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Supersymmetry and colleagues

• Scale invariance
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<latexit sha1_base64="yNjtDhyAHypSCgWP7zVASrFCPEk="></latexit><latexit sha1_base64="yNjtDhyAHypSCgWP7zVASrFCPEk="></latexit><latexit sha1_base64="yNjtDhyAHypSCgWP7zVASrFCPEk="></latexit><latexit sha1_base64="yNjtDhyAHypSCgWP7zVASrFCPEk="></latexit>

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>



• 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:

Supersymmetry and colleagues



SUSY at LHC



Other new physics

No convincing evidence for 
superparticles or new physics 

at a few TeV or below.
(except XENON1T, RK,RD,

Muon g-2, … ?)

Have we missed 
something or do we 

need new ideas?
[Ilten et al, 2016]



Visible Matter



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>

Higgs mass scans 
during inflation.

[P. Graham et al, 2015]

Back-reaction stabilizes Higgs mass:

No new physics needed 
up to high scale:

Physical parameters including Higgs 
mass evolve in the early Universe.

<latexit sha1_base64="GTTlt/Oizly4sGGu0ZMAakBNcwQ=">AAACCnicbVA7T8MwGHTKq5RXgJHFUCExVUmpgAVUqQwMDK1EH1ITIsdxWqvOA9tBiqLOLPwVFgYQYuUXsPFvcB9I0HKSpfPdfbK/c2NGhTSMLy23sLi0vJJfLaytb2xu6ds7LRElHJMmjljEOy4ShNGQNCWVjHRiTlDgMtJ2B7WR374nXNAovJFpTOwA9ULqU4ykkhx937pWYQ/dVs5T567/czt2MosHsFG7HDp60SgZY8B5Yk5JEUxRd/RPy4twEpBQYoaE6JpGLO0McUkxI8OClQgSIzxAPdJVNEQBEXY2XmUID5XiQT/i6oQSjtXfExkKhEgDVyUDJPti1huJ/3ndRPpndkbDOJEkxJOH/IRBGcFRL9CjnGDJUkUQ5lT9FeI+4ghL1V5BlWDOrjxPWuWSeVIqNyrF6sW0jjzYAwfgCJjgFFTBFaiDJsDgATyBF/CqPWrP2pv2PonmtOnMLvgD7eMb+2aZzQ==</latexit>

⇤4 = yqh⇤
3
QCD



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>

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: ⇤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 ]

• Multiple four-form fluxes allow for an accurate 
scanning of C.C. as observed.

[Bousso, Polchinski, 2000]



Membrane nucleation
• The four-form flux in 4D can produce a 

membrane with charge e, reducing by one unit.
[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>

[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>

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>

“Closed membrane” production:
Bounce action for “q-e inside and q outside”

Membrane production stops when C. C. 
is positive and the smallest.

With gravity  [~Thin-wall: Coleman, de Luccia, 1980]

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>

4D F-field



• Four-form fluxes are dynamical in higher dimensions, 
e.g. M2-brane and M5-brane in M-theory are sources 
for four-form fluxes.

M5-brane wrapped on 3-cycle:

Small membrane tension and charge 
for large volume (small M11) on 3-cycles. 

(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>

Small membrane charge is technically natural. 

UV origins 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>

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

R2

<latexit sha1_base64="a5iDsekilUZQuPkOWhFNq4Kwj1U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHqRgBeP8ZEHJEuYnfQmQ2Znl5lZIYR8ghcPinj1i7z5N06SPWhiQUNR1U13V5AIro3rfju5tfWNza38dmFnd2//oHh41NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbmt55QaR7LRzNO0I/oQPKQM2qs9HDfq/SKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZnzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQkv/QmXSWpQssWiMBXExGT2N+lzhcyIsSWUKW5vJWxIFWXGplOwIXjLL6+SZqXsVctXd9VS7TqLIw8ncArn4MEF1OAW6tAABgN4hld4c4Tz4rw7H4vWnJPNHMMfOJ8/1e2Ngw==</latexit>

V3

<latexit sha1_base64="mIAE87dQavQ9dcdLK/ymRWMA1WA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oF6k4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7lv983654lbdOchf4uWkAjka/fJnbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyYpUBCWNlSxoyV39OZDTSehIFtjOiZqSXvZn4n9dNTXjpZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2//Je0zqperXp1V6vUr/M4inAEx3AKHlxAHW6hAU1gMIQneIFXRzjPzpvzvmgtOPnMIfyC8/EN3YmNiA==</latexit>

cf. 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>

qN3+1 =
(2⇡)1/2

M3/2
11 V 1/2

7

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

• cf. 3-form fluxes for modulus stabilization in string theory.

• 4-form fluxes for scannable SUSY breaking.
cf.  Dudas et al, 1912.12839 

cf.  Giddings et al,  hep-th/0105037



Four-form landscape

qc � e

<latexit sha1_base64="MNFdkUEWu2wxz64AtHraUWbCM/E=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgp6k4MVjBfsBbSib7aRdutnE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNR/77AL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n82On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazz8mAK2RGTCyhTHF7K2EjqigzNp+SDcFbfnmVtC6rXq3q3tcq9Zs8jiKcwCmcgwdXUIc7aEATGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dlSOcA==</latexit>

Dark matter

Cosmological constantHiggs mass

Inflation

SUSY breaking

<latexit sha1_base64="mCyYqc9tWMfh3WjCwh8SuK3dPjg=">AAACHXicbVDJSgNBEO2JW4zbqEcvjUHwoGEmBPUkASF4jGAWyMTQ0+kkTXoZu3uEMMyPePFXvHhQxIMX8W/sLAdNfFDweK+KqnphxKg2nvftZJaWV1bXsuu5jc2t7R13d6+uZawwqWHJpGqGSBNGBakZahhpRoogHjLSCIdXY7/xQJSmUtyaUUTaHPUF7VGMjJU6binQ98okp/00OIGVThLwOBBxoAYy0LTPUVq5W9Q6bt4reBPAReLPSB7MUO24n0FX4pgTYTBDWrd8LzLtBClDMSNpLog1iRAeoj5pWSoQJ7qdTL5L4ZFVurAnlS1h4ET9PZEgrvWIh7aTIzPQ895Y/M9rxaZ30U6oiGJDBJ4u6sUMGgnHUcEuVQQbNrIEYUXtrRAPkELY2EBzNgR//uVFUi8W/LNC8aaUL1/O4siCA3AIjoEPzkEZXIMqqAEMHsEzeAVvzpPz4rw7H9PWjDOb2Qd/4Hz9AHOVo2c=</latexit>p
�g Fµ⌫⇢�F

µ⌫⇢�

<latexit sha1_base64="tgoRHFR5Xm8rKZfOCiJZ09rLfpA=">AAACI3icbVDJSgNBEO1xjXEb9eilMQgeJMwEUfEgAUFyjGAWyCRDT6eTNOll6O4RwiT/4sVf8eJBCV48+C92loMmPih4vFdFVb0oZlQbz/tyVlbX1jc2M1vZ7Z3dvX334LCqZaIwqWDJpKpHSBNGBakYahipx4ogHjFSi/p3E7/2RJSmUjyaQUyaHHUF7VCMjJVC9waHpeB8WBq2CvA+TAOeBCIJVE8GmnY5GgUk1pRJ0Vq2Qjfn5b0p4DLx5yQH5iiH7jhoS5xwIgxmSOuG78WmmSJlKGZklA0STWKE+6hLGpYKxIluptMfR/DUKm3YkcqWMHCq/p5IEdd6wCPbyZHp6UVvIv7nNRLTuW6mVMSJIQLPFnUSBo2Ek8BgmyqCDRtYgrCi9laIe0ghbGysWRuCv/jyMqkW8v5lvvBwkSvezuPIgGNwAs6AD65AEZRAGVQABs/gFbyDD+fFeXPGzuesdcWZzxyBP3C+fwAe9KXb</latexit>

cH |H|2Fµ⌫⇢�✏
µ⌫⇢�

<latexit sha1_base64="WppnhT+bo4kCuYuV0z77bahEO7Y=">AAACInicbVDLSgMxFM34rPU16tJNsAgupMwU8bGRgiAuK9gHdMaSSdM2NI8hyQhl6Le48VfcuFDUleDHmGlnoa0HLpyccy+590Qxo9p43pezsLi0vLJaWCuub2xubbs7uw0tE4VJHUsmVStCmjAqSN1Qw0grVgTxiJFmNLzK/OYDUZpKcWdGMQk56gvaoxgZK3Xci4AnQTygMDi+7qTZQySBGshA0z5H44DEmjIp7uetjlvyyt4EcJ74OSmBHLWO+xF0JU44EQYzpHXb92ITpkgZihkZF4NEkxjhIeqTtqUCcaLDdHLiGB5apQt7UtkSBk7U3xMp4lqPeGQ7OTIDPetl4n9eOzG98zClIk4MEXj6US9h0EiY5QW7VBFs2MgShBW1u0I8QAphY1Mt2hD82ZPnSaNS9k/LlduTUvUyj6MA9sEBOAI+OANVcANqoA4weATP4BW8OU/Oi/PufE5bF5x8Zg/8gfP9A/ncpdI=</latexit>

µ�Fµ⌫⇢�✏
µ⌫⇢�

<latexit sha1_base64="1qNU9OUymaN4xQyZaNQD6Svv6QA=">AAACIXicbVDJSgNBEO1xjXGLevTSGAQPIcwE0ZwkIIjHKGaBzDj0dHqSJr0M3T1CGPIrXvwVLx4UyU38GTvLQRMfFDzeq6KqXpQwqo3rfjkrq2vrG5u5rfz2zu7efuHgsKllqjBpYMmkakdIE0YFaRhqGGkniiAeMdKKBtcTv/VElKZSPJhhQgKOeoLGFCNjpbBQxaEH76Ffugkzn6e+SH3Vl76mPY5GPkk0ZVI8LlulsFB0y+4UcJl4c1IEc9TDwtjvSpxyIgxmSOuO5yYmyJAyFDMyyvupJgnCA9QjHUsF4kQH2fTDETy1ShfGUtkSBk7V3xMZ4loPeWQ7OTJ9vehNxP+8TmriapBRkaSGCDxbFKcMGgknccEuVQQbNrQEYUXtrRD3kULY2FDzNgRv8eVl0qyUvYty5e68WLuax5EDx+AEnAEPXIIauAV10AAYPINX8A4+nBfnzfl0xrPWFWc+cwT+wPn+Aac/pH4=</latexit>

c1RFµ⌫⇢�✏
µ⌫⇢�,

Physical parameters depend on four-form fluxes:
~ Four-form landscape



Four-form flux for 
Higgs mass



Four-form coupling to Higgs
• Introduce  a “dimensionless” four-form coupling to 

the SM Higgs, scanning the Higgs mass parameter.

LH = M
2|H|2 � �H |H|4 � cH

24
✏
µ⌫⇢�

Fµ⌫⇢� |H|2 � cH

6
@µ

⇣
✏
µ⌫⇢�|H|2A⌫⇢�

⌘
.

<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
.

<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, 2003; Giudice, Kehagias, Riotto, 2019; 
Kaloper, Westphal, 2019;  HML, 2019]



Higgs mass/CC scanning

�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]

Higgs mass parameter is relaxed 
to a correct value when C. C. 

stops changing near zero.

C.C.

Higgs mass

Membrane charge



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>

Bound on reheating: ⇢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>

Four-form & energy bound



Need of reheating dynamics

• Both Higgs mass & C.C. can settle to 
observed values but the universe would be 
empty due to the series of dS phases.

• We also need a new field for density perturbations.

• Long duration for nucleation would make the 
Universe settles down to minimum quickly and 
dilute previously produced particles.

Reheating mechanism needed.

<latexit sha1_base64="oHB468VhtulUu8kUGd+4F+OW1GI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvPRYwX5AG8tmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZK7Z4QpP542S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOyVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhDd+xmWSGpRssShMBTExmf1OBlwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfWuqu79ZaV2m8dRhBM4hXPw4BpqUIcGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9jI47u</latexit>

⌧ H
4



Particle production from vacuum
• Change of vacuum states with flux-dependent Higgs 

VEV produce particles by “non-adiabatic process”.
[Giudice, Kehagias, Riotto, 2019]

Particle production is sensitive 
to speed of transition.

 :
<latexit sha1_base64="jMpnI00SyP1ue2oJUamNW3xR/6Y=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRWfC2k4MZlBfuANpTJdNIOmSTDzEQooR/hxoUibv0ed/6NkzSIWg9cOJxzL/fe4wnOlLbtT6u0tLyyulZer2xsbm3vVHf3OipOJKFtEvNY9jysKGcRbWumOe0JSXHocdr1gpvM7z5QqVgc3eupoG6IxxHzGcHaSN1BgIXAV8Nqza7bOdAicQpSgwKtYfVjMIpJEtJIE46V6ju20G6KpWaE01llkCgqMAnwmPYNjXBIlZvm587QkVFGyI+lqUijXP05keJQqWnomc4Q64n662Xif14/0f6Fm7JIJJpGZL7ITzjSMcp+RyMmKdF8aggmkplbEZlgiYk2CVXyEC4znH2/vEg6J3WnUW/cndaa10UcZTiAQzgGB86hCbfQgjYQCOARnuHFEtaT9Wq9zVtLVjGzD79gvX8BLQ6Plg==</latexit> Last nucleation rate

nP =
NP

2⇡2
T

3
e↵ I(

mP

Te↵
), Te↵ =

H

2⇡
.

<latexit sha1_base64="XD+QQA3c8EI6Tp+z3JFIWGPrWSc="></latexit>

[Giudice, HML, Shakya,
unpublished]

“Effective temperature”

m
2
P =

1

2
g
2
P v

2
⇣
1 + tanh(H t)

⌘
,

<latexit sha1_base64="ATPcZhcGhScXx6YADdljemzEIWM="></latexit>

mP = 0 ! mP = gP v

<latexit sha1_base64="lLNRx2jYfCTo/m61gxVdGSTOnLo=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokU1IVScOMygn1AG8JkOkmHTmbCzKRSSsGNv+LGhSJu/Ql3/o2TNgttPXDhcM693HtPmDKqtON8W0vLK6tr66WN8ubW9s6uvbffVCKTmDSwYEK2Q6QIo5w0NNWMtFNJUBIy0goHN7nfGhKpqOD3epQSP0ExpxHFSBspsA+TwLtyupLGfY2kFA8wF+LAg8PArjhVZwq4SNyCVEABL7C/uj2Bs4RwjRlSquM6qfbHSGqKGZmUu5kiKcIDFJOOoRwlRPnj6Q8TeGKUHoyENMU1nKq/J8YoUWqUhKYzQbqv5r1c/M/rZDq68MeUp5kmHM8WRRmDWsA8ENijkmDNRoYgLKm5FeI+kghrE1vZhODOv7xImmdVt1a9vKtV6tdFHCVwBI7BKXDBOaiDW+CBBsDgETyDV/BmPVkv1rv1MWtdsoqZA/AH1ucP4iGXCg==</latexit>

e.g. bosons:



Reheating from trap
• Inflaton is stuck at false vacuum in dS phases.

Inflaton tunnels to true vacuum only after last nucleation,
and 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>

Selfish Higgs HI =
VI

3M2
P

< e ⇠ (100GeV)2

<latexit sha1_base64="+WychB89iJCZ3RwYJtdnULcMIK4="></latexit>



Reheating from displacement

�⇤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

Shifted minimum (physical observables); 
Latent heat after last transition (for reheating)

[Bousso, Polchinski, 2000; 
HML 2019]

“Flux-reheating field” “SM coupling”



Four-form portals 
for cosmology



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>

Gravity Four-form coupling Higher curvature 
term for stability

Make the flux parameter q dynamical: extra scalar field!

[HML, 2019]

Extra scalar is responsible for inflation and reheating.

<latexit sha1_base64="Jh/ypRrNDjh/KneIku0fMw0YxOU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mkmCfkSHkoecUWOlB9av90tlt+LOQVaJl5My5Gj0S1+9QczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6RRuCt/zyKmlVK95VpXp/Wa7d5nEU4BTO4AI8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcPpI2l</latexit>cH

Non-tachyonic scalar:
<latexit sha1_base64="XsqiuOaae3psx6RO/ikxeYzz9CM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hd1F1FMIePEYwTwg2YTZSW8yZPbhTG8ghnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rbX1jc2t7dxOfndv/+CwcHRc13GqONR4LGPV9JkGKSKooUAJzUQBC30JDX94O/MbI1BaxNEDjhPwQtaPRCA4QyN57SdA1nHLvON2nW6haJfsOegqcTJSJBmq3cJXuxfzNIQIuWRatxw7QW/CFAouYZpvpxoSxoesDy1DIxaC9ibzo6f03Cg9GsTKVIR0rv6emLBQ63Hom86Q4UAvezPxP6+VYnDjTUSUpAgRXywKUkkxprMEaE8o4CjHhjCuhLmV8gFTjKPJKW9CcJZfXiV1t+Rcldz7y2KlnMWRI6fkjFwQh1yTCrkjVVIjnDySZ/JK3qyR9WK9Wx+L1jUrmzkhf2B9/gCtGJFg</latexit>

⇣2 > c21



Reheating potential
• The effective scalar potential in Einstein frame.

[HML, 2019]

EWSB

:  Flux-dep. C.C.

:  Flux-dep. minimum

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

Potential parameters are flux-dependent.



Reheating from displacement
• Scalar VEV shifts after the last nucleation:

Large initial potential energy:

Four-form coupling reheats the 
Universe to a sufficiently high 

temperature.

. eqc ⇠ (TeVMP )
2

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

<latexit sha1_base64="s+PIQs93FayAsxQow5nBbzmlvfQ=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBg4SZIOpFCXjJRYhgFkji0NPpSZr0LHb3CHEY/BUvHhTx6n9482/sJHPQxAcFj/eqqKrnRpxJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOr8Z+84EKycLgVo0i2vVxP2AeI1hpyTH37h1y0fEEJsn1XTlNiFNNjx2zaJWsCdA8sTNShAw1x/zq9EIS+zRQhGMp27YVqW6ChWKE07TQiSWNMBniPm1rGmCfym4yuT5Fh1rpIS8UugKFJurviQT7Uo58V3f6WA3krDcW//PasfLOuwkLoljRgEwXeTFHKkTjKFCPCUoUH2mCiWD6VkQGWEehdGAFHYI9+/I8aZRL9mmpfHNSrFxmceRhHw7gCGw4gwpUoQZ1IPAIz/AKb8aT8WK8Gx/T1pyRzezCHxifP+7elOE=</latexit>

qc =
M2

cH
,

<latexit sha1_base64="msCvkYDF7rhcDOCgsXWPhaju5SA=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktol6UgpceK7htoV1KNs22odlkSbKFsvQ3ePGgiFd/kDf/jWm7B219MPB4b4aZeWHCmTau++0UNja3tneKu6W9/YPDo/LxSUvLVBHqE8ml6oRYU84E9Q0znHYSRXEcctoOxw9zvz2hSjMpnsw0oUGMh4JFjGBjJX/Sb9y5/XLFrboLoHXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTWamXappgMsZD2rVU4JjqIFscO0MXVhmgSCpbwqCF+nsiw7HW0zi0nTE2I73qzcX/vG5qotsgYyJJDRVkuShKOTISzT9HA6YoMXxqCSaK2VsRGWGFibH5lGwI3urL66RVq3rX1drjVaV+n8dRhDM4h0vw4Abq0IAm+ECAwTO8wpsjnBfn3flYthacfOYU/sD5/AEeIo45</latexit>

vH = 0

<latexit sha1_base64="0JHpzgN7b/cLlw12euKFNOz2uSg=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgQcNuEPWiBLx4jGAekCxhdtKbDJl9ZGZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y4sFV9q2v63cyura+kZ+s7C1vbO7V9w/aKgokQzrLBKRbHlUoeAh1jXXAluxRBp4Apve8G7qN59QKh6Fj3ocoxvQfsh9zqg2Umt0M+qyczzrFkt22Z6BLBMnIyXIUOsWvzq9iCUBhpoJqlTbsWPtplRqzgROCp1EYUzZkPaxbWhIA1RuOrt3Qk6M0iN+JE2FmszU3xMpDZQaB57pDKgeqEVvKv7ntRPtX7spD+NEY8jmi/xEEB2R6fOkxyUyLcaGUCa5uZWwAZWUaRNRwYTgLL68TBqVsnNZrjxclKq3WRx5OIJjOAUHrqAK91CDOjAQ8Ayv8GaNrBfr3fqYt+asbOYQ/sD6/AE3Oo9s</latexit>q = qc � e,

<latexit sha1_base64="6S1RSl+ubAAhMXXL8nGCLwEZKzs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kkCXnKMYB6SLGF20psMmZ1dZ2YDIeQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkRwbVz321lb39jc2s7t5Hf39g8OC0fHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkM72Z+c4RK81g+mHGCfkT7koecUWOlx1G32pH4RNxuoeiW3DnIKvEyUoQMtW7hq9OLWRqhNExQrduemxh/QpXhTOA030k1JpQNaR/blkoaofYn84On5NwqPRLGypY0ZK7+npjQSOtxFNjOiJqBXvZm4n9eOzXhjT/hMkkNSrZYFKaCmJjMvic9rpAZMbaEMsXtrYQNqKLM2IzyNgRv+eVV0iiXvKtS+f6yWLnN4sjBKZzBBXhwDRWoQg3qwCCCZ3iFN0c5L86787FoXXOymRP4A+fzBwaDj+Q=</latexit>

vH 6= 0
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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>

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>



Dark matter production
• Perturbative decays of singlet scalar produce 

dark matter with gravity coupling only. [HML, 2019]

- Scalar dark matter:

- Fermion dark matter:

⇢DM = BR�̄ · ⇢�̄, ⇢�̄ = ⇢R :

<latexit sha1_base64="VuO64kk25Dt2nJjS3vs24tjUrbA="></latexit>

YDM =
⇢DM

s(TR)
=

4

3
BR�̄

TRH

m�̄
.

<latexit sha1_base64="KGvzlf2Ge6gtv+EkiR/viyrpBgY="></latexit>

“TeV DM”

“Light DM”

�(�̄ ! SS) =
m3

�̄

48⇡M2
P

,

<latexit sha1_base64="ZyX9Qyuj/7ri2PSZ2RizvnE6ROY="></latexit>

�(�̄ ! �̄�) =
m2

�m�̄

48⇡M2
P

,

<latexit sha1_base64="ouU9GSoA5wSBM7Baw95xc5rRrCQ="></latexit>

Chiral suppression!

Large BR!

<latexit sha1_base64="AglZ5Zd2/KLWaG0Bu7LfFSChJTA=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmKqCspuOmygn1AG8JkOmmHTh7MTISQxl9x40IRt36IO//GaZuFth64cDjnXu69x4s5k8qyvo3SxubW9k55t7K3f3B4ZB6fdGWUCEI7JOKR6HtYUs5C2lFMcdqPBcWBx2nPm97N/d4jFZJF4YNKY+oEeBwynxGstOSa1aEvMMnsPJsR10bEbc1y16xZdWsBtE7sgtSgQNs1v4ajiCQBDRXhWMqBbcXKybBQjHCaV4aJpDEmUzymA01DHFDpZIvjc3SulRHyI6ErVGih/p7IcCBlGni6M8BqIle9ufifN0iUf+NkLIwTRUOyXOQnHKkIzZNAIyYoUTzVBBPB9K2ITLBOQ+m8KjoEe/XlddJt1O2reuP+sta8LeIowymcwQXYcA1NaEEbOkAghWd4hTfjyXgx3o2PZWvJKGaq8AfG5w9nG5Sa</latexit>

1

|c1cH |

<latexit sha1_base64="AglZ5Zd2/KLWaG0Bu7LfFSChJTA=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmKqCspuOmygn1AG8JkOmmHTh7MTISQxl9x40IRt36IO//GaZuFth64cDjnXu69x4s5k8qyvo3SxubW9k55t7K3f3B4ZB6fdGWUCEI7JOKR6HtYUs5C2lFMcdqPBcWBx2nPm97N/d4jFZJF4YNKY+oEeBwynxGstOSa1aEvMMnsPJsR10bEbc1y16xZdWsBtE7sgtSgQNs1v4ajiCQBDRXhWMqBbcXKybBQjHCaV4aJpDEmUzymA01DHFDpZIvjc3SulRHyI6ErVGih/p7IcCBlGni6M8BqIle9ufifN0iUf+NkLIwTRUOyXOQnHKkIzZNAIyYoUTzVBBPB9K2ITLBOQ+m8KjoEe/XlddJt1O2reuP+sta8LeIowymcwQXYcA1NaEEbOkAghWd4hTfjyXgx3o2PZWvJKGaq8AfG5w9nG5Sa</latexit>

1

|c1cH |

<latexit sha1_base64="TkACLDwWdFEb0SJ5A33+61qTXBg="></latexit>

�(�̄ ! hh) =
3c21c

2
H

64⇡

m3
�̄

M2
P<latexit sha1_base64="dUh/AMFNFM1saNjCDicGyeSQP5I="></latexit>

BR�̄ ' �(�̄ ! �̄�)/�(�̄ ! hh) =
4

9c21c
2
H

m2
�

m2
�̄

<latexit sha1_base64="7CTr++XmAZfZRGB6i68MhUBukwg=">AAACGnicbVC7TsMwFHXKq5RXgJHFokJiqpKq4rGgCpaOBdGH1ITIcZ3Wqp0E20GqonwHC7/CwgBCbIiFv8FpO0DLkex7dM69su/xY0alsqxvo7C0vLK6VlwvbWxube+Yu3ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fijq9zvPBAhaRTeqnFMXI4GIQ0oRkpLnmmnjuDw8ibzUsdHwpF0wFGmCyf3TiAQTmtZeo7vqp4N87uReWbZqlgTwEViz0gZzND0zE+nH+GEk1BhhqTs2Vas3BQJRTEjWclJJIkRHqEB6WkaIk6km05Wy+CRVvowiIQ+oYIT9fdEiriUY+7rTo7UUM57ufif10tUcOamNIwTRUI8fShIGFQRzHOCfSoIVmysCcKC6r9CPEQ6EKXTLOkQ7PmVF0m7WrFPKtXrWrl+MYujCA7AITgGNjgFddAATdACGDyCZ/AK3own48V4Nz6mrQVjNrMP/sD4+gEgPqDh</latexit>

BR�̄ ' 4

9c21c
2
H

No chiral suppression!



Pseudo-scalar for inflation
• Pseudo-scalar scalar with four-form 

coupling leads to quadratic inflation.

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>

with 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>

[Kaloper, Sorbo, 2009]

Linf = �1

2
(@µ�)

2 +
µ

24
✏µ⌫⇢� Fµ⌫⇢� �

<latexit sha1_base64="by+zJUcHPWiF02Uf5UKIZSvqgh8="></latexit>

But, quadratic inflation is ruled out by Planck observation.

Lnm = � ↵

24
✏µ⌫⇢�Fµ⌫⇢� R+

1

2
⇣2 R2

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

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>

Higgs, Starobinsky-like inflation with plateau at large fields! 

[HML, 2019]
• Generalize four-form couplings with shift symmetry:



Planck and PS inflation

CMB normalization:

Inflationary predictions agree with Planck.

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>

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>

keep a single pseudo-scalar inflation.

Inflaton potential:

(Canonical inflaton: )



Pseudo-scalar for reheating
• Introduce a pseudo-scalar as reheating field.

�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>

[HML, 2019]

<latexit sha1_base64="vpCYDauHOThH8wYCTyphAYY2pMI=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiSi6EoKbly4qGAf0IQymU7aoZNJmIdQQ7/EjQtF3Pop7vwbp20W2nrgwuGce7n3nijjTGnP+3ZWVtfWNzZLW+Xtnd29irt/0FKpkYQ2ScpT2YmwopwJ2tRMc9rJJMVJxGk7Gt1M/fYjlYql4kGPMxomeCBYzAjWVuq5lTwgmKO7SaBMpqjuuVWv5s2AlolfkCoUaPTcr6CfEpNQoQnHSnV9L9NhjqVmhNNJOTCKZpiM8IB2LRU4oSrMZ4dP0IlV+ihOpS2h0Uz9PZHjRKlxEtnOBOuhWvSm4n9e1+j4KsyZyIymgswXxYYjnaJpCqjPJCWajy3BRDJ7KyJDLDHRNquyDcFffHmZtM5q/kXNuz+v1q+LOEpwBMdwCj5cQh1uoQFNIGDgGV7hzXlyXpx352PeuuIUM4fwB87nD9XtkzE=</latexit>

L �

<latexit sha1_base64="vpCYDauHOThH8wYCTyphAYY2pMI=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiSi6EoKbly4qGAf0IQymU7aoZNJmIdQQ7/EjQtF3Pop7vwbp20W2nrgwuGce7n3nijjTGnP+3ZWVtfWNzZLW+Xtnd29irt/0FKpkYQ2ScpT2YmwopwJ2tRMc9rJJMVJxGk7Gt1M/fYjlYql4kGPMxomeCBYzAjWVuq5lTwgmKO7SaBMpqjuuVWv5s2AlolfkCoUaPTcr6CfEpNQoQnHSnV9L9NhjqVmhNNJOTCKZpiM8IB2LRU4oSrMZ4dP0IlV+ihOpS2h0Uz9PZHjRKlxEtnOBOuhWvSm4n9e1+j4KsyZyIymgswXxYYjnaJpCqjPJCWajy3BRDJ7KyJDLDHRNquyDcFffHmZtM5q/kXNuz+v1q+LOEpwBMdwCj5cQh1uoQFNIGDgGV7hzXlyXpx352PeuuIUM4fwB87nD9XtkzE=</latexit>

L �

• VEV shifts after last nucleation:
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>

EWSB

<latexit sha1_base64="oL4H9RZecK36U3oOecwz0rtit48=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4kJIUUTdKwY3LCvYBbQiT6bQdOpmEmUmlxH6KGxeKuPVL3Pk3TtostPXA5R7OuZe5c4KYM6Ud59taWV1b39gsbBW3d3b39u3SQVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bweg281tjKhWLxIOexNQL8UCwPiNYG8m3S2O/Gw/Z9dhPs35Gpr5ddirODGiZuDkpQ466b391exFJQio04VipjuvE2kux1IxwOi12E0VjTEZ4QDuGChxS5aWz06foxCg91I+kKaHRTP29keJQqUkYmMkQ66Fa9DLxP6+T6P6VlzIRJ5oKMn+on3CkI5TlgHpMUqL5xBBMJDO3IjLEEhNt0iqaENzFLy+TZrXiXlSq9+fl2k0eRwGO4BhOwYVLqMEd1KEBBB7hGV7hzXqyXqx362M+umLlO4fwB9bnD0XMlAA=</latexit>v� = v�,c

<latexit sha1_base64="JCXIDoWfXXwdh1f/LrTgff4r2o4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4kJIUUTdKwY3LCvYBbQiT6bQdOpmEmUmlxH6KGxeKuPVL3Pk3TtostPXA5R7OuZe5c4KYM6Ud59taWV1b39gsbBW3d3b39u3SQVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bweg281tjKhWLxIOexNQL8UCwPiNYG8m3S2O/Gw/Z9dhPs37mTH277FScGdAycXNShhx13/7q9iKShFRowrFSHdeJtZdiqRnhdFrsJorGmIzwgHYMFTikyktnp0/RiVF6qB9JU0Kjmfp7I8WhUpMwMJMh1kO16GXif14n0f0rL2UiTjQVZP5QP+FIRyjLAfWYpETziSGYSGZuRWSIJSbapFU0IbiLX14mzWrFvahU78/LtZs8jgIcwTGcgguXUIM7qEMDCDzCM7zCm/VkvVjv1sd8dMXKdw7hD6zPH/g+k80=</latexit>v� = v�,0

<latexit sha1_base64="7JkU3hbXrjokL7UdEfh5kosZV/Q="></latexit>
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Initial vacuum 
energy:

<latexit sha1_base64="+038CBtY01bkxLatVKul6wvDHjI=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSEmKqCspuLDLKn1BE8JkOmmHziRhZiKUkJUbf8WNC0Xc+g3u/BunaRbaeuDC4Zx7ufceP2ZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/I6NEYNLGEYtEz0eSMBqStqKKkV4sCOI+I11/fDP1uw9ESBqFLTWJicvRMKQBxUhpyTOPWl7qCA7vG5kjKYe2ZTlnuXJLOplnVqyqlQMuErsgFVCg6ZlfziDCCSehwgxJ2betWLkpEopiRrKyk0gSIzxGQ9LXNEScSDfN38jgiVYGMIiErlDBXP09kSIu5YT7upMjNZLz3lT8z+snKrhyUxrGiSIhni0KEgZVBKeZwAEVBCs20QRhQfWtEI+QQFjp5Mo6BHv+5UXSqVXti2rt7rxSvy7iKIFDcAxOgQ0uQR00QBO0AQaP4Bm8gjfjyXgx3o2PWeuSUcwcgD8wPn8AJ5qXow==</latexit>

TRH ⇠ 100GeVFour-form coupling reheats!



Flux-mediated dark matter
• Four-form couplings communicate dark matter 

via pseudo-scalar field:  "four-form portal”
[HML, 2019; Y. Kang, HML, 
A. Menkara, J. Song, 2021]

Fermion dark matter: LDM =
im�

f
� �̄�5�� 1

2
c2µ�h

2

<latexit sha1_base64="LeaKlZmnpuPoLYIHtIK7COKFB/o="></latexit>

x
�

<latexit sha1_base64="mBqtRoeQ9M1ywm25vkw2WQFZ+ik=">AAAAAHicdVBNSwMxEM3Wr1q/qh69BIvgqSS11p6k4MVjBWsL7VKyabYbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmBYngxiL04RVWVtfWN4qbpa3tnd298v7BnYlTTVmHxiLWvYAYJrhiHcutYL1EMyIDwbrB5Cr3u/dMGx6rWztNmC/JWPGQU2JzaZBEfFiuoCpCNdw4gznBzSbKCcYNfA6xU3JUwBLtYfl9MIppKpmyVBBj+hgl1s+ItpwKNisNUsMSQidkzPqOKiKZ8bP5rTN44pQRDGPtSlk4V79PZEQaM5WB65TERua3l4t/ef3Uhk0/4ypJLVN0sShMBbQxzB+HI64ZtWLqCKGau1shjYgm1Lp4Si6Er0/h/+SuVsX1KrqpV1qXyziK4Agcg1OAwQVogWvQBh1AQQQewBN49qT36L14r4vWgrecOQQ/4L19AlFNjmk=</latexit>

h

<latexit sha1_base64="Dj5Qt4TnMAUlKdr5iOyaZ+LIM5A=">AAAAAHicdVDLSgNBEJz1GeMr6tHLYBA8hZkYY04S8OIxAfOAZAmzk95kzOyDmVkhLPkCLx4U8eonefNvnE0iqGhBQ1HVTXeXF0uhDSEfzsrq2vrGZm4rv72zu7dfODhs6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kOvM796C0iMJbM43BDdgoFL7gzFipOR4UiqRESJlWz3FGaK1GMkJplV5gapUMRbREY1B47w8jngQQGi6Z1j1KYuOmTBnBJczy/URDzPiEjaBnacgC0G46P3SGT60yxH6kbIUGz9XvEykLtJ4Gnu0MmBnr314m/uX1EuPX3FSEcWIg5ItFfiKxiXD2NR4KBdzIqSWMK2FvxXzMFOPGZpO3IXx9iv8n7XKJVkqkWSnWr5Zx5NAxOkFniKJLVEc3qIFaiCNAD+gJPTt3zqPz4rwuWlec5cwR+gHn7RMLzY0W</latexit>

�

<latexit sha1_base64="I05vOgdYYHxxT7Ods0SIouWaBFk=">AAAAAHicdVBNSwMxEM3Wr1q/qh69BIvgqSS11p6k4MVjBWsL7VKyabYbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmBYngxiL04RVWVtfWN4qbpa3tnd298v7BnYlTTVmHxiLWvYAYJrhiHcutYL1EMyIDwbrB5Cr3u/dMGx6rWztNmC/JWPGQU2JzaUAjPixXUBWhGm6cwZzgZhPlBOMGPofYKTkqYIn2sPw+GMU0lUxZKogxfYwS62dEW04Fm5UGqWEJoRMyZn1HFZHM+Nn81hk8ccoIhrF2pSycq98nMiKNmcrAdUpiI/Pby8W/vH5qw6afcZWklim6WBSmAtoY5o/DEdeMWjF1hFDN3a2QRkQTal08JRfC16fwf3JXq+J6Fd3UK63LZRxFcASOwSnA4AK0wDVogw6gIAIP4Ak8e9J79F6810VrwVvOHIIf8N4+AT1/jlw=</latexit>

�̄

<latexit sha1_base64="hkj7gm468pXZGHCwRoxG3FBiJuA=">AAAAAHicdVBNSwMxEJ2tX7V+VT16CRbBU9nUWnuSghePFewHdpeSTdM2NJtdkqxQlv4LLx4U8eq/8ea/MdtWUNEHA4/3ZpiZF8SCa+O6H05uZXVtfSO/Wdja3tndK+4ftHWUKMpaNBKR6gZEM8ElaxluBOvGipEwEKwTTK4yv3PPlOaRvDXTmPkhGUk+5JQYK92lXkCUR8d81i+W3LLrVnDtDGUE1+tuRjCu4XOErZKhBEs0+8V3bxDRJGTSUEG07mE3Nn5KlOFUsFnBSzSLCZ2QEetZKknItJ/OL56hE6sM0DBStqRBc/X7REpCradhYDtDYsb6t5eJf3m9xAzrfsplnBgm6WLRMBHIRCh7Hw24YtSIqSWEKm5vRXRMFKHGhlSwIXx9iv4n7UoZV8vuTbXUuFzGkYcjOIZTwHABDbiGJrSAgoQHeIJnRzuPzovzumjNOcuZQ/gB5+0TAvmRIQ==</latexit>

SM

SM

Mixing between pseudo-scalar and Higgs fields.

Unsuppressed s-wave 
for indirect detection.

Velocity suppressed 
for direct detection 

�5

<latexit sha1_base64="52Swqa8UmG8RfFn0XlxFBbezGV8=">AAAAAHicdVDLSgMxFM3UV62vqks3wSK4Kklta1dScOOygn1AO5ZMmmlDk8yYZIRS+hNuXCji1t9x59+YaSuo6IELh3Pu5d57glhwYxH68DIrq2vrG9nN3Nb2zu5efv+gZaJEU9akkYh0JyCGCa5Y03IrWCfWjMhAsHYwvkz99j3Thkfqxk5i5ksyVDzklFgndXpDIiW5rfTzBVREqISrZzAluFZDKcG4iisQOyVFASzR6Offe4OIJpIpSwUxpotRbP0p0ZZTwWa5XmJYTOiYDFnXUUUkM/50fu8MnjhlAMNIu1IWztXvE1MijZnIwHVKYkfmt5eKf3ndxIY1f8pVnFim6GJRmAhoI5g+DwdcM2rFxBFCNXe3QjoimlDrIsq5EL4+hf+TVqmIy0V0XS7UL5ZxZMEROAanAINzUAdXoAGagAIBHsATePbuvEfvxXtdtGa85cwh+AHv7RPyhY/m</latexit>

<latexit sha1_base64="MELjGHIHjsJtCgOo738Wpu0A3Qg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvPRY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDfz209cGxGrR5wk3I/oUIlQMIpWemD9er9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpXVff+slK7zeMowgmcwjl4cA01qEMDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wcOrI2i</latexit>cH

q q

�

<latexit sha1_base64="mBqtRoeQ9M1ywm25vkw2WQFZ+ik=">AAAAAHicdVBNSwMxEM3Wr1q/qh69BIvgqSS11p6k4MVjBWsL7VKyabYbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmBYngxiL04RVWVtfWN4qbpa3tnd298v7BnYlTTVmHxiLWvYAYJrhiHcutYL1EMyIDwbrB5Cr3u/dMGx6rWztNmC/JWPGQU2JzaZBEfFiuoCpCNdw4gznBzSbKCcYNfA6xU3JUwBLtYfl9MIppKpmyVBBj+hgl1s+ItpwKNisNUsMSQidkzPqOKiKZ8bP5rTN44pQRDGPtSlk4V79PZEQaM5WB65TERua3l4t/ef3Uhk0/4ypJLVN0sShMBbQxzB+HI64ZtWLqCKGau1shjYgm1Lp4Si6Er0/h/+SuVsX1KrqpV1qXyziK4Agcg1OAwQVogWvQBh1AQQQewBN49qT36L14r4vWgrecOQQ/4L19AlFNjmk=</latexit>

x
h

<latexit sha1_base64="Dj5Qt4TnMAUlKdr5iOyaZ+LIM5A=">AAAAAHicdVDLSgNBEJz1GeMr6tHLYBA8hZkYY04S8OIxAfOAZAmzk95kzOyDmVkhLPkCLx4U8eonefNvnE0iqGhBQ1HVTXeXF0uhDSEfzsrq2vrGZm4rv72zu7dfODhs6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kOvM796C0iMJbM43BDdgoFL7gzFipOR4UiqRESJlWz3FGaK1GMkJplV5gapUMRbREY1B47w8jngQQGi6Z1j1KYuOmTBnBJczy/URDzPiEjaBnacgC0G46P3SGT60yxH6kbIUGz9XvEykLtJ4Gnu0MmBnr314m/uX1EuPX3FSEcWIg5ItFfiKxiXD2NR4KBdzIqSWMK2FvxXzMFOPGZpO3IXx9iv8n7XKJVkqkWSnWr5Zx5NAxOkFniKJLVEc3qIFaiCNAD+gJPTt3zqPz4rwuWlec5cwR+gHn7RMLzY0W</latexit>

�5

<latexit sha1_base64="52Swqa8UmG8RfFn0XlxFBbezGV8=">AAAAAHicdVDLSgMxFM3UV62vqks3wSK4Kklta1dScOOygn1AO5ZMmmlDk8yYZIRS+hNuXCji1t9x59+YaSuo6IELh3Pu5d57glhwYxH68DIrq2vrG9nN3Nb2zu5efv+gZaJEU9akkYh0JyCGCa5Y03IrWCfWjMhAsHYwvkz99j3Thkfqxk5i5ksyVDzklFgndXpDIiW5rfTzBVREqISrZzAluFZDKcG4iisQOyVFASzR6Offe4OIJpIpSwUxpotRbP0p0ZZTwWa5XmJYTOiYDFnXUUUkM/50fu8MnjhlAMNIu1IWztXvE1MijZnIwHVKYkfmt5eKf3ndxIY1f8pVnFim6GJRmAhoI5g+DwdcM2rFxBFCNXe3QjoimlDrIsq5EL4+hf+TVqmIy0V0XS7UL5ZxZMEROAanAINzUAdXoAGagAIBHsATePbuvEfvxXtdtGa85cwh+AHv7RPyhY/m</latexit>
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<latexit sha1_base64="I05vOgdYYHxxT7Ods0SIouWaBFk=">AAAAAHicdVBNSwMxEM3Wr1q/qh69BIvgqSS11p6k4MVjBWsL7VKyabYbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmBYngxiL04RVWVtfWN4qbpa3tnd298v7BnYlTTVmHxiLWvYAYJrhiHcutYL1EMyIDwbrB5Cr3u/dMGx6rWztNmC/JWPGQU2JzaUAjPixXUBWhGm6cwZzgZhPlBOMGPofYKTkqYIn2sPw+GMU0lUxZKogxfYwS62dEW04Fm5UGqWEJoRMyZn1HFZHM+Nn81hk8ccoIhrF2pSycq98nMiKNmcrAdUpiI/Pby8W/vH5qw6afcZWklim6WBSmAtoY5o/DEdeMWjF1hFDN3a2QRkQTal08JRfC16fwf3JXq+J6Fd3UK63LZRxFcASOwSnA4AK0wDVogw6gIAIP4Ak8e9J79F6810VrwVvOHIIf8N4+AT1/jlw=</latexit>
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<latexit sha1_base64="I05vOgdYYHxxT7Ods0SIouWaBFk=">AAAAAHicdVBNSwMxEM3Wr1q/qh69BIvgqSS11p6k4MVjBWsL7VKyabYbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmBYngxiL04RVWVtfWN4qbpa3tnd298v7BnYlTTVmHxiLWvYAYJrhiHcutYL1EMyIDwbrB5Cr3u/dMGx6rWztNmC/JWPGQU2JzaUAjPixXUBWhGm6cwZzgZhPlBOMGPofYKTkqYIn2sPw+GMU0lUxZKogxfYwS62dEW04Fm5UGqWEJoRMyZn1HFZHM+Nn81hk8ccoIhrF2pSycq98nMiKNmcrAdUpiI/Pby8W/vH5qw6afcZWklim6WBSmAtoY5o/DEdeMWjF1hFDN3a2QRkQTal08JRfC16fwf3JXq+J6Fd3UK63LZRxFcASOwSnA4AK0wDVogw6gIAIP4Ak8e9J79F6810VrwVvOHIIf8N4+AT1/jlw=</latexit>



Relic

XENON1T

FermiLAT(bb)

AMS-02 p excess(bb)

|cHμ|/mh1=1

|cHμ|/mh1=0.1

LEP

10 102 103

10-2

10-1

1

mh1(GeV)

θ(
q c
-e

)

mχ=70 GeV, β=10-5, f=126 GeV

Relic

XENON1TFermiLAT(bb)

Γinv

LEP

10 102

10-3

10-2

10-1

1

mχ(GeV)
θ(
q
c
-e

)

mh1=50 GeV, β=1.5x10-4, mχ/f=0.645

Bounds on four-form portals

DM annihilation into a pair of 
pseudo-scalars is p-wave suppressed 

but crucial for relic density.
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<latexit sha1_base64="I05vOgdYYHxxT7Ods0SIouWaBFk=">AAAAAHicdVBNSwMxEM3Wr1q/qh69BIvgqSS11p6k4MVjBWsL7VKyabYbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmBYngxiL04RVWVtfWN4qbpa3tnd298v7BnYlTTVmHxiLWvYAYJrhiHcutYL1EMyIDwbrB5Cr3u/dMGx6rWztNmC/JWPGQU2JzaUAjPixXUBWhGm6cwZzgZhPlBOMGPofYKTkqYIn2sPw+GMU0lUxZKogxfYwS62dEW04Fm5UGqWEJoRMyZn1HFZHM+Nn81hk8ccoIhrF2pSycq98nMiKNmcrAdUpiI/Pby8W/vH5qw6afcZWklim6WBSmAtoY5o/DEdeMWjF1hFDN3a2QRkQTal08JRfC16fwf3JXq+J6Fd3UK63LZRxFcASOwSnA4AK0wDVogw6gIAIP4Ak8e9J79F6810VrwVvOHIIf8N4+AT1/jlw=</latexit>
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<latexit sha1_base64="hkj7gm468pXZGHCwRoxG3FBiJuA=">AAAAAHicdVBNSwMxEJ2tX7V+VT16CRbBU9nUWnuSghePFewHdpeSTdM2NJtdkqxQlv4LLx4U8eq/8ea/MdtWUNEHA4/3ZpiZF8SCa+O6H05uZXVtfSO/Wdja3tndK+4ftHWUKMpaNBKR6gZEM8ElaxluBOvGipEwEKwTTK4yv3PPlOaRvDXTmPkhGUk+5JQYK92lXkCUR8d81i+W3LLrVnDtDGUE1+tuRjCu4XOErZKhBEs0+8V3bxDRJGTSUEG07mE3Nn5KlOFUsFnBSzSLCZ2QEetZKknItJ/OL56hE6sM0DBStqRBc/X7REpCradhYDtDYsb6t5eJf3m9xAzrfsplnBgm6WLRMBHIRCh7Hw24YtSIqSWEKm5vRXRMFKHGhlSwIXx9iv4n7UoZV8vuTbXUuFzGkYcjOIZTwHABDbiGJrSAgoQHeIJnRzuPzovzumjNOcuZQ/gB5+0TAvmRIQ==</latexit>
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<latexit sha1_base64="mBqtRoeQ9M1ywm25vkw2WQFZ+ik=">AAAAAHicdVBNSwMxEM3Wr1q/qh69BIvgqSS11p6k4MVjBWsL7VKyabYbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmBYngxiL04RVWVtfWN4qbpa3tnd298v7BnYlTTVmHxiLWvYAYJrhiHcutYL1EMyIDwbrB5Cr3u/dMGx6rWztNmC/JWPGQU2JzaZBEfFiuoCpCNdw4gznBzSbKCcYNfA6xU3JUwBLtYfl9MIppKpmyVBBj+hgl1s+ItpwKNisNUsMSQidkzPqOKiKZ8bP5rTN44pQRDGPtSlk4V79PZEQaM5WB65TERua3l4t/ef3Uhk0/4ypJLVN0sShMBbQxzB+HI64ZtWLqCKGau1shjYgm1Lp4Si6Er0/h/+SuVsX1KrqpV1qXyziK4Agcg1OAwQVogWvQBh1AQQQewBN49qT36L14r4vWgrecOQQ/4L19AlFNjmk=</latexit>
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<latexit sha1_base64="mBqtRoeQ9M1ywm25vkw2WQFZ+ik=">AAAAAHicdVBNSwMxEM3Wr1q/qh69BIvgqSS11p6k4MVjBWsL7VKyabYbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmBYngxiL04RVWVtfWN4qbpa3tnd298v7BnYlTTVmHxiLWvYAYJrhiHcutYL1EMyIDwbrB5Cr3u/dMGx6rWztNmC/JWPGQU2JzaZBEfFiuoCpCNdw4gznBzSbKCcYNfA6xU3JUwBLtYfl9MIppKpmyVBBj+hgl1s+ItpwKNisNUsMSQidkzPqOKiKZ8bP5rTN44pQRDGPtSlk4V79PZEQaM5WB65TERua3l4t/ef3Uhk0/4ypJLVN0sShMBbQxzB+HI64ZtWLqCKGau1shjYgm1Lp4Si6Er0/h/+SuVsX1KrqpV1qXyziK4Agcg1OAwQVogWvQBh1AQQQewBN49qT36L14r4vWgrecOQQ/4L19AlFNjmk=</latexit>



Conclusions
• Four-form flux scans Higgs mass and cosmological 

constant at the same time, with nucleation of weak-
scale membrane charges.

• Sufficient reheating can be achieved by the displacement 
of an extra scalar field after membrane nucleation.

• Non-minimal coupling four-form coupling to gravity 
realizes reheating and non-thermal production of dark 
matter.

• Pseudo-scalar field with four-form couplings can lead to 
consistent inflation and mediate thermal dark matter. 



Four-form landscape
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<latexit sha1_base64="MNFdkUEWu2wxz64AtHraUWbCM/E=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgp6k4MVjBfsBbSib7aRdutnE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNR/77AL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n82On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazz8mAK2RGTCyhTHF7K2EjqigzNp+SDcFbfnmVtC6rXq3q3tcq9Zs8jiKcwCmcgwdXUIc7aEATGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dlSOcA==</latexit>

Dark matter
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<latexit sha1_base64="mCyYqc9tWMfh3WjCwh8SuK3dPjg=">AAACHXicbVDJSgNBEO2JW4zbqEcvjUHwoGEmBPUkASF4jGAWyMTQ0+kkTXoZu3uEMMyPePFXvHhQxIMX8W/sLAdNfFDweK+KqnphxKg2nvftZJaWV1bXsuu5jc2t7R13d6+uZawwqWHJpGqGSBNGBakZahhpRoogHjLSCIdXY7/xQJSmUtyaUUTaHPUF7VGMjJU6binQ98okp/00OIGVThLwOBBxoAYy0LTPUVq5W9Q6bt4reBPAReLPSB7MUO24n0FX4pgTYTBDWrd8LzLtBClDMSNpLog1iRAeoj5pWSoQJ7qdTL5L4ZFVurAnlS1h4ET9PZEgrvWIh7aTIzPQ895Y/M9rxaZ30U6oiGJDBJ4u6sUMGgnHUcEuVQQbNrIEYUXtrRAPkELY2EBzNgR//uVFUi8W/LNC8aaUL1/O4siCA3AIjoEPzkEZXIMqqAEMHsEzeAVvzpPz4rw7H9PWjDOb2Qd/4Hz9AHOVo2c=</latexit>p
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<latexit sha1_base64="tgoRHFR5Xm8rKZfOCiJZ09rLfpA=">AAACI3icbVDJSgNBEO1xjXEb9eilMQgeJMwEUfEgAUFyjGAWyCRDT6eTNOll6O4RwiT/4sVf8eJBCV48+C92loMmPih4vFdFVb0oZlQbz/tyVlbX1jc2M1vZ7Z3dvX334LCqZaIwqWDJpKpHSBNGBakYahipx4ogHjFSi/p3E7/2RJSmUjyaQUyaHHUF7VCMjJVC9waHpeB8WBq2CvA+TAOeBCIJVE8GmnY5GgUk1pRJ0Vq2Qjfn5b0p4DLx5yQH5iiH7jhoS5xwIgxmSOuG78WmmSJlKGZklA0STWKE+6hLGpYKxIluptMfR/DUKm3YkcqWMHCq/p5IEdd6wCPbyZHp6UVvIv7nNRLTuW6mVMSJIQLPFnUSBo2Ek8BgmyqCDRtYgrCi9laIe0ghbGysWRuCv/jyMqkW8v5lvvBwkSvezuPIgGNwAs6AD65AEZRAGVQABs/gFbyDD+fFeXPGzuesdcWZzxyBP3C+fwAe9KXb</latexit>
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<latexit sha1_base64="WppnhT+bo4kCuYuV0z77bahEO7Y=">AAACInicbVDLSgMxFM34rPU16tJNsAgupMwU8bGRgiAuK9gHdMaSSdM2NI8hyQhl6Le48VfcuFDUleDHmGlnoa0HLpyccy+590Qxo9p43pezsLi0vLJaWCuub2xubbs7uw0tE4VJHUsmVStCmjAqSN1Qw0grVgTxiJFmNLzK/OYDUZpKcWdGMQk56gvaoxgZK3Xci4AnQTygMDi+7qTZQySBGshA0z5H44DEmjIp7uetjlvyyt4EcJ74OSmBHLWO+xF0JU44EQYzpHXb92ITpkgZihkZF4NEkxjhIeqTtqUCcaLDdHLiGB5apQt7UtkSBk7U3xMp4lqPeGQ7OTIDPetl4n9eOzG98zClIk4MEXj6US9h0EiY5QW7VBFs2MgShBW1u0I8QAphY1Mt2hD82ZPnSaNS9k/LlduTUvUyj6MA9sEBOAI+OANVcANqoA4weATP4BW8OU/Oi/PufE5bF5x8Zg/8gfP9A/ncpdI=</latexit>
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<latexit sha1_base64="1qNU9OUymaN4xQyZaNQD6Svv6QA=">AAACIXicbVDJSgNBEO1xjXGLevTSGAQPIcwE0ZwkIIjHKGaBzDj0dHqSJr0M3T1CGPIrXvwVLx4UyU38GTvLQRMfFDzeq6KqXpQwqo3rfjkrq2vrG5u5rfz2zu7efuHgsKllqjBpYMmkakdIE0YFaRhqGGkniiAeMdKKBtcTv/VElKZSPJhhQgKOeoLGFCNjpbBQxaEH76Ffugkzn6e+SH3Vl76mPY5GPkk0ZVI8LlulsFB0y+4UcJl4c1IEc9TDwtjvSpxyIgxmSOuO5yYmyJAyFDMyyvupJgnCA9QjHUsF4kQH2fTDETy1ShfGUtkSBk7V3xMZ4loPeWQ7OTJ9vehNxP+8TmriapBRkaSGCDxbFKcMGgknccEuVQQbNrQEYUXtrRD3kULY2FDzNgRv8eVl0qyUvYty5e68WLuax5EDx+AEnAEPXIIauAV10AAYPINX8A4+nBfnzfl0xrPWFWc+cwT+wPn+Aac/pH4=</latexit>
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Physical parameters depend on four-form fluxes:
~ Four-form landscape


