaeIGZUadv+snILi0vLK/nVwtr6xuZWcXvnVkWJxMTFEYtkK0CKMCqIq6lmpBVLgnjASDMYXI395pBIRSNxo0cx6XDUEzSkGGkj+cVDflf1+xew6jET6iI/rR+nnuSQhGGWwaFx6+X7o4pfLNkVewL4lzgzUgIzNPzip9eNcMKJ0JghpdqOHetOiqSmmJGs4CWKxAgPUI+0DRWIE9VJJwdl8MAoXRhG0jyh4UT9mUgRV2rEAzPJke6reW8s/ue1Ex2edVIq4kQTgaeLwoRBHcFxO7BLJcGajQxBWFLzV4j7SCKsTYcFU4Izf/Jf4lYr5xXn+qRUu5y1kQd7YB+UgQNOQQ3UQQO4AIMH8ARewKv1aD1bb9b7dDRnzTK74Besj29pFZsd</latexit>

[HML, 2019]



Reheat with pseudo-scalar
• No EWSB before the last nucleation:

• EWSB just after the last nucleation:

Initial potential energy:

V0(qc � e) ⇡ 0.
<latexit sha1_base64="Ing2dNCn+5N2ywT4VlgqVGMG/pE=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCXRgSEdSNFNy4rGDaQhvCZDpph05m4sxErKH4K25cqLj1Q9z5N04fC209cOFwzr3ce0+UMqq0635bhYXFpeWV4mppbX1jc8ve3qkrkUlMfCyYkM0IKcIoJ76mmpFmKglKIkYaUf9q5DfuiVRU8Fs9SEmQoC6nMcVIGym09+qhW7kL8TE5aqM0leIBuk5ol13HHQPOE29KymCKWmh/tTsCZwnhGjOkVMtzUx3kSGqKGRmW2pkiKcJ91CUtQzlKiAry8fVDeGiUDoyFNMU1HKu/J3KUKDVIItOZIN1Ts95I/M9rZTo+D3LK00wTjieL4oxBLeAoCtihkmDNBoYgLKm5FeIekghrE1jJhODNvjxP/BPnwvFuTsvVy2kaRbAPDkAFeOAMVME1qAEfYPAInsEreLOerBfr3fqYtBas6cwu+APr8wfMS5Oy</latexit><latexit sha1_base64="Ing2dNCn+5N2ywT4VlgqVGMG/pE=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCXRgSEdSNFNy4rGDaQhvCZDpph05m4sxErKH4K25cqLj1Q9z5N04fC209cOFwzr3ce0+UMqq0635bhYXFpeWV4mppbX1jc8ve3qkrkUlMfCyYkM0IKcIoJ76mmpFmKglKIkYaUf9q5DfuiVRU8Fs9SEmQoC6nMcVIGym09+qhW7kL8TE5aqM0leIBuk5ol13HHQPOE29KymCKWmh/tTsCZwnhGjOkVMtzUx3kSGqKGRmW2pkiKcJ91CUtQzlKiAry8fVDeGiUDoyFNMU1HKu/J3KUKDVIItOZIN1Ts95I/M9rZTo+D3LK00wTjieL4oxBLeAoCtihkmDNBoYgLKm5FeIekghrE1jJhODNvjxP/BPnwvFuTsvVy2kaRbAPDkAFeOAMVME1qAEfYPAInsEreLOerBfr3fqYtBas6cwu+APr8wfMS5Oy</latexit><latexit sha1_base64="Ing2dNCn+5N2ywT4VlgqVGMG/pE=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCXRgSEdSNFNy4rGDaQhvCZDpph05m4sxErKH4K25cqLj1Q9z5N04fC209cOFwzr3ce0+UMqq0635bhYXFpeWV4mppbX1jc8ve3qkrkUlMfCyYkM0IKcIoJ76mmpFmKglKIkYaUf9q5DfuiVRU8Fs9SEmQoC6nMcVIGym09+qhW7kL8TE5aqM0leIBuk5ol13HHQPOE29KymCKWmh/tTsCZwnhGjOkVMtzUx3kSGqKGRmW2pkiKcJ91CUtQzlKiAry8fVDeGiUDoyFNMU1HKu/J3KUKDVIItOZIN1Ts95I/M9rZTo+D3LK00wTjieL4oxBLeAoCtihkmDNBoYgLKm5FeIekghrE1jJhODNvjxP/BPnwvFuTsvVy2kaRbAPDkAFeOAMVME1qAEfYPAInsEreLOerBfr3fqYtBas6cwu+APr8wfMS5Oy</latexit><latexit sha1_base64="Ing2dNCn+5N2ywT4VlgqVGMG/pE=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCXRgSEdSNFNy4rGDaQhvCZDpph05m4sxErKH4K25cqLj1Q9z5N04fC209cOFwzr3ce0+UMqq0635bhYXFpeWV4mppbX1jc8ve3qkrkUlMfCyYkM0IKcIoJ76mmpFmKglKIkYaUf9q5DfuiVRU8Fs9SEmQoC6nMcVIGym09+qhW7kL8TE5aqM0leIBuk5ol13HHQPOE29KymCKWmh/tTsCZwnhGjOkVMtzUx3kSGqKGRmW2pkiKcJ91CUtQzlKiAry8fVDeGiUDoyFNMU1HKu/J3KUKDVIItOZIN1Ts95I/M9rZTo+D3LK00wTjieL4oxBLeAoCtihkmDNBoYgLKm5FeIekghrE1jJhODNvjxP/BPnwvFuTsvVy2kaRbAPDkAFeOAMVME1qAEfYPAInsEreLOerBfr3fqYtBas6cwu+APr8wfMS5Oy</latexit>
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<latexit sha1_base64="4OEuNZG0NBFw1GxUuIfl5BuA2d4="></latexit><latexit sha1_base64="4OEuNZG0NBFw1GxUuIfl5BuA2d4="></latexit><latexit sha1_base64="4OEuNZG0NBFw1GxUuIfl5BuA2d4="></latexit><latexit sha1_base64="4OEuNZG0NBFw1GxUuIfl5BuA2d4="></latexit>

vH = 0,
<latexit sha1_base64="Y0rl20GpzgZdWmEm/U0rB1hvDtc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEdSDUvDSYwW3LbRLyabZNjabLEm2UJb+By8eVLz6g7z5b0zbPWj1wcDjvRlm5oUJZ9q47pdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN3N/NaYKs2keDCThAYxHggWMYKNlZrjXv3GPeuVK27VnQP9JV5OKpCj0St/dvuSpDEVhnCsdcdzExNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+bVTdGKVPoqksiUMmqs/JzIcaz2JQ9sZYzPUy95M/M/rpCa6CjImktRQQRaLopQjI9HsddRnihLDJ5Zgopi9FZEhVpgYG1DJhuAtv/yX+OfV66p3f1Gp3eZpFOEIjuEUPLiEGtShAT4QeIQneIFXRzrPzpvzvmgtOPnMIfyC8/EN8hKOPA==</latexit><latexit sha1_base64="Y0rl20GpzgZdWmEm/U0rB1hvDtc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEdSDUvDSYwW3LbRLyabZNjabLEm2UJb+By8eVLz6g7z5b0zbPWj1wcDjvRlm5oUJZ9q47pdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN3N/NaYKs2keDCThAYxHggWMYKNlZrjXv3GPeuVK27VnQP9JV5OKpCj0St/dvuSpDEVhnCsdcdzExNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+bVTdGKVPoqksiUMmqs/JzIcaz2JQ9sZYzPUy95M/M/rpCa6CjImktRQQRaLopQjI9HsddRnihLDJ5Zgopi9FZEhVpgYG1DJhuAtv/yX+OfV66p3f1Gp3eZpFOEIjuEUPLiEGtShAT4QeIQneIFXRzrPzpvzvmgtOPnMIfyC8/EN8hKOPA==</latexit><latexit sha1_base64="Y0rl20GpzgZdWmEm/U0rB1hvDtc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEdSDUvDSYwW3LbRLyabZNjabLEm2UJb+By8eVLz6g7z5b0zbPWj1wcDjvRlm5oUJZ9q47pdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN3N/NaYKs2keDCThAYxHggWMYKNlZrjXv3GPeuVK27VnQP9JV5OKpCj0St/dvuSpDEVhnCsdcdzExNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+bVTdGKVPoqksiUMmqs/JzIcaz2JQ9sZYzPUy95M/M/rpCa6CjImktRQQRaLopQjI9HsddRnihLDJ5Zgopi9FZEhVpgYG1DJhuAtv/yX+OfV66p3f1Gp3eZpFOEIjuEUPLiEGtShAT4QeIQneIFXRzrPzpvzvmgtOPnMIfyC8/EN8hKOPA==</latexit><latexit sha1_base64="Y0rl20GpzgZdWmEm/U0rB1hvDtc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEdSDUvDSYwW3LbRLyabZNjabLEm2UJb+By8eVLz6g7z5b0zbPWj1wcDjvRlm5oUJZ9q47pdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN3N/NaYKs2keDCThAYxHggWMYKNlZrjXv3GPeuVK27VnQP9JV5OKpCj0St/dvuSpDEVhnCsdcdzExNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+bVTdGKVPoqksiUMmqs/JzIcaz2JQ9sZYzPUy95M/M/rpCa6CjImktRQQRaLopQjI9HsddRnihLDJ5Zgopi9FZEhVpgYG1DJhuAtv/yX+OfV66p3f1Gp3eZpFOEIjuEUPLiEGtShAT4QeIQneIFXRzrPzpvzvmgtOPnMIfyC8/EN8hKOPA==</latexit>
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<latexit sha1_base64="CUcQtMGSCaAZiW3AH9NpCmt/DBA="></latexit><latexit sha1_base64="CUcQtMGSCaAZiW3AH9NpCmt/DBA="></latexit><latexit sha1_base64="CUcQtMGSCaAZiW3AH9NpCmt/DBA="></latexit><latexit sha1_base64="CUcQtMGSCaAZiW3AH9NpCmt/DBA="></latexit>

“shifted singlet VEV”

EW scale: vH ⇠
p
e for µ ⇠ m�.

<latexit sha1_base64="q6CYGZMCKSa4Ktn1yQtPsc7JgVk=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4KGVGBHUjBTddVnBsoRmGTJppQ5OZMckUytDfcOOvuHGh4rY7/8Z0OgttPRA4Oede7r0nSDhT2ra/rdLa+sbmVnm7srO7t39QPTx6VHEqCXVJzGPZDbCinEXU1Uxz2k0kxSLgtBOM7uZ+Z0ylYnH0oCcJ9QQeRCxkBGsj+VV77LeQYgIi9SR1RqeojuoZkgKGscw/SKR5gfBRMmQNv1qzG3YOuEqcgtRAgbZfnaF+TFJBI004Vqrn2In2Miw1I5xOKyhVNMFkhAe0Z2iEBVVell82hWdG6c9XMS/SMFd/d2RYKDURgakUWA/VsjcX//N6qQ6vvYxFSappRBaDwpRDHcN5TLDPJCWaTwzBRDKzKyRDLDHRJsyKCcFZPnmVuBeNm4Zzf1lr3hZplMEJOAXnwAFXoAlaoA1cQMAzeAXv4MN6sd6sT+trUVqyip5j8AfW7AdboKAU</latexit><latexit sha1_base64="q6CYGZMCKSa4Ktn1yQtPsc7JgVk=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4KGVGBHUjBTddVnBsoRmGTJppQ5OZMckUytDfcOOvuHGh4rY7/8Z0OgttPRA4Oede7r0nSDhT2ra/rdLa+sbmVnm7srO7t39QPTx6VHEqCXVJzGPZDbCinEXU1Uxz2k0kxSLgtBOM7uZ+Z0ylYnH0oCcJ9QQeRCxkBGsj+VV77LeQYgIi9SR1RqeojuoZkgKGscw/SKR5gfBRMmQNv1qzG3YOuEqcgtRAgbZfnaF+TFJBI004Vqrn2In2Miw1I5xOKyhVNMFkhAe0Z2iEBVVell82hWdG6c9XMS/SMFd/d2RYKDURgakUWA/VsjcX//N6qQ6vvYxFSappRBaDwpRDHcN5TLDPJCWaTwzBRDKzKyRDLDHRJsyKCcFZPnmVuBeNm4Zzf1lr3hZplMEJOAXnwAFXoAlaoA1cQMAzeAXv4MN6sd6sT+trUVqyip5j8AfW7AdboKAU</latexit><latexit sha1_base64="q6CYGZMCKSa4Ktn1yQtPsc7JgVk=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4KGVGBHUjBTddVnBsoRmGTJppQ5OZMckUytDfcOOvuHGh4rY7/8Z0OgttPRA4Oede7r0nSDhT2ra/rdLa+sbmVnm7srO7t39QPTx6VHEqCXVJzGPZDbCinEXU1Uxz2k0kxSLgtBOM7uZ+Z0ylYnH0oCcJ9QQeRCxkBGsj+VV77LeQYgIi9SR1RqeojuoZkgKGscw/SKR5gfBRMmQNv1qzG3YOuEqcgtRAgbZfnaF+TFJBI004Vqrn2In2Miw1I5xOKyhVNMFkhAe0Z2iEBVVell82hWdG6c9XMS/SMFd/d2RYKDURgakUWA/VsjcX//N6qQ6vvYxFSappRBaDwpRDHcN5TLDPJCWaTwzBRDKzKyRDLDHRJsyKCcFZPnmVuBeNm4Zzf1lr3hZplMEJOAXnwAFXoAlaoA1cQMAzeAXv4MN6sd6sT+trUVqyip5j8AfW7AdboKAU</latexit><latexit sha1_base64="q6CYGZMCKSa4Ktn1yQtPsc7JgVk=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4KGVGBHUjBTddVnBsoRmGTJppQ5OZMckUytDfcOOvuHGh4rY7/8Z0OgttPRA4Oede7r0nSDhT2ra/rdLa+sbmVnm7srO7t39QPTx6VHEqCXVJzGPZDbCinEXU1Uxz2k0kxSLgtBOM7uZ+Z0ylYnH0oCcJ9QQeRCxkBGsj+VV77LeQYgIi9SR1RqeojuoZkgKGscw/SKR5gfBRMmQNv1qzG3YOuEqcgtRAgbZfnaF+TFJBI004Vqrn2In2Miw1I5xOKyhVNMFkhAe0Z2iEBVVell82hWdG6c9XMS/SMFd/d2RYKDURgakUWA/VsjcX//N6qQ6vvYxFSappRBaDwpRDHcN5TLDPJCWaTwzBRDKzKyRDLDHRJsyKCcFZPnmVuBeNm4Zzf1lr3hZplMEJOAXnwAFXoAlaoA1cQMAzeAXv4MN6sd6sT+trUVqyip5j8AfW7AdboKAU</latexit>

Inflaton decays into a Higgs 
pair & reheats instantaneously.

independent of pseudo-scalar mass.



Flux coupling to c-scalar

• Consider a complex scalar with U(1) symmetry.

Lc�scalar
<latexit sha1_base64="zRtmTWTGZOJ+elPOST9oFW3ahaU=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8GJJRFAvUvDiwUMFYwtNKJPtpl262YTdjVBCLv4VLx5UvPo3vPlv3LY5aOuDgbfvzbAzL0w5U9pxvq2FxaXlldXKWnV9Y3Nr297ZfVBJJgn1SMIT2Q5BUc4E9TTTnLZTSSEOOW2Fw+ux33qkUrFE3OtRSoMY+oJFjIA2Utfez30CHN8W3dyXMSYnyjxBFl275tSdCfA8cUtSQyWaXfvL7yUki6nQhINSHddJdZCD1IxwWlT9TNEUyBD6tGOogJiqIJ8cUOAjo/RwlEhTQuOJ+nsih1ipURyazhj0QM16Y/E/r5Pp6CLImUgzTQWZfhRlHOsEj9PAPSYp0XxkCBDJzK6YDEAC0SazqgnBnT15nnin9cu6e3dWa1yVaVTQATpEx8hF56iBblATeYigAj2jV/RmPVkv1rv1MW1dsMqZPfQH1ucPuJqWCQ==</latexit><latexit sha1_base64="zRtmTWTGZOJ+elPOST9oFW3ahaU=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8GJJRFAvUvDiwUMFYwtNKJPtpl262YTdjVBCLv4VLx5UvPo3vPlv3LY5aOuDgbfvzbAzL0w5U9pxvq2FxaXlldXKWnV9Y3Nr297ZfVBJJgn1SMIT2Q5BUc4E9TTTnLZTSSEOOW2Fw+ux33qkUrFE3OtRSoMY+oJFjIA2Utfez30CHN8W3dyXMSYnyjxBFl275tSdCfA8cUtSQyWaXfvL7yUki6nQhINSHddJdZCD1IxwWlT9TNEUyBD6tGOogJiqIJ8cUOAjo/RwlEhTQuOJ+nsih1ipURyazhj0QM16Y/E/r5Pp6CLImUgzTQWZfhRlHOsEj9PAPSYp0XxkCBDJzK6YDEAC0SazqgnBnT15nnin9cu6e3dWa1yVaVTQATpEx8hF56iBblATeYigAj2jV/RmPVkv1rv1MW1dsMqZPfQH1ucPuJqWCQ==</latexit><latexit sha1_base64="zRtmTWTGZOJ+elPOST9oFW3ahaU=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8GJJRFAvUvDiwUMFYwtNKJPtpl262YTdjVBCLv4VLx5UvPo3vPlv3LY5aOuDgbfvzbAzL0w5U9pxvq2FxaXlldXKWnV9Y3Nr297ZfVBJJgn1SMIT2Q5BUc4E9TTTnLZTSSEOOW2Fw+ux33qkUrFE3OtRSoMY+oJFjIA2Utfez30CHN8W3dyXMSYnyjxBFl275tSdCfA8cUtSQyWaXfvL7yUki6nQhINSHddJdZCD1IxwWlT9TNEUyBD6tGOogJiqIJ8cUOAjo/RwlEhTQuOJ+nsih1ipURyazhj0QM16Y/E/r5Pp6CLImUgzTQWZfhRlHOsEj9PAPSYp0XxkCBDJzK6YDEAC0SazqgnBnT15nnin9cu6e3dWa1yVaVTQATpEx8hF56iBblATeYigAj2jV/RmPVkv1rv1MW1dsMqZPfQH1ucPuJqWCQ==</latexit><latexit sha1_base64="zRtmTWTGZOJ+elPOST9oFW3ahaU=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8GJJRFAvUvDiwUMFYwtNKJPtpl262YTdjVBCLv4VLx5UvPo3vPlv3LY5aOuDgbfvzbAzL0w5U9pxvq2FxaXlldXKWnV9Y3Nr297ZfVBJJgn1SMIT2Q5BUc4E9TTTnLZTSSEOOW2Fw+ux33qkUrFE3OtRSoMY+oJFjIA2Utfez30CHN8W3dyXMSYnyjxBFl275tSdCfA8cUtSQyWaXfvL7yUki6nQhINSHddJdZCD1IxwWlT9TNEUyBD6tGOogJiqIJ8cUOAjo/RwlEhTQuOJ+nsih1ipURyazhj0QM16Y/E/r5Pp6CLImUgzTQWZfhRlHOsEj9PAPSYp0XxkCBDJzK6YDEAC0SazqgnBnT15nnin9cu6e3dWa1yVaVTQATpEx8hF56iBblATeYigAj2jV/RmPVkv1rv1MW1dsMqZPfQH1ucPuJqWCQ==</latexit>

Four-form coupling

�↵

6
@µ

⇣
✏µ⌫⇢�|�|2A⌫⇢�

⌘
.

<latexit sha1_base64="85sUYQRfD855dqwc0jO1yVNkn5U="></latexit><latexit sha1_base64="85sUYQRfD855dqwc0jO1yVNkn5U="></latexit><latexit sha1_base64="85sUYQRfD855dqwc0jO1yVNkn5U="></latexit><latexit sha1_base64="85sUYQRfD855dqwc0jO1yVNkn5U="></latexit>

LIII = M
2|H|2 � �H |H|4 �m

2
�|�|2 � ��|�|4 �

1

2
(↵|�|2 + c2|H|2 + q)2.

<latexit sha1_base64="z6CfLv8CPEvzTlumVuoWvWlYgB4="></latexit><latexit sha1_base64="z6CfLv8CPEvzTlumVuoWvWlYgB4="></latexit><latexit sha1_base64="z6CfLv8CPEvzTlumVuoWvWlYgB4="></latexit><latexit sha1_base64="z6CfLv8CPEvzTlumVuoWvWlYgB4="></latexit>

Flux-dependent  VEVs:

Similar flux-dependent  masses & mixing arise!

Higgs and singlet masses are scanned at the same time.

[HML, 2019]



Reheat with pseudo-scalar
• No EWSB before the last nucleation

• EWSB just after the last nucleation:

Initial potential energy:

vH = 0,
<latexit sha1_base64="Y0rl20GpzgZdWmEm/U0rB1hvDtc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEdSDUvDSYwW3LbRLyabZNjabLEm2UJb+By8eVLz6g7z5b0zbPWj1wcDjvRlm5oUJZ9q47pdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN3N/NaYKs2keDCThAYxHggWMYKNlZrjXv3GPeuVK27VnQP9JV5OKpCj0St/dvuSpDEVhnCsdcdzExNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+bVTdGKVPoqksiUMmqs/JzIcaz2JQ9sZYzPUy95M/M/rpCa6CjImktRQQRaLopQjI9HsddRnihLDJ5Zgopi9FZEhVpgYG1DJhuAtv/yX+OfV66p3f1Gp3eZpFOEIjuEUPLiEGtShAT4QeIQneIFXRzrPzpvzvmgtOPnMIfyC8/EN8hKOPA==</latexit><latexit sha1_base64="Y0rl20GpzgZdWmEm/U0rB1hvDtc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEdSDUvDSYwW3LbRLyabZNjabLEm2UJb+By8eVLz6g7z5b0zbPWj1wcDjvRlm5oUJZ9q47pdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN3N/NaYKs2keDCThAYxHggWMYKNlZrjXv3GPeuVK27VnQP9JV5OKpCj0St/dvuSpDEVhnCsdcdzExNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+bVTdGKVPoqksiUMmqs/JzIcaz2JQ9sZYzPUy95M/M/rpCa6CjImktRQQRaLopQjI9HsddRnihLDJ5Zgopi9FZEhVpgYG1DJhuAtv/yX+OfV66p3f1Gp3eZpFOEIjuEUPLiEGtShAT4QeIQneIFXRzrPzpvzvmgtOPnMIfyC8/EN8hKOPA==</latexit><latexit sha1_base64="Y0rl20GpzgZdWmEm/U0rB1hvDtc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEdSDUvDSYwW3LbRLyabZNjabLEm2UJb+By8eVLz6g7z5b0zbPWj1wcDjvRlm5oUJZ9q47pdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN3N/NaYKs2keDCThAYxHggWMYKNlZrjXv3GPeuVK27VnQP9JV5OKpCj0St/dvuSpDEVhnCsdcdzExNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+bVTdGKVPoqksiUMmqs/JzIcaz2JQ9sZYzPUy95M/M/rpCa6CjImktRQQRaLopQjI9HsddRnihLDJ5Zgopi9FZEhVpgYG1DJhuAtv/yX+OfV66p3f1Gp3eZpFOEIjuEUPLiEGtShAT4QeIQneIFXRzrPzpvzvmgtOPnMIfyC8/EN8hKOPA==</latexit><latexit sha1_base64="Y0rl20GpzgZdWmEm/U0rB1hvDtc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEdSDUvDSYwW3LbRLyabZNjabLEm2UJb+By8eVLz6g7z5b0zbPWj1wcDjvRlm5oUJZ9q47pdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN3N/NaYKs2keDCThAYxHggWMYKNlZrjXv3GPeuVK27VnQP9JV5OKpCj0St/dvuSpDEVhnCsdcdzExNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+bVTdGKVPoqksiUMmqs/JzIcaz2JQ9sZYzPUy95M/M/rpCa6CjImktRQQRaLopQjI9HsddRnihLDJ5Zgopi9FZEhVpgYG1DJhuAtv/yX+OfV66p3f1Gp3eZpFOEIjuEUPLiEGtShAT4QeIQneIFXRzrPzpvzvmgtOPnMIfyC8/EN8hKOPA==</latexit>

“shifted singlet VEV”

EW scale: vH ⇠
p
e for µ ⇠ m�.

<latexit sha1_base64="q6CYGZMCKSa4Ktn1yQtPsc7JgVk=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4KGVGBHUjBTddVnBsoRmGTJppQ5OZMckUytDfcOOvuHGh4rY7/8Z0OgttPRA4Oede7r0nSDhT2ra/rdLa+sbmVnm7srO7t39QPTx6VHEqCXVJzGPZDbCinEXU1Uxz2k0kxSLgtBOM7uZ+Z0ylYnH0oCcJ9QQeRCxkBGsj+VV77LeQYgIi9SR1RqeojuoZkgKGscw/SKR5gfBRMmQNv1qzG3YOuEqcgtRAgbZfnaF+TFJBI004Vqrn2In2Miw1I5xOKyhVNMFkhAe0Z2iEBVVell82hWdG6c9XMS/SMFd/d2RYKDURgakUWA/VsjcX//N6qQ6vvYxFSappRBaDwpRDHcN5TLDPJCWaTwzBRDKzKyRDLDHRJsyKCcFZPnmVuBeNm4Zzf1lr3hZplMEJOAXnwAFXoAlaoA1cQMAzeAXv4MN6sd6sT+trUVqyip5j8AfW7AdboKAU</latexit><latexit sha1_base64="q6CYGZMCKSa4Ktn1yQtPsc7JgVk=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4KGVGBHUjBTddVnBsoRmGTJppQ5OZMckUytDfcOOvuHGh4rY7/8Z0OgttPRA4Oede7r0nSDhT2ra/rdLa+sbmVnm7srO7t39QPTx6VHEqCXVJzGPZDbCinEXU1Uxz2k0kxSLgtBOM7uZ+Z0ylYnH0oCcJ9QQeRCxkBGsj+VV77LeQYgIi9SR1RqeojuoZkgKGscw/SKR5gfBRMmQNv1qzG3YOuEqcgtRAgbZfnaF+TFJBI004Vqrn2In2Miw1I5xOKyhVNMFkhAe0Z2iEBVVell82hWdG6c9XMS/SMFd/d2RYKDURgakUWA/VsjcX//N6qQ6vvYxFSappRBaDwpRDHcN5TLDPJCWaTwzBRDKzKyRDLDHRJsyKCcFZPnmVuBeNm4Zzf1lr3hZplMEJOAXnwAFXoAlaoA1cQMAzeAXv4MN6sd6sT+trUVqyip5j8AfW7AdboKAU</latexit><latexit sha1_base64="q6CYGZMCKSa4Ktn1yQtPsc7JgVk=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4KGVGBHUjBTddVnBsoRmGTJppQ5OZMckUytDfcOOvuHGh4rY7/8Z0OgttPRA4Oede7r0nSDhT2ra/rdLa+sbmVnm7srO7t39QPTx6VHEqCXVJzGPZDbCinEXU1Uxz2k0kxSLgtBOM7uZ+Z0ylYnH0oCcJ9QQeRCxkBGsj+VV77LeQYgIi9SR1RqeojuoZkgKGscw/SKR5gfBRMmQNv1qzG3YOuEqcgtRAgbZfnaF+TFJBI004Vqrn2In2Miw1I5xOKyhVNMFkhAe0Z2iEBVVell82hWdG6c9XMS/SMFd/d2RYKDURgakUWA/VsjcX//N6qQ6vvYxFSappRBaDwpRDHcN5TLDPJCWaTwzBRDKzKyRDLDHRJsyKCcFZPnmVuBeNm4Zzf1lr3hZplMEJOAXnwAFXoAlaoA1cQMAzeAXv4MN6sd6sT+trUVqyip5j8AfW7AdboKAU</latexit><latexit sha1_base64="q6CYGZMCKSa4Ktn1yQtPsc7JgVk=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4KGVGBHUjBTddVnBsoRmGTJppQ5OZMckUytDfcOOvuHGh4rY7/8Z0OgttPRA4Oede7r0nSDhT2ra/rdLa+sbmVnm7srO7t39QPTx6VHEqCXVJzGPZDbCinEXU1Uxz2k0kxSLgtBOM7uZ+Z0ylYnH0oCcJ9QQeRCxkBGsj+VV77LeQYgIi9SR1RqeojuoZkgKGscw/SKR5gfBRMmQNv1qzG3YOuEqcgtRAgbZfnaF+TFJBI004Vqrn2In2Miw1I5xOKyhVNMFkhAe0Z2iEBVVell82hWdG6c9XMS/SMFd/d2RYKDURgakUWA/VsjcX//N6qQ6vvYxFSappRBaDwpRDHcN5TLDPJCWaTwzBRDKzKyRDLDHRJsyKCcFZPnmVuBeNm4Zzf1lr3hZplMEJOAXnwAFXoAlaoA1cQMAzeAXv4MN6sd6sT+trUVqyip5j8AfW7AdboKAU</latexit>

Reheating is similar as in pseudo-scalar case with

q = qc � e, v2 =
��c2e

��,e↵�H,e↵ � 1
4 (↵c2)

2
,

<latexit sha1_base64="JaL52+wm8ccbdNdoLQ8iv0GqMLs="></latexit><latexit sha1_base64="JaL52+wm8ccbdNdoLQ8iv0GqMLs="></latexit><latexit sha1_base64="JaL52+wm8ccbdNdoLQ8iv0GqMLs="></latexit><latexit sha1_base64="JaL52+wm8ccbdNdoLQ8iv0GqMLs="></latexit>

��,e↵ = �� +
1

2
↵2,

<latexit sha1_base64="xneYW/sK0wjdvEBndPA3xF/wVG8=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiCpSRFUEGl4MZlBWsLTSw300k7dPJgZiKUkJ9x46+4cWHFhRu/xWkbQVsPDBzOOZc793gxZ1JZ1qexsLi0vLJaWCuub2xubZs7u/cySgShDRLxSLQ8kJSzkDYUU5y2YkEh8DhteoPrsd98pEKyKLxTw5i6AfRC5jMCSksd88LhOtyFTurU+6ycOiLA1Pez7PLHGOv4GDu+AJLaWVrNHOBxHx6q5Y5ZsirWBHie2DkpoRz1jjlyuhFJAhoqwkHKtm3Fyk1BKEY4zYpOImkMZAA92tY0hIBKN51cmeFDrXSxHwn9QoUn6u+JFAIph4GnkwGovpz1xuJ/XjtR/pmbsjBOFA3JdJGfcKwiPK4Md5mgRPGhJkAE03/FpA+6DqWLLeoS7NmT50mjWjmv2LcnpdpV3kYB7aMDdIRsdIpq6AbVUQMR9IRe0BsaGc/Gq/FufEyjC0Y+s4f+wPj6BmLPpL4=</latexit><latexit sha1_base64="xneYW/sK0wjdvEBndPA3xF/wVG8=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiCpSRFUEGl4MZlBWsLTSw300k7dPJgZiKUkJ9x46+4cWHFhRu/xWkbQVsPDBzOOZc793gxZ1JZ1qexsLi0vLJaWCuub2xubZs7u/cySgShDRLxSLQ8kJSzkDYUU5y2YkEh8DhteoPrsd98pEKyKLxTw5i6AfRC5jMCSksd88LhOtyFTurU+6ycOiLA1Pez7PLHGOv4GDu+AJLaWVrNHOBxHx6q5Y5ZsirWBHie2DkpoRz1jjlyuhFJAhoqwkHKtm3Fyk1BKEY4zYpOImkMZAA92tY0hIBKN51cmeFDrXSxHwn9QoUn6u+JFAIph4GnkwGovpz1xuJ/XjtR/pmbsjBOFA3JdJGfcKwiPK4Md5mgRPGhJkAE03/FpA+6DqWLLeoS7NmT50mjWjmv2LcnpdpV3kYB7aMDdIRsdIpq6AbVUQMR9IRe0BsaGc/Gq/FufEyjC0Y+s4f+wPj6BmLPpL4=</latexit><latexit sha1_base64="xneYW/sK0wjdvEBndPA3xF/wVG8=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiCpSRFUEGl4MZlBWsLTSw300k7dPJgZiKUkJ9x46+4cWHFhRu/xWkbQVsPDBzOOZc793gxZ1JZ1qexsLi0vLJaWCuub2xubZs7u/cySgShDRLxSLQ8kJSzkDYUU5y2YkEh8DhteoPrsd98pEKyKLxTw5i6AfRC5jMCSksd88LhOtyFTurU+6ycOiLA1Pez7PLHGOv4GDu+AJLaWVrNHOBxHx6q5Y5ZsirWBHie2DkpoRz1jjlyuhFJAhoqwkHKtm3Fyk1BKEY4zYpOImkMZAA92tY0hIBKN51cmeFDrXSxHwn9QoUn6u+JFAIph4GnkwGovpz1xuJ/XjtR/pmbsjBOFA3JdJGfcKwiPK4Md5mgRPGhJkAE03/FpA+6DqWLLeoS7NmT50mjWjmv2LcnpdpV3kYB7aMDdIRsdIpq6AbVUQMR9IRe0BsaGc/Gq/FufEyjC0Y+s4f+wPj6BmLPpL4=</latexit><latexit sha1_base64="xneYW/sK0wjdvEBndPA3xF/wVG8=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiCpSRFUEGl4MZlBWsLTSw300k7dPJgZiKUkJ9x46+4cWHFhRu/xWkbQVsPDBzOOZc793gxZ1JZ1qexsLi0vLJaWCuub2xubZs7u/cySgShDRLxSLQ8kJSzkDYUU5y2YkEh8DhteoPrsd98pEKyKLxTw5i6AfRC5jMCSksd88LhOtyFTurU+6ycOiLA1Pez7PLHGOv4GDu+AJLaWVrNHOBxHx6q5Y5ZsirWBHie2DkpoRz1jjlyuhFJAhoqwkHKtm3Fyk1BKEY4zYpOImkMZAA92tY0hIBKN51cmeFDrXSxHwn9QoUn6u+JFAIph4GnkwGovpz1xuJ/XjtR/pmbsjBOFA3JdJGfcKwiPK4Md5mgRPGhJkAE03/FpA+6DqWLLeoS7NmT50mjWjmv2LcnpdpV3kYB7aMDdIRsdIpq6AbVUQMR9IRe0BsaGc/Gq/FufEyjC0Y+s4f+wPj6BmLPpL4=</latexit>

v2�,0 = v2�,c +
↵

��,e↵

⇣
e� 1

2
c2v

2
⌘
.

<latexit sha1_base64="42PJ3Nilu6JMV1JEMkgCfkRSI/c="></latexit><latexit sha1_base64="42PJ3Nilu6JMV1JEMkgCfkRSI/c="></latexit><latexit sha1_base64="42PJ3Nilu6JMV1JEMkgCfkRSI/c="></latexit><latexit sha1_base64="42PJ3Nilu6JMV1JEMkgCfkRSI/c="></latexit>

µ ⇠ m�.
<latexit sha1_base64="XjLXWKSdd6T8Vd3CXHgq/7aH93Y=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5CIoG6k4MZlBaOFJoTJdNIOnZmEeQg19EvcuFBx66+482+ctllo64ELh3Pu5d570oJRpX3/26mtrK6tb9Q3G1vbO7tNd2//XuVGYhLinOWymyJFGBUk1FQz0i0kQTxl5CEdXU/9h0ciFc3FnR4XJOZoIGhGMdJWStxmxE2kKIc8iYoh9RK35Xv+DHCZBBVpgQqdxP2K+jk2nAiNGVKqF/iFjkskNcWMTBqRUaRAeIQGpGepQJyouJwdPoHHVunDLJe2hIYz9fdEibhSY57aTo70UC16U/E/r2d0dhGXVBRGE4HnizLDoM7hNAXYp5JgzcaWICypvRXiIZIIa5tVw4YQLL68TMJT79ILbs9a7asqjTo4BEfgBATgHLTBDeiAEGBgwDN4BW/Ok/PivDsf89aaU80cgD9wPn8Au/eSqw==</latexit><latexit sha1_base64="XjLXWKSdd6T8Vd3CXHgq/7aH93Y=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5CIoG6k4MZlBaOFJoTJdNIOnZmEeQg19EvcuFBx66+482+ctllo64ELh3Pu5d570oJRpX3/26mtrK6tb9Q3G1vbO7tNd2//XuVGYhLinOWymyJFGBUk1FQz0i0kQTxl5CEdXU/9h0ciFc3FnR4XJOZoIGhGMdJWStxmxE2kKIc8iYoh9RK35Xv+DHCZBBVpgQqdxP2K+jk2nAiNGVKqF/iFjkskNcWMTBqRUaRAeIQGpGepQJyouJwdPoHHVunDLJe2hIYz9fdEibhSY57aTo70UC16U/E/r2d0dhGXVBRGE4HnizLDoM7hNAXYp5JgzcaWICypvRXiIZIIa5tVw4YQLL68TMJT79ILbs9a7asqjTo4BEfgBATgHLTBDeiAEGBgwDN4BW/Ok/PivDsf89aaU80cgD9wPn8Au/eSqw==</latexit><latexit sha1_base64="XjLXWKSdd6T8Vd3CXHgq/7aH93Y=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5CIoG6k4MZlBaOFJoTJdNIOnZmEeQg19EvcuFBx66+482+ctllo64ELh3Pu5d570oJRpX3/26mtrK6tb9Q3G1vbO7tNd2//XuVGYhLinOWymyJFGBUk1FQz0i0kQTxl5CEdXU/9h0ciFc3FnR4XJOZoIGhGMdJWStxmxE2kKIc8iYoh9RK35Xv+DHCZBBVpgQqdxP2K+jk2nAiNGVKqF/iFjkskNcWMTBqRUaRAeIQGpGepQJyouJwdPoHHVunDLJe2hIYz9fdEibhSY57aTo70UC16U/E/r2d0dhGXVBRGE4HnizLDoM7hNAXYp5JgzcaWICypvRXiIZIIa5tVw4YQLL68TMJT79ILbs9a7asqjTo4BEfgBATgHLTBDeiAEGBgwDN4BW/Ok/PivDsf89aaU80cgD9wPn8Au/eSqw==</latexit><latexit sha1_base64="XjLXWKSdd6T8Vd3CXHgq/7aH93Y=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5CIoG6k4MZlBaOFJoTJdNIOnZmEeQg19EvcuFBx66+482+ctllo64ELh3Pu5d570oJRpX3/26mtrK6tb9Q3G1vbO7tNd2//XuVGYhLinOWymyJFGBUk1FQz0i0kQTxl5CEdXU/9h0ciFc3FnR4XJOZoIGhGMdJWStxmxE2kKIc8iYoh9RK35Xv+DHCZBBVpgQqdxP2K+jk2nAiNGVKqF/iFjkskNcWMTBqRUaRAeIQGpGepQJyouJwdPoHHVunDLJe2hIYz9fdEibhSY57aTo70UC16U/E/r2d0dhGXVBRGE4HnizLDoM7hNAXYp5JgzcaWICypvRXiIZIIa5tVw4YQLL68TMJT79ILbs9a7asqjTo4BEfgBATgHLTBDeiAEGBgwDN4BW/Ok/PivDsf89aaU80cgD9wPn8Au/eSqw==</latexit>

Vi ⇠ e2,
<latexit sha1_base64="nCKUED4kLXcgPXYHMCB+gH1rSJk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUQb1IwYvHCqYtNLFstpt26e4m7G6EEvo3vHhQ8eqv8ea/cdvmoK0PBh7vzTAzL0o508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJJpgj1ScIT1YmwppxJ6htmOO2kimIRcdqORrdTv/1ElWaJfDDjlIYCDySLGcHGSkGrxwLNBKKP9fNeperW3BnQMvEKUoUCzV7lK+gnJBNUGsKx1l3PTU2YY2UY4XRSDjJNU0xGeEC7lkosqA7z2c0TdGqVPooTZUsaNFN/T+RYaD0Wke0U2Az1ojcV//O6mYmvwpzJNDNUkvmiOOPIJGgaAOozRYnhY0swUczeisgQK0yMjalsQ/AWX14mfr12XfPuL6qNmyKNEhzDCZyBB5fQgDtogg8EUniGV3hzMufFeXc+5q0rTjFzBH/gfP4AXvmQxg==</latexit><latexit sha1_base64="nCKUED4kLXcgPXYHMCB+gH1rSJk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUQb1IwYvHCqYtNLFstpt26e4m7G6EEvo3vHhQ8eqv8ea/cdvmoK0PBh7vzTAzL0o508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJJpgj1ScIT1YmwppxJ6htmOO2kimIRcdqORrdTv/1ElWaJfDDjlIYCDySLGcHGSkGrxwLNBKKP9fNeperW3BnQMvEKUoUCzV7lK+gnJBNUGsKx1l3PTU2YY2UY4XRSDjJNU0xGeEC7lkosqA7z2c0TdGqVPooTZUsaNFN/T+RYaD0Wke0U2Az1ojcV//O6mYmvwpzJNDNUkvmiOOPIJGgaAOozRYnhY0swUczeisgQK0yMjalsQ/AWX14mfr12XfPuL6qNmyKNEhzDCZyBB5fQgDtogg8EUniGV3hzMufFeXc+5q0rTjFzBH/gfP4AXvmQxg==</latexit><latexit sha1_base64="nCKUED4kLXcgPXYHMCB+gH1rSJk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUQb1IwYvHCqYtNLFstpt26e4m7G6EEvo3vHhQ8eqv8ea/cdvmoK0PBh7vzTAzL0o508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJJpgj1ScIT1YmwppxJ6htmOO2kimIRcdqORrdTv/1ElWaJfDDjlIYCDySLGcHGSkGrxwLNBKKP9fNeperW3BnQMvEKUoUCzV7lK+gnJBNUGsKx1l3PTU2YY2UY4XRSDjJNU0xGeEC7lkosqA7z2c0TdGqVPooTZUsaNFN/T+RYaD0Wke0U2Az1ojcV//O6mYmvwpzJNDNUkvmiOOPIJGgaAOozRYnhY0swUczeisgQK0yMjalsQ/AWX14mfr12XfPuL6qNmyKNEhzDCZyBB5fQgDtogg8EUniGV3hzMufFeXc+5q0rTjFzBH/gfP4AXvmQxg==</latexit><latexit sha1_base64="nCKUED4kLXcgPXYHMCB+gH1rSJk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUQb1IwYvHCqYtNLFstpt26e4m7G6EEvo3vHhQ8eqv8ea/cdvmoK0PBh7vzTAzL0o508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJJpgj1ScIT1YmwppxJ6htmOO2kimIRcdqORrdTv/1ElWaJfDDjlIYCDySLGcHGSkGrxwLNBKKP9fNeperW3BnQMvEKUoUCzV7lK+gnJBNUGsKx1l3PTU2YY2UY4XRSDjJNU0xGeEC7lkosqA7z2c0TdGqVPooTZUsaNFN/T+RYaD0Wke0U2Az1ojcV//O6mYmvwpzJNDNUkvmiOOPIJGgaAOozRYnhY0swUczeisgQK0yMjalsQ/AWX14mfr12XfPuL6qNmyKNEhzDCZyBB5fQgDtogg8EUniGV3hzMufFeXc+5q0rTjFzBH/gfP4AXvmQxg==</latexit>

independent of singlet mass.



Reheating and new physics

• Non-minimal four-form coupling

Heavy singlet scalar with gravitational coupling:

m� > 380TeV
<latexit sha1_base64="O9VQ0HPfOA8F+AUIHGv3DvcvLXo=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlUcF6KQUvHis0baEJYbPdtEt3N2F3I5TQi3/FiwcVr/4Nb/4bt20O2vpg4PHeDDPzopRRpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoyiYmHE5bIboQUYVQQT1PNSDeVBPGIkU40upv6nUciFU1ES49TEnA0EDSmGGkjhfYxD31FBxzVr2qOf5H7ksMWaU9Cu+JUnRngMnELUgEFmqH95fcTnHEiNGZIqZ7rpDrIkdQUMzIp+5kiKcIjNCA9QwXiRAX57IEJPDNKH8aJNCU0nKm/J3LElRrzyHRypIdq0ZuK/3m9TMe1IKcizTQReL4ozhjUCZymAftUEqzZ2BCEJTW3QjxEEmFtMiubENzFl5eJd1m9rboP15VGvUijBE7AKTgHLrgBDXAPmsADGEzAM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gCv5JVd</latexit><latexit sha1_base64="O9VQ0HPfOA8F+AUIHGv3DvcvLXo=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlUcF6KQUvHis0baEJYbPdtEt3N2F3I5TQi3/FiwcVr/4Nb/4bt20O2vpg4PHeDDPzopRRpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoyiYmHE5bIboQUYVQQT1PNSDeVBPGIkU40upv6nUciFU1ES49TEnA0EDSmGGkjhfYxD31FBxzVr2qOf5H7ksMWaU9Cu+JUnRngMnELUgEFmqH95fcTnHEiNGZIqZ7rpDrIkdQUMzIp+5kiKcIjNCA9QwXiRAX57IEJPDNKH8aJNCU0nKm/J3LElRrzyHRypIdq0ZuK/3m9TMe1IKcizTQReL4ozhjUCZymAftUEqzZ2BCEJTW3QjxEEmFtMiubENzFl5eJd1m9rboP15VGvUijBE7AKTgHLrgBDXAPmsADGEzAM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gCv5JVd</latexit><latexit sha1_base64="O9VQ0HPfOA8F+AUIHGv3DvcvLXo=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlUcF6KQUvHis0baEJYbPdtEt3N2F3I5TQi3/FiwcVr/4Nb/4bt20O2vpg4PHeDDPzopRRpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoyiYmHE5bIboQUYVQQT1PNSDeVBPGIkU40upv6nUciFU1ES49TEnA0EDSmGGkjhfYxD31FBxzVr2qOf5H7ksMWaU9Cu+JUnRngMnELUgEFmqH95fcTnHEiNGZIqZ7rpDrIkdQUMzIp+5kiKcIjNCA9QwXiRAX57IEJPDNKH8aJNCU0nKm/J3LElRrzyHRypIdq0ZuK/3m9TMe1IKcizTQReL4ozhjUCZymAftUEqzZ2BCEJTW3QjxEEmFtMiubENzFl5eJd1m9rboP15VGvUijBE7AKTgHLrgBDXAPmsADGEzAM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gCv5JVd</latexit><latexit sha1_base64="O9VQ0HPfOA8F+AUIHGv3DvcvLXo=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlUcF6KQUvHis0baEJYbPdtEt3N2F3I5TQi3/FiwcVr/4Nb/4bt20O2vpg4PHeDDPzopRRpR3n21pZXVvf2Cxtlbd3dvf27YPDtkoyiYmHE5bIboQUYVQQT1PNSDeVBPGIkU40upv6nUciFU1ES49TEnA0EDSmGGkjhfYxD31FBxzVr2qOf5H7ksMWaU9Cu+JUnRngMnELUgEFmqH95fcTnHEiNGZIqZ7rpDrIkdQUMzIp+5kiKcIjNCA9QwXiRAX57IEJPDNKH8aJNCU0nKm/J3LElRrzyHRypIdq0ZuK/3m9TMe1IKcizTQReL4ozhjUCZymAftUEqzZ2BCEJTW3QjxEEmFtMiubENzFl5eJd1m9rboP15VGvUijBE7AKTgHLrgBDXAPmsADGEzAM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gCv5JVd</latexit>

• Minimal four-form couplings

Light singlet scalars with sizable mixing to Higgs:

TRH < 55GeV

<latexit sha1_base64="tv+8CjMZnfBEwV1eo6lPFLjQngg=">AAAAAHicbVDLSsNAFJ34rPUVdSO4GSyCCymJtOhCpODCLqv0BU0Ik+mkHTqZhJmJUELd+CtuXCji1r9w5984TbPQ1gMXzpxzL3Pv8WNGpbKsb2NpeWV1bb2wUdzc2t7ZNff22zJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxRzdTv/NAhKQRb6pxTNwQDTgNKEZKS5552PRSR4Twvj65qlads+xxS9oTzyxZZSsDXCR2TkogR8Mzv5x+hJOQcIUZkrJnW7FyUyQUxYxMik4iSYzwCA1IT1OOQiLdNLtgAk+00odBJHRxBTP190SKQinHoa87Q6SGct6biv95vUQFl25KeZwowvHsoyBhUEVwGgfsU0GwYmNNEBZU7wrxEAmElQ6tqEOw509eJO3zsl0pW3eVUu06j6MAjsAxOAU2uAA1UAcN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj8Aa9dlb0=</latexit>

TRH > 10MeV

<latexit sha1_base64="hNEV3O0HJKnKk3+9qLSS0IBLHn8=">AAAAAHicbVDLSsNAFJ34rPUVdSO4GSyCCymJFHRVCm66Ear0BU0Ik+mkHTqThJmJUELc+CtuXCji1r9w5984TbPQ1gMXzpxzL3Pv8WNGpbKsb2NldW19Y7O0Vd7e2d3bNw8OuzJKBCYdHLFI9H0kCaMh6SiqGOnHgiDuM9LzJzczv/dAhKRR2FbTmLgcjUIaUIyUljzzuO2ljuDwvpnVbcu5yB+3pJt5ZsWqWjngMrELUgEFWp755QwjnHASKsyQlAPbipWbIqEoZiQrO4kkMcITNCIDTUPEiXTT/IIMnmllCINI6AoVzNXfEyniUk65rzs5UmO56M3E/7xBooJrN6VhnCgS4vlHQcKgiuAsDjikgmDFppogLKjeFeIxEggrHVpZh2AvnrxMupdVu1a17mqVRr2IowROwCk4Bza4Ag3QBC3QARg8gmfwCt6MJ+PFeDc+5q0rRjFzBP7A+PwBrZ6VvA==</latexit>

m� & mh/2

<latexit sha1_base64="mUXQ71S6wO/LaQo92uzjhA/o2gc=">AAAAAHicbVDLSsNAFJ3UV62vaJduBovgqialoCspuHFZwT6gCWEynTRDZyZhZiKEUH/FjQtF3Poh7vwbp20W2npg4HDOudw7J0wZVdpxvq3KxubW9k51t7a3f3B4ZB+f9FWSSUx6OGGJHIZIEUYF6WmqGRmmkiAeMjIIp7dzf/BIpKKJeNB5SnyOJoJGFCNtpMCu88BLY+pNtMlwyIP4shXYDafpLADXiVuSBijRDewvb5zgjBOhMUNKjVwn1X6BpKaYkVnNyxRJEZ6iCRkZKhAnyi8Wx8/guVHGMEqkeULDhfp7okBcqZyHJsmRjtWqNxf/80aZjq79goo000Tg5aIoY1AncN4EHFNJsGa5IQhLam6FOEYSYW36qpkS3NUvr5N+q+m2m859u9G5KeuoglNwBi6AC65AB9yBLugBDHLwDF7Bm/VkvVjv1scyWrHKmTr4A+vzBzqqlHg=</latexit>



Chaotic inflation with 
four-form flux



Pseudo-scalar inflation
• Consider a massless pseudo-scalar with four-form 

coupling. 

Linf = �1

2
(@µ�)

2 � 1

2
(µ�+ q)2.

<latexit sha1_base64="D+IK2Q0jwCN56cc5fkeQKkb8+oQ="></latexit><latexit sha1_base64="D+IK2Q0jwCN56cc5fkeQKkb8+oQ="></latexit><latexit sha1_base64="D+IK2Q0jwCN56cc5fkeQKkb8+oQ="></latexit><latexit sha1_base64="D+IK2Q0jwCN56cc5fkeQKkb8+oQ="></latexit>

Shift symmetry: � ! �+ c, q ! q � µc.
<latexit sha1_base64="z23Eu+Cd3odBxpUd2SJEEPi32w8=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiCGpIiqBspuHFZwdhCE8pkMmmGTh6dmSgl9D/c+CtuXKi4Ezf+jZM2i9p64MKZc+5l7j1eyqiQpvmjLSwuLa+sVtaq6xubW9v6zu69SDKOiY0TlvC2hwRhNCa2pJKRdsoJijxGWl7/uvBbD4QLmsR3cpgSN0K9mAYUI6mkrl530pA6nPZCiThPHmHxPsYnziBDPhxMO4NTJ8ogNrp6zTTMMeA8sUpSAyWaXf3L8ROcRSSWmCEhOpaZSjdHXFLMyKjqZIKkCPdRj3QUjVFEhJuPbxvBQ6X4MEi4qljCsTo9kaNIiGHkqc4IyVDMeoX4n9fJZHDh5jROM0liPPkoyBiUCSyCgj7lBEs2VARhTtWuEIeIIyxVnFUVgjV78jyx68alYd2e1RpXZRoVsA8OwBGwwDlogBvQBDbA4Am8gDfwrj1rr9qH9jlpXdDKmT3wB9r3Lzk/oRI=</latexit><latexit sha1_base64="z23Eu+Cd3odBxpUd2SJEEPi32w8=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiCGpIiqBspuHFZwdhCE8pkMmmGTh6dmSgl9D/c+CtuXKi4Ezf+jZM2i9p64MKZc+5l7j1eyqiQpvmjLSwuLa+sVtaq6xubW9v6zu69SDKOiY0TlvC2hwRhNCa2pJKRdsoJijxGWl7/uvBbD4QLmsR3cpgSN0K9mAYUI6mkrl530pA6nPZCiThPHmHxPsYnziBDPhxMO4NTJ8ogNrp6zTTMMeA8sUpSAyWaXf3L8ROcRSSWmCEhOpaZSjdHXFLMyKjqZIKkCPdRj3QUjVFEhJuPbxvBQ6X4MEi4qljCsTo9kaNIiGHkqc4IyVDMeoX4n9fJZHDh5jROM0liPPkoyBiUCSyCgj7lBEs2VARhTtWuEIeIIyxVnFUVgjV78jyx68alYd2e1RpXZRoVsA8OwBGwwDlogBvQBDbA4Am8gDfwrj1rr9qH9jlpXdDKmT3wB9r3Lzk/oRI=</latexit><latexit sha1_base64="z23Eu+Cd3odBxpUd2SJEEPi32w8=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiCGpIiqBspuHFZwdhCE8pkMmmGTh6dmSgl9D/c+CtuXKi4Ezf+jZM2i9p64MKZc+5l7j1eyqiQpvmjLSwuLa+sVtaq6xubW9v6zu69SDKOiY0TlvC2hwRhNCa2pJKRdsoJijxGWl7/uvBbD4QLmsR3cpgSN0K9mAYUI6mkrl530pA6nPZCiThPHmHxPsYnziBDPhxMO4NTJ8ogNrp6zTTMMeA8sUpSAyWaXf3L8ROcRSSWmCEhOpaZSjdHXFLMyKjqZIKkCPdRj3QUjVFEhJuPbxvBQ6X4MEi4qljCsTo9kaNIiGHkqc4IyVDMeoX4n9fJZHDh5jROM0liPPkoyBiUCSyCgj7lBEs2VARhTtWuEIeIIyxVnFUVgjV78jyx68alYd2e1RpXZRoVsA8OwBGwwDlogBvQBDbA4Am8gDfwrj1rr9qH9jlpXdDKmT3wB9r3Lzk/oRI=</latexit><latexit sha1_base64="z23Eu+Cd3odBxpUd2SJEEPi32w8=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiCGpIiqBspuHFZwdhCE8pkMmmGTh6dmSgl9D/c+CtuXKi4Ezf+jZM2i9p64MKZc+5l7j1eyqiQpvmjLSwuLa+sVtaq6xubW9v6zu69SDKOiY0TlvC2hwRhNCa2pJKRdsoJijxGWl7/uvBbD4QLmsR3cpgSN0K9mAYUI6mkrl530pA6nPZCiThPHmHxPsYnziBDPhxMO4NTJ8ogNrp6zTTMMeA8sUpSAyWaXf3L8ROcRSSWmCEhOpaZSjdHXFLMyKjqZIKkCPdRj3QUjVFEhJuPbxvBQ6X4MEi4qljCsTo9kaNIiGHkqc4IyVDMeoX4n9fJZHDh5jROM0liPPkoyBiUCSyCgj7lBEs2VARhTtWuEIeIIyxVnFUVgjV78jyx68alYd2e1RpXZRoVsA8OwBGwwDlogBvQBDbA4Am8gDfwrj1rr9qH9jlpXdDKmT3wB9r3Lzk/oRI=</latexit>

V (�)
<latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit><latexit sha1_base64="ojOgw+CwHCoKIP846DWz5dQe7Mg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFUxbaEPZbDft0s1m2d0IJfRHePGg4tX/481/46bNQVsfDDzem2FmXig508Z1v53S2vrG5lZ5u7Kzu7d/UD08auskVYT6JOGJ6oZYU84E9Q0znHalojgOOe2Ek7vc7zxRpVkiHs1U0iDGI8EiRrCxUqdd78sxOx9Ua27DnQOtEq8gNSjQGlS/+sOEpDEVhnCsdc9zpQkyrAwjnM4q/VRTickEj2jPUoFjqoNsfu4MnVlliKJE2RIGzdXfExmOtZ7Goe2MsRnrZS8X//N6qYmug4wJmRoqyGJRlHJkEpT/joZMUWL41BJMFLO3IjLGChNjE6rYELzll1eJf9G4aXgPl7XmbZFGGU7gFOrgwRU04R5a4AOBCTzDK7w50nlx3p2PRWvJKWaO4Q+czx/vMY7U</latexit>

�
<latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit><latexit sha1_base64="70R3ff4L1KTQSak1kz+dX8HauL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjBWMLbSib7aZZursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMC1POtHHdb6eytr6xuVXdru3s7u0f1A+PHnWSKUJ9kvBE9UKsKWeS+oYZTnupoliEnHbDyW3hd5+o0iyRD2aa0kDgsWQRI9gU0iCN2bDecJvuHGiVeCVpQInOsP41GCUkE1QawrHWfc9NTZBjZRjhdFYbZJqmmEzwmPYtlVhQHeTzW2fozCojFCXKljRorv6eyLHQeipC2ymwifWyV4j/ef3MRFdBzmSaGSrJYlGUcWQSVDyORkxRYvjUEkwUs7ciEmOFibHx1GwI3vLLq8S/aF43vfvLRvumTKMKJ3AK5+BBC9pwBx3wgUAMz/AKb45wXpx352PRWnHKmWP4A+fzB3+Djg8=</latexit>

After membrane 
nucleation

Reheating

Inflation
qi

<latexit sha1_base64="KsGuG/OBD2TTO/dRaxXmhmOEk7o=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03cnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+cS1EYm6x1HKg5j2lYgEo2ilu8eu6Faqbs2dgiwSryBVKNDoVr46vYRlMVfIJDWm7bkpBjnVKJjk43InMzylbEj7vG2pojE3QT49dUyOrdIjUaJtKSRT9fdETmNjRnFoO2OKAzPvTcT/vHaG0UWQC5VmyBWbLYoySTAhk79JT2jOUI4soUwLeythA6opQ5tO2Ybgzb+8SPzT2mXNuz2r1q+KNEpwCEdwAh6cQx1uoAE+MOjDM7zCmyOdF+fd+Zi1LjnFzAH8gfP5A8JGjaE=</latexit><latexit sha1_base64="KsGuG/OBD2TTO/dRaxXmhmOEk7o=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03cnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+cS1EYm6x1HKg5j2lYgEo2ilu8eu6Faqbs2dgiwSryBVKNDoVr46vYRlMVfIJDWm7bkpBjnVKJjk43InMzylbEj7vG2pojE3QT49dUyOrdIjUaJtKSRT9fdETmNjRnFoO2OKAzPvTcT/vHaG0UWQC5VmyBWbLYoySTAhk79JT2jOUI4soUwLeythA6opQ5tO2Ybgzb+8SPzT2mXNuz2r1q+KNEpwCEdwAh6cQx1uoAE+MOjDM7zCmyOdF+fd+Zi1LjnFzAH8gfP5A8JGjaE=</latexit><latexit sha1_base64="KsGuG/OBD2TTO/dRaxXmhmOEk7o=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03cnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+cS1EYm6x1HKg5j2lYgEo2ilu8eu6Faqbs2dgiwSryBVKNDoVr46vYRlMVfIJDWm7bkpBjnVKJjk43InMzylbEj7vG2pojE3QT49dUyOrdIjUaJtKSRT9fdETmNjRnFoO2OKAzPvTcT/vHaG0UWQC5VmyBWbLYoySTAhk79JT2jOUI4soUwLeythA6opQ5tO2Ybgzb+8SPzT2mXNuz2r1q+KNEpwCEdwAh6cQx1uoAE+MOjDM7zCmyOdF+fd+Zi1LjnFzAH8gfP5A8JGjaE=</latexit><latexit sha1_base64="KsGuG/OBD2TTO/dRaxXmhmOEk7o=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03cnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+cS1EYm6x1HKg5j2lYgEo2ilu8eu6Faqbs2dgiwSryBVKNDoVr46vYRlMVfIJDWm7bkpBjnVKJjk43InMzylbEj7vG2pojE3QT49dUyOrdIjUaJtKSRT9fdETmNjRnFoO2OKAzPvTcT/vHaG0UWQC5VmyBWbLYoySTAhk79JT2jOUI4soUwLeythA6opQ5tO2Ybgzb+8SPzT2mXNuz2r1q+KNEpwCEdwAh6cQx1uoAE+MOjDM7zCmyOdF+fd+Zi1LjnFzAH8gfP5A8JGjaE=</latexit>

qf
<latexit sha1_base64="uQ8I0WgYJWYxO0pDv60Su6R7k7w=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03cnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+cS1EYm6x1HKg5j2lYgEo2ilu8du1K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuad3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB729jZ4=</latexit><latexit sha1_base64="uQ8I0WgYJWYxO0pDv60Su6R7k7w=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03cnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+cS1EYm6x1HKg5j2lYgEo2ilu8du1K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuad3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB729jZ4=</latexit><latexit sha1_base64="uQ8I0WgYJWYxO0pDv60Su6R7k7w=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03cnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+cS1EYm6x1HKg5j2lYgEo2ilu8du1K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuad3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB729jZ4=</latexit><latexit sha1_base64="uQ8I0WgYJWYxO0pDv60Su6R7k7w=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03cnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+cS1EYm6x1HKg5j2lYgEo2ilu8du1K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuad3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB729jZ4=</latexit>

�0
<latexit sha1_base64="fWIUgqSXbddJy9sT/YmmlQgxtFY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsEvHiM4CaBZAmzk9lkzDyWmVkhLPkHLx5UvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vZXVtfWNzdJWeXtnd2+/cnDYNCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U7KZD1vN7lapf82dAyyQoSBUKNHqVr25fkUxQaQnHxnQCP7VRjrVlhNNJuZsZmmIywgPacVRiQU2Uz66doFOn9FGitCtp0Uz9PZFjYcxYxK5TYDs0i95U/M/rZDa5inIm08xSSeaLkowjq9D0ddRnmhLLx45gopm7FZEh1phYF1DZhRAsvrxMwvPadS24v6jWb4o0SnAMJ3AGAVxCHe6gASEQeIRneIU3T3kv3rv3MW9d8YqZI/gD7/MHpSyOsg==</latexit><latexit sha1_base64="fWIUgqSXbddJy9sT/YmmlQgxtFY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsEvHiM4CaBZAmzk9lkzDyWmVkhLPkHLx5UvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vZXVtfWNzdJWeXtnd2+/cnDYNCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U7KZD1vN7lapf82dAyyQoSBUKNHqVr25fkUxQaQnHxnQCP7VRjrVlhNNJuZsZmmIywgPacVRiQU2Uz66doFOn9FGitCtp0Uz9PZFjYcxYxK5TYDs0i95U/M/rZDa5inIm08xSSeaLkowjq9D0ddRnmhLLx45gopm7FZEh1phYF1DZhRAsvrxMwvPadS24v6jWb4o0SnAMJ3AGAVxCHe6gASEQeIRneIU3T3kv3rv3MW9d8YqZI/gD7/MHpSyOsg==</latexit><latexit sha1_base64="fWIUgqSXbddJy9sT/YmmlQgxtFY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsEvHiM4CaBZAmzk9lkzDyWmVkhLPkHLx5UvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vZXVtfWNzdJWeXtnd2+/cnDYNCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U7KZD1vN7lapf82dAyyQoSBUKNHqVr25fkUxQaQnHxnQCP7VRjrVlhNNJuZsZmmIywgPacVRiQU2Uz66doFOn9FGitCtp0Uz9PZFjYcxYxK5TYDs0i95U/M/rZDa5inIm08xSSeaLkowjq9D0ddRnmhLLx45gopm7FZEh1phYF1DZhRAsvrxMwvPadS24v6jWb4o0SnAMJ3AGAVxCHe6gASEQeIRneIU3T3kv3rv3MW9d8YqZI/gD7/MHpSyOsg==</latexit><latexit sha1_base64="fWIUgqSXbddJy9sT/YmmlQgxtFY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsEvHiM4CaBZAmzk9lkzDyWmVkhLPkHLx5UvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vZXVtfWNzdJWeXtnd2+/cnDYNCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U7KZD1vN7lapf82dAyyQoSBUKNHqVr25fkUxQaQnHxnQCP7VRjrVlhNNJuZsZmmIywgPacVRiQU2Uz66doFOn9FGitCtp0Uz9PZFjYcxYxK5TYDs0i95U/M/rZDa5inIm08xSSeaLkowjq9D0ddRnmhLLx45gopm7FZEh1phYF1DZhRAsvrxMwvPadS24v6jWb4o0SnAMJ3AGAVxCHe6gASEQeIRneIU3T3kv3rv3MW9d8YqZI/gD7/MHpSyOsg==</latexit>

�0 ⇠ qf/µ
<latexit sha1_base64="g7M+5hhSATqgjZD67rclTgIlh/g=">AAAB+nicbVBNS8NAEJ34WetXrEcvi0XwVBMR1IsUvHisYGyhCWGz3bRLd5O4uxFL6F/x4kHFq7/Em//GbZuDtj4YeLw3w8y8KONMacf5tpaWV1bX1isb1c2t7Z1de692r9JcEuqRlKeyE2FFOUuop5nmtJNJikXEaTsaXk/89iOViqXJnR5lNBC4n7CYEayNFNo1Pxuw0PEVE+ghjE98kYd23Wk4U6BF4pakDiVaof3l91KSC5powrFSXdfJdFBgqRnhdFz1c0UzTIa4T7uGJlhQFRTT28foyCg9FKfSVKLRVP09UWCh1EhEplNgPVDz3kT8z+vmOr4ICpZkuaYJmS2Kc450iiZBoB6TlGg+MgQTycytiAywxESbuKomBHf+5UXinTYuG+7tWb15VaZRgQM4hGNw4RyacAMt8IDAEzzDK7xZY+vFerc+Zq1LVjmzD39gff4AtMSTww==</latexit><latexit sha1_base64="g7M+5hhSATqgjZD67rclTgIlh/g=">AAAB+nicbVBNS8NAEJ34WetXrEcvi0XwVBMR1IsUvHisYGyhCWGz3bRLd5O4uxFL6F/x4kHFq7/Em//GbZuDtj4YeLw3w8y8KONMacf5tpaWV1bX1isb1c2t7Z1de692r9JcEuqRlKeyE2FFOUuop5nmtJNJikXEaTsaXk/89iOViqXJnR5lNBC4n7CYEayNFNo1Pxuw0PEVE+ghjE98kYd23Wk4U6BF4pakDiVaof3l91KSC5powrFSXdfJdFBgqRnhdFz1c0UzTIa4T7uGJlhQFRTT28foyCg9FKfSVKLRVP09UWCh1EhEplNgPVDz3kT8z+vmOr4ICpZkuaYJmS2Kc450iiZBoB6TlGg+MgQTycytiAywxESbuKomBHf+5UXinTYuG+7tWb15VaZRgQM4hGNw4RyacAMt8IDAEzzDK7xZY+vFerc+Zq1LVjmzD39gff4AtMSTww==</latexit><latexit sha1_base64="g7M+5hhSATqgjZD67rclTgIlh/g=">AAAB+nicbVBNS8NAEJ34WetXrEcvi0XwVBMR1IsUvHisYGyhCWGz3bRLd5O4uxFL6F/x4kHFq7/Em//GbZuDtj4YeLw3w8y8KONMacf5tpaWV1bX1isb1c2t7Z1de692r9JcEuqRlKeyE2FFOUuop5nmtJNJikXEaTsaXk/89iOViqXJnR5lNBC4n7CYEayNFNo1Pxuw0PEVE+ghjE98kYd23Wk4U6BF4pakDiVaof3l91KSC5powrFSXdfJdFBgqRnhdFz1c0UzTIa4T7uGJlhQFRTT28foyCg9FKfSVKLRVP09UWCh1EhEplNgPVDz3kT8z+vmOr4ICpZkuaYJmS2Kc450iiZBoB6TlGg+MgQTycytiAywxESbuKomBHf+5UXinTYuG+7tWb15VaZRgQM4hGNw4RyacAMt8IDAEzzDK7xZY+vFerc+Zq1LVjmzD39gff4AtMSTww==</latexit><latexit sha1_base64="g7M+5hhSATqgjZD67rclTgIlh/g=">AAAB+nicbVBNS8NAEJ34WetXrEcvi0XwVBMR1IsUvHisYGyhCWGz3bRLd5O4uxFL6F/x4kHFq7/Em//GbZuDtj4YeLw3w8y8KONMacf5tpaWV1bX1isb1c2t7Z1de692r9JcEuqRlKeyE2FFOUuop5nmtJNJikXEaTsaXk/89iOViqXJnR5lNBC4n7CYEayNFNo1Pxuw0PEVE+ghjE98kYd23Wk4U6BF4pakDiVaof3l91KSC5powrFSXdfJdFBgqRnhdFz1c0UzTIa4T7uGJlhQFRTT28foyCg9FKfSVKLRVP09UWCh1EhEplNgPVDz3kT8z+vmOr4ICpZkuaYJmS2Kc450iiZBoB6TlGg+MgQTycytiAywxESbuKomBHf+5UXinTYuG+7tWb15VaZRgQM4hGNw4RyacAMt8IDAEzzDK7xZY+vFerc+Zq1LVjmzD39gff4AtMSTww==</latexit>

qi ! qf
<latexit sha1_base64="rDUJVVHm2nv8b6Q3V5jvH5zJgNY=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoF6k4MVjBWMLbQib7aZdutmkuxO1hP4VLx5UvPpLvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37P3qvU4yRZlHE5Godkg0E1wyDzgI1k4VI3EoWCscXk/91gNTmifyDsYp82PSlzzilICRArs6CnhX8f4AiFLJIx4FUWDXnLozA14mbkFqqEAzsL+6vYRmMZNABdG64zop+DlRwKlgk0o30ywldEj6rGOoJDHTfj67fYKPjdLDUaJMScAz9fdETmKtx3FoOmMCA73oTcX/vE4G0YWfc5lmwCSdL4oygSHB0yBwjytGQYwNIVRxcyumA6IIBRNXxYTgLr68TLzT+mXdvT2rNa6KNMroEB2hE+Sic9RAN6iJPETRE3pGr+jNmlgv1rv1MW8tWcXMAfoD6/MHrNmUYw==</latexit><latexit sha1_base64="rDUJVVHm2nv8b6Q3V5jvH5zJgNY=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoF6k4MVjBWMLbQib7aZdutmkuxO1hP4VLx5UvPpLvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37P3qvU4yRZlHE5Godkg0E1wyDzgI1k4VI3EoWCscXk/91gNTmifyDsYp82PSlzzilICRArs6CnhX8f4AiFLJIx4FUWDXnLozA14mbkFqqEAzsL+6vYRmMZNABdG64zop+DlRwKlgk0o30ywldEj6rGOoJDHTfj67fYKPjdLDUaJMScAz9fdETmKtx3FoOmMCA73oTcX/vE4G0YWfc5lmwCSdL4oygSHB0yBwjytGQYwNIVRxcyumA6IIBRNXxYTgLr68TLzT+mXdvT2rNa6KNMroEB2hE+Sic9RAN6iJPETRE3pGr+jNmlgv1rv1MW8tWcXMAfoD6/MHrNmUYw==</latexit><latexit sha1_base64="rDUJVVHm2nv8b6Q3V5jvH5zJgNY=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoF6k4MVjBWMLbQib7aZdutmkuxO1hP4VLx5UvPpLvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37P3qvU4yRZlHE5Godkg0E1wyDzgI1k4VI3EoWCscXk/91gNTmifyDsYp82PSlzzilICRArs6CnhX8f4AiFLJIx4FUWDXnLozA14mbkFqqEAzsL+6vYRmMZNABdG64zop+DlRwKlgk0o30ywldEj6rGOoJDHTfj67fYKPjdLDUaJMScAz9fdETmKtx3FoOmMCA73oTcX/vE4G0YWfc5lmwCSdL4oygSHB0yBwjytGQYwNIVRxcyumA6IIBRNXxYTgLr68TLzT+mXdvT2rNa6KNMroEB2hE+Sic9RAN6iJPETRE3pGr+jNmlgv1rv1MW8tWcXMAfoD6/MHrNmUYw==</latexit><latexit sha1_base64="rDUJVVHm2nv8b6Q3V5jvH5zJgNY=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoF6k4MVjBWMLbQib7aZdutmkuxO1hP4VLx5UvPpLvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37P3qvU4yRZlHE5Godkg0E1wyDzgI1k4VI3EoWCscXk/91gNTmifyDsYp82PSlzzilICRArs6CnhX8f4AiFLJIx4FUWDXnLozA14mbkFqqEAzsL+6vYRmMZNABdG64zop+DlRwKlgk0o30ywldEj6rGOoJDHTfj67fYKPjdLDUaJMScAz9fdETmKtx3FoOmMCA73oTcX/vE4G0YWfc5lmwCSdL4oygSHB0yBwjytGQYwNIVRxcyumA6IIBRNXxYTgLr68TLzT+mXdvT2rNa6KNMroEB2hE+Sic9RAN6iJPETRE3pGr+jNmlgv1rv1MW8tWcXMAfoD6/MHrNmUYw==</latexit>

[Kaloper, Sorbo, 2009]
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<latexit sha1_base64="by+zJUcHPWiF02Uf5UKIZSvqgh8="></latexit>



Planck and inflation

Monomial-type inflation models are in a 
tension with Planck tensor-to-scalar ratio.

Beyond quadratic potential for inflaton?



Beyond quadratic potential
• The shift symmetry is maintained for the 

non-minimal four-form coupling to inflaton. 

L =
p
�g


1

2

⇣
1 + ↵(µ�+ q)

⌘
R+

1

2
(⇣2 � ↵2)R2

<latexit sha1_base64="VpATiTQAA4NjFfm2NP5p61QuaiM="></latexit><latexit sha1_base64="VpATiTQAA4NjFfm2NP5p61QuaiM="></latexit><latexit sha1_base64="VpATiTQAA4NjFfm2NP5p61QuaiM="></latexit><latexit sha1_base64="VpATiTQAA4NjFfm2NP5p61QuaiM="></latexit>

�1

2
(@µ�)

2 � 1

2
(µ�+ q)2

�

<latexit sha1_base64="45j/nHIXunU74+OFdOSzO6g8tSI=">AAACKXicbVDLSsNAFJ3UV62vqks3g0WoiCUpgrqRihuXFYwtNDFMppN06OThzEQoId/jxl9x04WvrT/ipM2ith4YOJxzLnfucWNGhdT1L620tLyyulZer2xsbm3vVHf3HkSUcExMHLGId10kCKMhMSWVjHRjTlDgMtJxhze533kmXNAovJejmNgB8kPqUYykkpzq9anlcYRTI0ubGaxbMeKSIuZYQWLFA3r82ISziXqhnzwpx3Kp79tOtaY39AngIjEKUgMF2k51bPUjnAQklJghIXqGHks7zRdjRrKKlQgSIzxEPukpGqKACDudnJrBI6X0oRdx9UIJJ+rsRIoCIUaBq5IBkgMx7+Xif14vkd6FndIwTiQJ8XSRlzAoI5j3BvuUEyzZSBGEOVV/hXiAVDFStVtRJRjzJy8Ss9m4bBh3Z7XWVdFGGRyAQ1AHBjgHLXAL2sAEGLyAN/AOPrRXbax9at/TaEkrZvbBH2g/v3QwpkM=</latexit><latexit sha1_base64="45j/nHIXunU74+OFdOSzO6g8tSI=">AAACKXicbVDLSsNAFJ3UV62vqks3g0WoiCUpgrqRihuXFYwtNDFMppN06OThzEQoId/jxl9x04WvrT/ipM2ith4YOJxzLnfucWNGhdT1L620tLyyulZer2xsbm3vVHf3HkSUcExMHLGId10kCKMhMSWVjHRjTlDgMtJxhze533kmXNAovJejmNgB8kPqUYykkpzq9anlcYRTI0ubGaxbMeKSIuZYQWLFA3r82ISziXqhnzwpx3Kp79tOtaY39AngIjEKUgMF2k51bPUjnAQklJghIXqGHks7zRdjRrKKlQgSIzxEPukpGqKACDudnJrBI6X0oRdx9UIJJ+rsRIoCIUaBq5IBkgMx7+Xif14vkd6FndIwTiQJ8XSRlzAoI5j3BvuUEyzZSBGEOVV/hXiAVDFStVtRJRjzJy8Ss9m4bBh3Z7XWVdFGGRyAQ1AHBjgHLXAL2sAEGLyAN/AOPrRXbax9at/TaEkrZvbBH2g/v3QwpkM=</latexit><latexit sha1_base64="45j/nHIXunU74+OFdOSzO6g8tSI=">AAACKXicbVDLSsNAFJ3UV62vqks3g0WoiCUpgrqRihuXFYwtNDFMppN06OThzEQoId/jxl9x04WvrT/ipM2ith4YOJxzLnfucWNGhdT1L620tLyyulZer2xsbm3vVHf3HkSUcExMHLGId10kCKMhMSWVjHRjTlDgMtJxhze533kmXNAovJejmNgB8kPqUYykkpzq9anlcYRTI0ubGaxbMeKSIuZYQWLFA3r82ISziXqhnzwpx3Kp79tOtaY39AngIjEKUgMF2k51bPUjnAQklJghIXqGHks7zRdjRrKKlQgSIzxEPukpGqKACDudnJrBI6X0oRdx9UIJJ+rsRIoCIUaBq5IBkgMx7+Xif14vkd6FndIwTiQJ8XSRlzAoI5j3BvuUEyzZSBGEOVV/hXiAVDFStVtRJRjzJy8Ss9m4bBh3Z7XWVdFGGRyAQ1AHBjgHLXAL2sAEGLyAN/AOPrRXbax9at/TaEkrZvbBH2g/v3QwpkM=</latexit><latexit sha1_base64="45j/nHIXunU74+OFdOSzO6g8tSI=">AAACKXicbVDLSsNAFJ3UV62vqks3g0WoiCUpgrqRihuXFYwtNDFMppN06OThzEQoId/jxl9x04WvrT/ipM2ith4YOJxzLnfucWNGhdT1L620tLyyulZer2xsbm3vVHf3HkSUcExMHLGId10kCKMhMSWVjHRjTlDgMtJxhze533kmXNAovJejmNgB8kPqUYykkpzq9anlcYRTI0ubGaxbMeKSIuZYQWLFA3r82ISziXqhnzwpx3Kp79tOtaY39AngIjEKUgMF2k51bPUjnAQklJghIXqGHks7zRdjRrKKlQgSIzxEPukpGqKACDudnJrBI6X0oRdx9UIJJ+rsRIoCIUaBq5IBkgMx7+Xif14vkd6FndIwTiQJ8XSRlzAoI5j3BvuUEyzZSBGEOVV/hXiAVDFStVtRJRjzJy8Ss9m4bBh3Z7XWVdFGGRyAQ1AHBjgHLXAL2sAEGLyAN/AOPrRXbax9at/TaEkrZvbBH2g/v3QwpkM=</latexit>

dual-scalar from R2 can be decoupled.For ⇣ & ↵ and µ . MP ,
<latexit sha1_base64="3iDynfwvRa29KZDTwHn+2BYXAyE="></latexit><latexit sha1_base64="3iDynfwvRa29KZDTwHn+2BYXAyE="></latexit><latexit sha1_base64="3iDynfwvRa29KZDTwHn+2BYXAyE="></latexit><latexit sha1_base64="3iDynfwvRa29KZDTwHn+2BYXAyE="></latexit>

Effective action:

[HML, 2019]

Potential is flattened by conformal factor!

Lnm = � ↵
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✏µ⌫⇢�Fµ⌫⇢� R+

1

2
⇣2 R2

<latexit sha1_base64="cFTBD4JtxvyvhUagt9z+YGphHog="></latexit>

1

2↵2

<latexit sha1_base64="ggWwiCl8SLyuDLJpUmSBqCv9GjQ=">AAAAAHicbVDLSsNAFL3xWesr2qWbwSK4KkkotSspuHFZwT6giWUynbRDJw9mJkII8VfcuFDErR/izr9x+lho64ELh3Pu5d57/IQzqSzr29jY3Nre2S3tlfcPDo+OzZPTroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe3505uZ33ukQrI4uldZQr0QjyMWMIKVloZmxQ0EJrld5I6LeTLBD04xNKtWzWo4DbuJNJkD2aukCku0h+aXO4pJGtJIEY6lHNhWorwcC8UIp0XZTSVNMJniMR1oGuGQSi+fH1+gC62MUBALXZFCc/X3RI5DKbPQ150hVhO56s3E/7xBqoKml7MoSRWNyGJRkHKkYjRLAo2YoETxTBNMBNO3IjLBOg2l8yrrENZeXiddp2bXa9Zdvdq6XsZRgjM4h0uw4QpacAtt6ACBDJ7hFd6MJ+PFeDc+Fq0bxnKmAn9gfP4AoC2UvQ==</latexit>

�+ q/µ � 1/(↵µ)

<latexit sha1_base64="Zt36/9+3EP4IKTFCGNeiuzMBz8M=">AAAAAHicdVDLSgMxFM34rPU16rKbYBEqQjtpK+pGCm5cVrAP6Awlk2ZmQjMPk4xQShdu/BU3LhRx60e482/MtBVU9MCFk3PuJfceN+FMKsv6MBYWl5ZXVnNr+fWNza1tc2e3LeNUENoiMY9F18WSchbRlmKK024iKA5dTjvu8CLzO7dUSBZH12qUUCfEfsQ8RrDSUt8s2EnAjm4qdpjavg9RpWRjngRYvw/7ZtEqWxY6rlZhRmqoXs8IOkOoBpFWMhTBHM2++W4PYpKGNFKEYyl7yEqUM8ZCMcLpJG+nkiaYDLFPe5pGOKTSGU+PmMADrQygFwtdkYJT9fvEGIdSjkJXd4ZYBfK3l4l/eb1UeafOmEVJqmhEZh95KYcqhlkicMAEJYqPNMFEML0rJAEWmCidW16H8HUp/J+0q2VUL1tX9WLjfB5HDhTAPigBBE5AA1yCJmgBAu7AA3gCz8a98Wi8GK+z1gVjPrMHfsB4+wQg8pce</latexit>



Inflationary predictions
• Non-minimal four-form coupling makes the 

potential flat for ↵(µ�+ q) & 1.
<latexit sha1_base64="7PzZkz8RqJ9au8Y/OSaxiPCyXHQ=">AAACA3icbVBPS8MwHE3nvzn/VT3uEhzCRCitCOpFBl48TrBusJaRZukWlrQxSYVRdvDiV/HiQcWrX8Kb38Zs60E3HwQe770fv/xeJBhV2nW/rdLS8srqWnm9srG5tb1j7+7dqTSTmPg4ZalsR0gRRhPia6oZaQtJEI8YaUXDq4nfeiBS0TS51SNBQo76CY0pRtpIXbsaICYGqB7wLBADenx/FPS1iXPoOV275jruFHCReAWpgQLNrv0V9FKccZJozJBSHc8VOsyR1BQzMq4EmSIC4SHqk46hCeJEhfn0iDE8NEoPxqk0L9Fwqv6eyBFXasQjk+RID9S8NxH/8zqZjs/DnCYi0yTBs0VxxqBO4aQR2KOSYM1GhiAsqfkrxAMkEdamt4opwZs/eZH4J86F492c1hqXRRtlUAUHoA48cAYa4Bo0gQ8weATP4BW8WU/Wi/VufcyiJauY2Qd/YH3+AOIClyQ=</latexit><latexit sha1_base64="7PzZkz8RqJ9au8Y/OSaxiPCyXHQ=">AAACA3icbVBPS8MwHE3nvzn/VT3uEhzCRCitCOpFBl48TrBusJaRZukWlrQxSYVRdvDiV/HiQcWrX8Kb38Zs60E3HwQe770fv/xeJBhV2nW/rdLS8srqWnm9srG5tb1j7+7dqTSTmPg4ZalsR0gRRhPia6oZaQtJEI8YaUXDq4nfeiBS0TS51SNBQo76CY0pRtpIXbsaICYGqB7wLBADenx/FPS1iXPoOV275jruFHCReAWpgQLNrv0V9FKccZJozJBSHc8VOsyR1BQzMq4EmSIC4SHqk46hCeJEhfn0iDE8NEoPxqk0L9Fwqv6eyBFXasQjk+RID9S8NxH/8zqZjs/DnCYi0yTBs0VxxqBO4aQR2KOSYM1GhiAsqfkrxAMkEdamt4opwZs/eZH4J86F492c1hqXRRtlUAUHoA48cAYa4Bo0gQ8weATP4BW8WU/Wi/VufcyiJauY2Qd/YH3+AOIClyQ=</latexit><latexit sha1_base64="7PzZkz8RqJ9au8Y/OSaxiPCyXHQ=">AAACA3icbVBPS8MwHE3nvzn/VT3uEhzCRCitCOpFBl48TrBusJaRZukWlrQxSYVRdvDiV/HiQcWrX8Kb38Zs60E3HwQe770fv/xeJBhV2nW/rdLS8srqWnm9srG5tb1j7+7dqTSTmPg4ZalsR0gRRhPia6oZaQtJEI8YaUXDq4nfeiBS0TS51SNBQo76CY0pRtpIXbsaICYGqB7wLBADenx/FPS1iXPoOV275jruFHCReAWpgQLNrv0V9FKccZJozJBSHc8VOsyR1BQzMq4EmSIC4SHqk46hCeJEhfn0iDE8NEoPxqk0L9Fwqv6eyBFXasQjk+RID9S8NxH/8zqZjs/DnCYi0yTBs0VxxqBO4aQR2KOSYM1GhiAsqfkrxAMkEdamt4opwZs/eZH4J86F492c1hqXRRtlUAUHoA48cAYa4Bo0gQ8weATP4BW8WU/Wi/VufcyiJauY2Qd/YH3+AOIClyQ=</latexit><latexit sha1_base64="7PzZkz8RqJ9au8Y/OSaxiPCyXHQ=">AAACA3icbVBPS8MwHE3nvzn/VT3uEhzCRCitCOpFBl48TrBusJaRZukWlrQxSYVRdvDiV/HiQcWrX8Kb38Zs60E3HwQe770fv/xeJBhV2nW/rdLS8srqWnm9srG5tb1j7+7dqTSTmPg4ZalsR0gRRhPia6oZaQtJEI8YaUXDq4nfeiBS0TS51SNBQo76CY0pRtpIXbsaICYGqB7wLBADenx/FPS1iXPoOV275jruFHCReAWpgQLNrv0V9FKccZJozJBSHc8VOsyR1BQzMq4EmSIC4SHqk46hCeJEhfn0iDE8NEoPxqk0L9Fwqv6eyBFXasQjk+RID9S8NxH/8zqZjs/DnCYi0yTBs0VxxqBO4aQR2KOSYM1GhiAsqfkrxAMkEdamt4opwZs/eZH4J86F492c1hqXRRtlUAUHoA48cAYa4Bo0gQ8weATP4BW8WU/Wi/VufcyiJauY2Qd/YH3+AOIClyQ=</latexit>

Canonical field:

Number of efoldings:

cf. CMB:

ns = 0.966(0.972), r = 0.011(0.0086)
<latexit sha1_base64="+9C85aXvHR/2W1bkAQFMcaV2Bdc=">AAACDXicbVDLSgMxFM34rPU16tJNsBRakDJTpI+FUnDjsoJjC+0wZNK0Dc1khiQjlKFf4MZfceNCxa17d/6NmXYW2npCLodz7iW5x48Ylcqyvo219Y3Nre3cTn53b//g0Dw6vpdhLDBxcMhC0fWRJIxy4iiqGOlGgqDAZ6TjT65Tv/NAhKQhv1PTiLgBGnE6pBgpLXlmkXvy0qo0a7WSrvVq+byvDxRas2xba5bVqJU9s5CyFHCV2BkpgAxtz/zqD0IcB4QrzJCUPduKlJsgoShmZJbvx5JECE/QiPQ05Sgg0k3m68xgUSsDOAyFvlzBufp7IkGBlNPA150BUmO57KXif14vVsOGm1AexYpwvHhoGDOoQphmAwdUEKzYVBOEBdV/hXiMBMJKJ5jXIdjLK68Sp1ppVuzbi0LrKksjB07BGSgBG9RBC9yANnAABo/gGbyCN+PJeDHejY9F65qRzZyAPzA+fwB1xpY2</latexit><latexit sha1_base64="+9C85aXvHR/2W1bkAQFMcaV2Bdc=">AAACDXicbVDLSgMxFM34rPU16tJNsBRakDJTpI+FUnDjsoJjC+0wZNK0Dc1khiQjlKFf4MZfceNCxa17d/6NmXYW2npCLodz7iW5x48Ylcqyvo219Y3Nre3cTn53b//g0Dw6vpdhLDBxcMhC0fWRJIxy4iiqGOlGgqDAZ6TjT65Tv/NAhKQhv1PTiLgBGnE6pBgpLXlmkXvy0qo0a7WSrvVq+byvDxRas2xba5bVqJU9s5CyFHCV2BkpgAxtz/zqD0IcB4QrzJCUPduKlJsgoShmZJbvx5JECE/QiPQ05Sgg0k3m68xgUSsDOAyFvlzBufp7IkGBlNPA150BUmO57KXif14vVsOGm1AexYpwvHhoGDOoQphmAwdUEKzYVBOEBdV/hXiMBMJKJ5jXIdjLK68Sp1ppVuzbi0LrKksjB07BGSgBG9RBC9yANnAABo/gGbyCN+PJeDHejY9F65qRzZyAPzA+fwB1xpY2</latexit><latexit sha1_base64="+9C85aXvHR/2W1bkAQFMcaV2Bdc=">AAACDXicbVDLSgMxFM34rPU16tJNsBRakDJTpI+FUnDjsoJjC+0wZNK0Dc1khiQjlKFf4MZfceNCxa17d/6NmXYW2npCLodz7iW5x48Ylcqyvo219Y3Nre3cTn53b//g0Dw6vpdhLDBxcMhC0fWRJIxy4iiqGOlGgqDAZ6TjT65Tv/NAhKQhv1PTiLgBGnE6pBgpLXlmkXvy0qo0a7WSrvVq+byvDxRas2xba5bVqJU9s5CyFHCV2BkpgAxtz/zqD0IcB4QrzJCUPduKlJsgoShmZJbvx5JECE/QiPQ05Sgg0k3m68xgUSsDOAyFvlzBufp7IkGBlNPA150BUmO57KXif14vVsOGm1AexYpwvHhoGDOoQphmAwdUEKzYVBOEBdV/hXiMBMJKJ5jXIdjLK68Sp1ppVuzbi0LrKksjB07BGSgBG9RBC9yANnAABo/gGbyCN+PJeDHejY9F65qRzZyAPzA+fwB1xpY2</latexit><latexit sha1_base64="+9C85aXvHR/2W1bkAQFMcaV2Bdc=">AAACDXicbVDLSgMxFM34rPU16tJNsBRakDJTpI+FUnDjsoJjC+0wZNK0Dc1khiQjlKFf4MZfceNCxa17d/6NmXYW2npCLodz7iW5x48Ylcqyvo219Y3Nre3cTn53b//g0Dw6vpdhLDBxcMhC0fWRJIxy4iiqGOlGgqDAZ6TjT65Tv/NAhKQhv1PTiLgBGnE6pBgpLXlmkXvy0qo0a7WSrvVq+byvDxRas2xba5bVqJU9s5CyFHCV2BkpgAxtz/zqD0IcB4QrzJCUPduKlJsgoShmZJbvx5JECE/QiPQ05Sgg0k3m68xgUSsDOAyFvlzBufp7IkGBlNPA150BUmO57KXif14vVsOGm1AexYpwvHhoGDOoQphmAwdUEKzYVBOEBdV/hXiMBMJKJ5jXIdjLK68Sp1ppVuzbi0LrKksjB07BGSgBG9RBC9yANnAABo/gGbyCN+PJeDHejY9F65qRzZyAPzA+fwB1xpY2</latexit>

in perfect agreement with Planck
& observable in LiteBird, CMB S4, etc.

Inflationary observables:

(�, q/µ � 1/↵)

<latexit sha1_base64="bXB7kA0nmL06xDwhK8yjFNO8IeY=">AAAAAHicbVDLSsNAFJ3UV62vqBvBzWARKkibSLWupODGZQX7gCaUyXSSDJ0k48xEKKFu/BU3LhRx61+482+cPhbaeuDC4Zx7ufcejzMqlWV9G7ml5ZXVtfx6YWNza3vH3N1rySQVmDRxwhLR8ZAkjMakqahipMMFQZHHSNsbXI/99gMRkibxnRpy4kYoiKlPMVJa6pkHJYeH9PS+4kSpEwTQrjiI8RCd9MyiVbbOL2q2BTWZANrzpAhmaPTML6ef4DQiscIMSdm1La7cDAlFMSOjgpNKwhEeoIB0NY1RRKSbTT4YwWOt9KGfCF2xghP190SGIimHkac7I6RCOe+Nxf+8bqr8SzejMU8VifF0kZ8yqBI4jgP2qSBYsaEmCAuqb4U4RAJhpUMr6BAWXl4krbOyXS1bt9Vi/WoWRx4cgiNQAjaogTq4AQ3QBBg8gmfwCt6MJ+PFeDc+pq05YzazD/7A+PwBnGSVsg==</latexit>



Robustness of predictions

• Higher order corrections appear in the form,

⇤ = MP ,
<latexit sha1_base64="1OG5aBmvrvfTMcFLUWD9uApaqmM=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCBymJFNSDUvDiQaGCsYUmlM1m0y7dbMLuRiihf8OLBxWv/hpv/hu3bQ7aOrAwzMzjvZ0g5Uxp2/62SkvLK6tr5fXKxubW9k51d+9RJZkk1CUJT2QnwIpyJqirmea0k0qK44DTdjC8nvjtJyoVS8SDHqXUj3FfsIgRrI3kebcmGuLLu17rpFet2XV7CrRInILUoECrV/3ywoRkMRWacKxU17FT7edYakY4HVe8TNEUkyHu066hAsdU+fn05jE6MkqIokSaJzSaqr8nchwrNYoDk4yxHqh5byL+53UzHZ37ORNppqkgs0VRxpFO0KQAFDJJieYjQzCRzNyKyABLTLSpqWJKcOa/vEjc0/pF3blv1JpXRRtlOIBDOAYHzqAJN9ACFwik8Ayv8GZl1ov1bn3MoiWrmNmHP7A+fwBbMpDE</latexit><latexit sha1_base64="1OG5aBmvrvfTMcFLUWD9uApaqmM=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCBymJFNSDUvDiQaGCsYUmlM1m0y7dbMLuRiihf8OLBxWv/hpv/hu3bQ7aOrAwzMzjvZ0g5Uxp2/62SkvLK6tr5fXKxubW9k51d+9RJZkk1CUJT2QnwIpyJqirmea0k0qK44DTdjC8nvjtJyoVS8SDHqXUj3FfsIgRrI3kebcmGuLLu17rpFet2XV7CrRInILUoECrV/3ywoRkMRWacKxU17FT7edYakY4HVe8TNEUkyHu066hAsdU+fn05jE6MkqIokSaJzSaqr8nchwrNYoDk4yxHqh5byL+53UzHZ37ORNppqkgs0VRxpFO0KQAFDJJieYjQzCRzNyKyABLTLSpqWJKcOa/vEjc0/pF3blv1JpXRRtlOIBDOAYHzqAJN9ACFwik8Ayv8GZl1ov1bn3MoiWrmNmHP7A+fwBbMpDE</latexit><latexit sha1_base64="1OG5aBmvrvfTMcFLUWD9uApaqmM=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCBymJFNSDUvDiQaGCsYUmlM1m0y7dbMLuRiihf8OLBxWv/hpv/hu3bQ7aOrAwzMzjvZ0g5Uxp2/62SkvLK6tr5fXKxubW9k51d+9RJZkk1CUJT2QnwIpyJqirmea0k0qK44DTdjC8nvjtJyoVS8SDHqXUj3FfsIgRrI3kebcmGuLLu17rpFet2XV7CrRInILUoECrV/3ywoRkMRWacKxU17FT7edYakY4HVe8TNEUkyHu066hAsdU+fn05jE6MkqIokSaJzSaqr8nchwrNYoDk4yxHqh5byL+53UzHZ37ORNppqkgs0VRxpFO0KQAFDJJieYjQzCRzNyKyABLTLSpqWJKcOa/vEjc0/pF3blv1JpXRRtlOIBDOAYHzqAJN9ACFwik8Ayv8GZl1ov1bn3MoiWrmNmHP7A+fwBbMpDE</latexit><latexit sha1_base64="1OG5aBmvrvfTMcFLUWD9uApaqmM=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCBymJFNSDUvDiQaGCsYUmlM1m0y7dbMLuRiihf8OLBxWv/hpv/hu3bQ7aOrAwzMzjvZ0g5Uxp2/62SkvLK6tr5fXKxubW9k51d+9RJZkk1CUJT2QnwIpyJqirmea0k0qK44DTdjC8nvjtJyoVS8SDHqXUj3FfsIgRrI3kebcmGuLLu17rpFet2XV7CrRInILUoECrV/3ywoRkMRWacKxU17FT7edYakY4HVe8TNEUkyHu066hAsdU+fn05jE6MkqIokSaJzSaqr8nchwrNYoDk4yxHqh5byL+53UzHZ37ORNppqkgs0VRxpFO0KQAFDJJieYjQzCRzNyKyABLTLSpqWJKcOa/vEjc0/pF3blv1JpXRRtlOIBDOAYHzqAJN9ACFwik8Ayv8GZl1ov1bn3MoiWrmNmHP7A+fwBbMpDE</latexit>

Inflationary predictions remain unchanged 
for a wide range of parameter space. MPp

↵
⌧ MP

<latexit sha1_base64="3KCzAwHLPjItlu80RjdLEECYxxQ=">AAACCHicbVC7SgNBFJ31GeMramkzGASrsCuC2kjAxkaI4JpANoS7k9lkyOzDmbtCWLa18VdsLFRs/QQ7/8ZJsoUmHhg4nHMud+7xEyk02va3tbC4tLyyWlorr29sbm1XdnbvdJwqxl0Wy1i1fNBcioi7KFDyVqI4hL7kTX94OfabD1xpEUe3OEp4J4R+JALBAI3UrVAvUMCy624jzzx9rzDzQCYDyHNPSmrkbqVq1+wJ6DxxClIlBUz+y+vFLA15hEyC1m3HTrCTgULBJM/LXqp5AmwIfd42NIKQ6042uSSnh0bp0SBW5kVIJ+rviQxCrUehb5Ih4EDPemPxP6+dYnDWyUSUpMgjNl0UpJJiTMe10J5QnKEcGQJMCfNXygZgqkFTXtmU4MyePE/c49p5zbk5qdYvijZKZJ8ckCPikFNSJ1ekQVzCyCN5Jq/kzXqyXqx362MaXbCKmT3yB9bnD5Hqmm8=</latexit><latexit sha1_base64="3KCzAwHLPjItlu80RjdLEECYxxQ=">AAACCHicbVC7SgNBFJ31GeMramkzGASrsCuC2kjAxkaI4JpANoS7k9lkyOzDmbtCWLa18VdsLFRs/QQ7/8ZJsoUmHhg4nHMud+7xEyk02va3tbC4tLyyWlorr29sbm1XdnbvdJwqxl0Wy1i1fNBcioi7KFDyVqI4hL7kTX94OfabD1xpEUe3OEp4J4R+JALBAI3UrVAvUMCy624jzzx9rzDzQCYDyHNPSmrkbqVq1+wJ6DxxClIlBUz+y+vFLA15hEyC1m3HTrCTgULBJM/LXqp5AmwIfd42NIKQ6042uSSnh0bp0SBW5kVIJ+rviQxCrUehb5Ih4EDPemPxP6+dYnDWyUSUpMgjNl0UpJJiTMe10J5QnKEcGQJMCfNXygZgqkFTXtmU4MyePE/c49p5zbk5qdYvijZKZJ8ckCPikFNSJ1ekQVzCyCN5Jq/kzXqyXqx362MaXbCKmT3yB9bnD5Hqmm8=</latexit><latexit sha1_base64="3KCzAwHLPjItlu80RjdLEECYxxQ=">AAACCHicbVC7SgNBFJ31GeMramkzGASrsCuC2kjAxkaI4JpANoS7k9lkyOzDmbtCWLa18VdsLFRs/QQ7/8ZJsoUmHhg4nHMud+7xEyk02va3tbC4tLyyWlorr29sbm1XdnbvdJwqxl0Wy1i1fNBcioi7KFDyVqI4hL7kTX94OfabD1xpEUe3OEp4J4R+JALBAI3UrVAvUMCy624jzzx9rzDzQCYDyHNPSmrkbqVq1+wJ6DxxClIlBUz+y+vFLA15hEyC1m3HTrCTgULBJM/LXqp5AmwIfd42NIKQ6042uSSnh0bp0SBW5kVIJ+rviQxCrUehb5Ih4EDPemPxP6+dYnDWyUSUpMgjNl0UpJJiTMe10J5QnKEcGQJMCfNXygZgqkFTXtmU4MyePE/c49p5zbk5qdYvijZKZJ8ckCPikFNSJ1ekQVzCyCN5Jq/kzXqyXqx362MaXbCKmT3yB9bnD5Hqmm8=</latexit><latexit sha1_base64="3KCzAwHLPjItlu80RjdLEECYxxQ=">AAACCHicbVC7SgNBFJ31GeMramkzGASrsCuC2kjAxkaI4JpANoS7k9lkyOzDmbtCWLa18VdsLFRs/QQ7/8ZJsoUmHhg4nHMud+7xEyk02va3tbC4tLyyWlorr29sbm1XdnbvdJwqxl0Wy1i1fNBcioi7KFDyVqI4hL7kTX94OfabD1xpEUe3OEp4J4R+JALBAI3UrVAvUMCy624jzzx9rzDzQCYDyHNPSmrkbqVq1+wJ6DxxClIlBUz+y+vFLA15hEyC1m3HTrCTgULBJM/LXqp5AmwIfd42NIKQ6042uSSnh0bp0SBW5kVIJ+rviQxCrUehb5Ih4EDPemPxP6+dYnDWyUSUpMgjNl0UpJJiTMe10J5QnKEcGQJMCfNXygZgqkFTXtmU4MyePE/c49p5zbk5qdYvijZKZJ8ckCPikFNSJ1ekQVzCyCN5Jq/kzXqyXqx362MaXbCKmT3yB9bnD5Hqmm8=</latexit>

• Unitarity scale is of order Planck scale, being 
insensitive to four-form coupling.

: insensitive to  ↵µ.
<latexit sha1_base64="Pdho8+CJ1X/aro8huhzFyiDCSkI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUC9S8OKxgrHFJpTNdtMu3d2E3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmxRln2njet1NZWV1b36hu1ra2d3b36vsHDzrNFaEBSXmqOjHWlDNJA8MMp51MUSxiTtvx6Gbqt5+o0iyV92ac0UjggWQJI9hY6THEPBviUORur97wXG8GtEz8kjSgRKtX/wr7KckFlYZwrHXX9zITFVgZRjid1MJc0wyTER7QrqUSC6qjYnbxBJ1YpY+SVNmSBs3U3xMFFlqPRWw7BTZDvehNxf+8bm6Sy6hgMssNlWS+KMk5Mimavo/6TFFi+NgSTBSztyIyxAoTY0Oq2RD8xZeXSXDmXrn+3XmjeV2mUYUjOIZT8OECmnALLQiAgIRneIU3RzsvzrvzMW+tOOXMIfyB8/kDvNGQfA==</latexit><latexit sha1_base64="Pdho8+CJ1X/aro8huhzFyiDCSkI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUC9S8OKxgrHFJpTNdtMu3d2E3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmxRln2njet1NZWV1b36hu1ra2d3b36vsHDzrNFaEBSXmqOjHWlDNJA8MMp51MUSxiTtvx6Gbqt5+o0iyV92ac0UjggWQJI9hY6THEPBviUORur97wXG8GtEz8kjSgRKtX/wr7KckFlYZwrHXX9zITFVgZRjid1MJc0wyTER7QrqUSC6qjYnbxBJ1YpY+SVNmSBs3U3xMFFlqPRWw7BTZDvehNxf+8bm6Sy6hgMssNlWS+KMk5Mimavo/6TFFi+NgSTBSztyIyxAoTY0Oq2RD8xZeXSXDmXrn+3XmjeV2mUYUjOIZT8OECmnALLQiAgIRneIU3RzsvzrvzMW+tOOXMIfyB8/kDvNGQfA==</latexit><latexit sha1_base64="Pdho8+CJ1X/aro8huhzFyiDCSkI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUC9S8OKxgrHFJpTNdtMu3d2E3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmxRln2njet1NZWV1b36hu1ra2d3b36vsHDzrNFaEBSXmqOjHWlDNJA8MMp51MUSxiTtvx6Gbqt5+o0iyV92ac0UjggWQJI9hY6THEPBviUORur97wXG8GtEz8kjSgRKtX/wr7KckFlYZwrHXX9zITFVgZRjid1MJc0wyTER7QrqUSC6qjYnbxBJ1YpY+SVNmSBs3U3xMFFlqPRWw7BTZDvehNxf+8bm6Sy6hgMssNlWS+KMk5Mimavo/6TFFi+NgSTBSztyIyxAoTY0Oq2RD8xZeXSXDmXrn+3XmjeV2mUYUjOIZT8OECmnALLQiAgIRneIU3RzsvzrvzMW+tOOXMIfyB8/kDvNGQfA==</latexit><latexit sha1_base64="Pdho8+CJ1X/aro8huhzFyiDCSkI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUC9S8OKxgrHFJpTNdtMu3d2E3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmxRln2njet1NZWV1b36hu1ra2d3b36vsHDzrNFaEBSXmqOjHWlDNJA8MMp51MUSxiTtvx6Gbqt5+o0iyV92ac0UjggWQJI9hY6THEPBviUORur97wXG8GtEz8kjSgRKtX/wr7KckFlYZwrHXX9zITFVgZRjid1MJc0wyTER7QrqUSC6qjYnbxBJ1YpY+SVNmSBs3U3xMFFlqPRWw7BTZDvehNxf+8bm6Sy6hgMssNlWS+KMk5Mimavo/6TFFi+NgSTBSztyIyxAoTY0Oq2RD8xZeXSXDmXrn+3XmjeV2mUYUjOIZT8OECmnALLQiAgIRneIU3RzsvzrvzMW+tOOXMIfyB8/kDvNGQfA==</latexit>

Fµ⌫⇢� = (µ�+ q)✏µ⌫⇢�
<latexit sha1_base64="E93q4ytSsdbLsZ6GKeqdK133LYU="></latexit>



Model-indep. reheating
• Inflaton couples to the trace of energy-momentum 

tensor like dilaton, leading to perturbative reheating.

"Robust prediction for reheating”

cf.  But, reheating temperature can be higher.

Lint =
�

f�
Gµ⌫G̃

µ⌫ , f� < MP .
<latexit sha1_base64="AKSo288EMx3fcue+1P/qvRpmHus="></latexit><latexit sha1_base64="AKSo288EMx3fcue+1P/qvRpmHus="></latexit><latexit sha1_base64="AKSo288EMx3fcue+1P/qvRpmHus="></latexit><latexit sha1_base64="AKSo288EMx3fcue+1P/qvRpmHus="></latexit>

↵µ = 1 :
<latexit sha1_base64="P0WJJPfZYLGVaM4W1LDW0JNNNak=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyK4AOUgBePEVwTyC6hdzJJhszODvMQwpLf8OJBxatf482/cZLsQaMFDUVVN91dieRMG9//8kpLyyura+X1ysbm1vZOdXfvQWdWERqSjGeqnYCmnAkaGmY4bUtFIU04bSWjm6nfeqRKs0zcm7GkcQoDwfqMgHFSFAGXQ4hSexVcdqs1v+7PgP+SoCA1VKDZrX5GvYzYlApDOGjdCXxp4hyUYYTTSSWymkogIxjQjqMCUqrjfHbzBB85pYf7mXIlDJ6pPydySLUep4nrTMEM9aI3Ff/zOtb0z+OcCWkNFWS+qG85NhmeBoB7TFFi+NgRIIq5WzEZggJiXEwVF0Kw+PJfEp7UL+rB3WmtcV2kUUYH6BAdowCdoQa6RU0UIoIkekIv6NWz3rP35r3PW0teMbOPfsH7+AbHJZEK</latexit><latexit sha1_base64="P0WJJPfZYLGVaM4W1LDW0JNNNak=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyK4AOUgBePEVwTyC6hdzJJhszODvMQwpLf8OJBxatf482/cZLsQaMFDUVVN91dieRMG9//8kpLyyura+X1ysbm1vZOdXfvQWdWERqSjGeqnYCmnAkaGmY4bUtFIU04bSWjm6nfeqRKs0zcm7GkcQoDwfqMgHFSFAGXQ4hSexVcdqs1v+7PgP+SoCA1VKDZrX5GvYzYlApDOGjdCXxp4hyUYYTTSSWymkogIxjQjqMCUqrjfHbzBB85pYf7mXIlDJ6pPydySLUep4nrTMEM9aI3Ff/zOtb0z+OcCWkNFWS+qG85NhmeBoB7TFFi+NgRIIq5WzEZggJiXEwVF0Kw+PJfEp7UL+rB3WmtcV2kUUYH6BAdowCdoQa6RU0UIoIkekIv6NWz3rP35r3PW0teMbOPfsH7+AbHJZEK</latexit><latexit sha1_base64="P0WJJPfZYLGVaM4W1LDW0JNNNak=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyK4AOUgBePEVwTyC6hdzJJhszODvMQwpLf8OJBxatf482/cZLsQaMFDUVVN91dieRMG9//8kpLyyura+X1ysbm1vZOdXfvQWdWERqSjGeqnYCmnAkaGmY4bUtFIU04bSWjm6nfeqRKs0zcm7GkcQoDwfqMgHFSFAGXQ4hSexVcdqs1v+7PgP+SoCA1VKDZrX5GvYzYlApDOGjdCXxp4hyUYYTTSSWymkogIxjQjqMCUqrjfHbzBB85pYf7mXIlDJ6pPydySLUep4nrTMEM9aI3Ff/zOtb0z+OcCWkNFWS+qG85NhmeBoB7TFFi+NgRIIq5WzEZggJiXEwVF0Kw+PJfEp7UL+rB3WmtcV2kUUYH6BAdowCdoQa6RU0UIoIkekIv6NWz3rP35r3PW0teMbOPfsH7+AbHJZEK</latexit><latexit sha1_base64="P0WJJPfZYLGVaM4W1LDW0JNNNak=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyK4AOUgBePEVwTyC6hdzJJhszODvMQwpLf8OJBxatf482/cZLsQaMFDUVVN91dieRMG9//8kpLyyura+X1ysbm1vZOdXfvQWdWERqSjGeqnYCmnAkaGmY4bUtFIU04bSWjm6nfeqRKs0zcm7GkcQoDwfqMgHFSFAGXQ4hSexVcdqs1v+7PgP+SoCA1VKDZrX5GvYzYlApDOGjdCXxp4hyUYYTTSSWymkogIxjQjqMCUqrjfHbzBB85pYf7mXIlDJ6pPydySLUep4nrTMEM9aI3Ff/zOtb0z+OcCWkNFWS+qG85NhmeBoB7TFFi+NgRIIq5WzEZggJiXEwVF0Kw+PJfEp7UL+rB3WmtcV2kUUYH6BAdowCdoQa6RU0UIoIkekIv6NWz3rP35r3PW0teMbOPfsH7+AbHJZEK</latexit>

(W,Z, h)
<latexit sha1_base64="pCPoaNOtMgqIa4n7RWRxRuyRUCE=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCOpFCl48VjCm2Iay2W7apZtN2N0IJfRHePGg4tX/481/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2d3z94/eFBJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45NQPRzdT33+iUrFE3OtxSoMYDwSLGMHaSH7Nrz/Wh6c9u+o0nBnQMnELUoUCrZ791e0nJIup0IRjpTquk+ogx1Izwumk0s0UTTEZ4QHtGCpwTFWQz86doBOj9FGUSFNCo5n6eyLHsVLjODSdMdZDtehNxf+8TqajyyBnIs00FWS+KMo40gma/o76TFKi+dgQTCQztyIyxBITbRKqmBDcxZeXiXfWuGq4d+fV5nWRRhmO4Bhq4MIFNOEWWuABgRE8wyu8Wan1Yr1bH/PWklXMHMIfWJ8/KQeOUg==</latexit><latexit sha1_base64="pCPoaNOtMgqIa4n7RWRxRuyRUCE=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCOpFCl48VjCm2Iay2W7apZtN2N0IJfRHePGg4tX/481/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2d3z94/eFBJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45NQPRzdT33+iUrFE3OtxSoMYDwSLGMHaSH7Nrz/Wh6c9u+o0nBnQMnELUoUCrZ791e0nJIup0IRjpTquk+ogx1Izwumk0s0UTTEZ4QHtGCpwTFWQz86doBOj9FGUSFNCo5n6eyLHsVLjODSdMdZDtehNxf+8TqajyyBnIs00FWS+KMo40gma/o76TFKi+dgQTCQztyIyxBITbRKqmBDcxZeXiXfWuGq4d+fV5nWRRhmO4Bhq4MIFNOEWWuABgRE8wyu8Wan1Yr1bH/PWklXMHMIfWJ8/KQeOUg==</latexit><latexit sha1_base64="pCPoaNOtMgqIa4n7RWRxRuyRUCE=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCOpFCl48VjCm2Iay2W7apZtN2N0IJfRHePGg4tX/481/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2d3z94/eFBJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45NQPRzdT33+iUrFE3OtxSoMYDwSLGMHaSH7Nrz/Wh6c9u+o0nBnQMnELUoUCrZ791e0nJIup0IRjpTquk+ogx1Izwumk0s0UTTEZ4QHtGCpwTFWQz86doBOj9FGUSFNCo5n6eyLHsVLjODSdMdZDtehNxf+8TqajyyBnIs00FWS+KMo40gma/o76TFKi+dgQTCQztyIyxBITbRKqmBDcxZeXiXfWuGq4d+fV5nWRRhmO4Bhq4MIFNOEWWuABgRE8wyu8Wan1Yr1bH/PWklXMHMIfWJ8/KQeOUg==</latexit><latexit sha1_base64="pCPoaNOtMgqIa4n7RWRxRuyRUCE=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCOpFCl48VjCm2Iay2W7apZtN2N0IJfRHePGg4tX/481/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2d3z94/eFBJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45NQPRzdT33+iUrFE3OtxSoMYDwSLGMHaSH7Nrz/Wh6c9u+o0nBnQMnELUoUCrZ791e0nJIup0IRjpTquk+ogx1Izwumk0s0UTTEZ4QHtGCpwTFWQz86doBOj9FGUSFNCo5n6eyLHsVLjODSdMdZDtehNxf+8TqajyyBnIs00FWS+KMo40gma/o76TFKi+dgQTCQztyIyxBITbRKqmBDcxZeXiXfWuGq4d+fV5nWRRhmO4Bhq4MIFNOEWWuABgRE8wyu8Wan1Yr1bH/PWklXMHMIfWJ8/KQeOUg==</latexit>



Conclusions
• Cosmological relaxation of Higgs mass may be tied 

up with the cosmological constant problem.

• Models with non-minimal four-form coupling are the 
minimal setup for the relaxation of Higgs mass & the 
successful reheating.

• Minimal four-form couplings to extra scalars are also 
introduced for which the reheating temperature is 
of order weak scale.

• Non-minimal four-form coupling can extend the 
pseudo-scalar chaotic inflation beyond quadratic 
regime and robust predictions for inflation.


