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1980 You will find new physics at LEP



1980 You will find new physics at LEP

1990 You will find new physics at the Tevatron



1980 You will find new physics at LEP

1990 You will find new physics at the Tevatron

2000 You will certainly find new physics at the LHC, 

it’s now or never



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

<latexit sha1_base64="MPoYa8CriJ7zB1oD7EVJu9kmyMM=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgapgRqXZXdOPCRQX7kHYsmUymDU0yQ5IRSulXuHGhiFs/x51/Y/oQfB4IHM45l9x7wpQzbTzv3cktLC4tr+RXC2vrG5tbxe2dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4HziN++o0iyR12aY0kDgnmQxI9hY6aZzaaMRvj3uFkueW/H8StlHv4nvelOUYI5at/jWiRKSCSoN4Vjrtu+lJhhhZRjhdFzoZJqmmAxwj7YtlVhQHYymC4/RgVUiFCfKPmnQVP06McJC66EIbVJg09c/vYn4l9fOTHwajJhMM0MlmX0UZxyZBE2uRxFTlBg+tAQTxeyuiPSxwsTYjgq2hM9L0f+kceT6Zde7Oi5Vz+Z15GEP9uEQfDiBKlxADepAQMA9PMKTo5wH59l5mUVzznxmF77Bef0AqxSQVg==</latexit>

⇤4

Cosmological Constant

Theory ~ 10   Experiment120 Theory~10  Experiment34

<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

Higgs Mass Squared



Causally Disconnected 
Universes with different 
values of the Standard 

Model parameters, 
populated by eternal 

inflation

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v



1. One day it can be 
tested experimentally 


2. Currently our most 
concrete explanation 
for the cosmological 
constant


3. It probably exists 
independently of the 
problem 

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v



<latexit sha1_base64="memQAs+Bvw+oEqmOCJc8nSwN9lU=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARBGGYKd42QtGNG6GCvUA7Dpk004YmmSHJCGXoc7jxVdy4UMSduPFtTNtZaOsPgZ/vnMPJ+cOEUaVd99sqLCwuLa8UV0tr6xubW/b2TkPFqcSkjmMWy1aIFGFUkLqmmpFWIgniISPNcHA1rjcfiFQ0Fnd6mBCfo56gEcVIGxTYHg/69xV4AVHgwZsg60gOa2xk0JFBlVnkOE5gl13HnQjOGy83ZZCrFtifnW6MU06Exgwp1fbcRPsZkppiRkalTqpIgvAA9UjbWIE4UX42OW0EDwzpwiiW5gkNJ/T3RIa4UkMemk6OdF/N1sbwv1o71dG5n1GRpJoIPF0UpQzqGI5zgl0qCdZsaAzCkpq/QtxHEmFt0iyZELzZk+dNo+J4p87J7XG5epnHUQR7YB8cAg+cgSq4BjVQBxg8gmfwCt6sJ+vFerc+pq0FK5/ZBX9kff0Ay92c+Q==</latexit>

m2
h = a1M

2
Pl + a2M

2
Pl + ...

A MULTIVERSE WITHOUT NEW SYMMETRIES



<latexit sha1_base64="D+x5E9NuHNvHuHRU67R/MJGIKIM=">AAACAXicbZDLSsNAFIYn9VbrLepGcBMsQt2UpHhbFt24rGAv0MYwmUzaoTOTMDMRSogbX8WNC0Xc+hbufBunaRba+sPAx3/O4cz5/ZgSqWz72ygtLa+srpXXKxubW9s75u5eR0aJQLiNIhqJng8lpoTjtiKK4l4sMGQ+xV1/fD2tdx+wkCTid2oSY5fBISchQVBpyzMPBqGAKA1aNeaN7hsnWRrkkHlm1a7buaxFcAqogkItz/waBBFKGOYKUShl37Fj5aZQKIIoziqDROIYojEc4r5GDhmWbppfkFnH2gmsMBL6cWXl7u+JFDIpJ8zXnQyqkZyvTc3/av1EhZduSnicKMzRbFGYUEtF1jQOKyACI0UnGiASRP/VQiOoI1E6tIoOwZk/eRE6jbpzXj+7Pa02r4o4yuAQHIEacMAFaIIb0AJtgMAjeAav4M14Ml6Md+Nj1loyipl98EfG5w/PJ5Z+</latexit>

dP (m2
h)

dm2
h

<latexit sha1_base64="39MxcEpKiFe9I7hmGGQmt0UHxoE=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSUY9ELx4xcYEEVtItXWhou5u2a0I2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc38789hNVmsXywUwSGgg8lCxiBBsr+aI/eqz1yxW36s6BVomXkwrkaPbLX71BTFJBpSEca9313MQEGVaGEU6npV6qaYLJGA9p11KJBdVBNj92is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eNzXRdZAxmaSGSrJYFKUcmRjNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpFWrepfV+v1FpXGTx1GEEziFc/DgChpwB03wgQCDZ3iFN0c6L86787FoLTj5zDH8gfP5A3hxjno=</latexit>

m2
h

A MULTIVERSE WITHOUT NEW SYMMETRIES

us

<latexit sha1_base64="mUFLVtntY9vaTiBndjcVLjhbXhY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpvpZFN26UCvYBTQyT6aQdOjOJMxOhhIC/4saFIm79Dnf+jdPHQlsPXDiccy/33hMmjCrtON9WYWFxaXmluFpaW9/Y3LK3d5oqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphYPLkd96JFLRWNzpYUJ8jnqCRhQjbaTA3vPUg9TZTQ6vg8yTHNZZfl8N7LJTccaA88SdkjKYoh7YX143xiknQmOGlOq4TqL9DElNMSN5yUsVSRAeoB7pGCoQJ8rPxufn8NAoXRjF0pTQcKz+nsgQV2rIQ9PJke6rWW8k/ud1Uh2d+xkVSaqJwJNFUcqgjuEoC9ilkmDNhoYgLKm5FeI+kghrk1jJhODOvjxPmtWKe1o5uT0u1y6mcRTBPjgAR8AFZ6AGrkAdNAAGGXgGr+DNerJerHfrY9JasKYzu+APrM8fxECVXg==</latexit>p
NM2

Pl



<latexit sha1_base64="V/4xAzEyHbikrYsg/QxB3dvvwdM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXoRil48VrAf0q4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/M/PYTVZpF8t5MYuoLPJQsZAQbKz2I/uixgq6Q2y+W3LI7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhJd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWpezVytW7aql+ncWRhxM4hXPw4ALqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wcaN49O</latexit>

m2
h = 0

Its value is telling us 
something about the 

underlying theory of Nature

One Universe



<latexit sha1_base64="V/4xAzEyHbikrYsg/QxB3dvvwdM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXoRil48VrAf0q4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/M/PYTVZpF8t5MYuoLPJQsZAQbKz2I/uixgq6Q2y+W3LI7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhJd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWpezVytW7aql+ncWRhxM4hXPw4ALqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wcaN49O</latexit>

m2
h = 0

Its value is telling us 
something about the 

underlying theory of Nature

One Universe One Multiverse

<latexit sha1_base64="V/4xAzEyHbikrYsg/QxB3dvvwdM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXoRil48VrAf0q4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/M/PYTVZpF8t5MYuoLPJQsZAQbKz2I/uixgq6Q2y+W3LI7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhJd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWpezVytW7aql+ncWRhxM4hXPw4ALqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wcaN49O</latexit>

m2
h = 0

Its value can be accidental



EXAMPLE: SLIDING NATURALNESS

[RTD, Teresi] ‘21



Landscape of Higgs Masses populated by inflation
<latexit sha1_base64="dtBnDoZyuWFjds1KpXTGmR819YE=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIIlhmiqjLoptuhAr2Au04ZNJMG5pkxiQjlNKNG1/FjQtF3PoO7nwb0+kI2vpD4OM/53By/iBmVGnH+bLm5hcWl5ZzK/nVtfWNTXtru66iRGJSwxGLZDNAijAqSE1TzUgzlgTxgJFG0L8c1xv3RCoaiRs9iInHUVfQkGKkjeXbe8dX/tFtCbYZuYPcr/xg6vp2wSk6qeAsuBkUQKaqb3+2OxFOOBEaM6RUy3Vi7Q2R1BQzMsq3E0VihPuoS1oGBeJEecP0ihE8ME4HhpE0T2iYur8nhogrNeCB6eRI99R0bWz+V2slOjz3hlTEiSYCTxaFCYM6guNIYIdKgjUbGEBYUvNXiHtIIqxNcHkTgjt98izUS0X3tFi6PimUL7I4cmAX7IND4IIzUAYVUAU1gMEDeAIv4NV6tJ6tN+t90jpnZTM74I+sj2+qQJYj</latexit>

�M2
⇤  m2

H
 M2

⇤

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v <latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

SLIDING NATURALNESS



All patches where the Higgs vev 
<latexit sha1_base64="SjY9QcKbWbAaLqiH7JuFdMuiJCU=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fswUPKRnjQtctOxZkJL4ObQxnlanTtL68X0zQCoSknSnVcJ9F+RqRmlMOk5KUKEkKHpA8dg4JEoPxsdsUEnxqnh8NYmic0nrm/JzISKTWOAtMZET1Qi7Wp+V+tk+rw0s+YSFINgs4XhSnHOsbTSHCPSaCajw0QKpn5K6YDIgnVJriSCcFdPHkZWucVt1px3ZtquXaV51FER+gEnSEXXaAaqqMGaiKKHtEzekVv1pP1Yr1bH/PWgpXPHKI/sj5/ALn2l+Q=</latexit>

hH0i ⌘ h

Is outside of a certain range

After reheating and a time

<latexit sha1_base64="D8ioqJMQOHOmHk+ofSlnh0RU5mc=">AAACEXicbZBPS8MwGMZT/875r+rRS3CInkYrAz0OvXic4NxgLSXN0jUsSWuSCqP0I3jxq3jxoCBevXnz25huPejmC4Efz/O+hOcJU0aVdpxva2l5ZXVtvbZR39za3tm19/bvVJJJTLo4YYnsh0gRRgXpaqoZ6aeSIB4y0gvHV6XfeyBS0UTc6klKfI5GgkYUI22kwD6Jg9yTHHIqCo8RpRTlMIYG72FlYUl1EdgNp+lMBy6CW0EDVNMJ7C9vmOCME6ExQ0oNXCfVfo6kppiRou5liqQIj9GIDAwKxIny82mgAh4bZQijRJonNJyqvy9yxJWa8NBscqRjNe+V4n/eINPRhZ9TkWaaCDz7KMoY1Aks24FDKgnWbGIAlbkphjhGEmFtOqybEtz5yIvQO2u6rabr3rQa7cuqjxo4BEfgFLjgHLTBNeiALsDgETyDV/BmPVkv1rv1MVtdsqqbA/BnrM8fi4ydVg==</latexit>

hmin . h  hcrit

crunch

<latexit sha1_base64="L/VVyb7e7njGjkhhdqpUGCAIJxA=">AAACGHicbVDLTgIxFO3gC/E16tJNIzHBhTDjO3FDxAULF5DII2Fw0ikFGtqZSdsxIRM+w42/4saFxrhl599YYBYKnqTJyTn35PYeL2RUKsv6NlJLyyura+n1zMbm1vaOubtXl0EkMKnhgAWi6SFJGPVJTVHFSDMUBHGPkYY3KE38xhMRkgb+gxqGpM1Rz6ddipHSkmsWlIuhIymHdqGcc+51soPc2BEcVkt3o+OZZT3GJxcj5wZK18xaeWsKuEjshGRBgoprjp1OgCNOfIUZkrJlW6Fqx0goihkZZZxIkhDhAeqRlqY+4kS24+lhI3iklQ7sBkI/X8Gp+jsRIy7lkHt6kiPVl/PeRPzPa0Wqe92OqR9Givh4tqgbMagCOGkJdqggWLGhJggLqv8KcR8JhJXuMqNLsOdPXiT107x9mT+rnmeLt0kdaXAADkEO2OAKFEEZVEANYPAMXsE7+DBejDfj0/iajaaMJLMP/sAY/wDfu53M</latexit>

tc ⇠ 1/H(⇤QCD) ⇠ 10�5
s

SLIDING NATURALNESS

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v <latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v



Only universes with the observed value of the weak scale can live 
cosmologically long times. Today the multiverse looks like: 

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v
<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v
<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

SLIDING NATURALNESS



<latexit sha1_base64="DUGAvmLrv+/cqNJJywuox4sftLo=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFEIolkaJuhKKbLivYtNCGMJlO2qGTSZiZCCX0Ndz4Km5cKOJSV76N0zRCbT0w8HHuvdy5x48Zlcqyvo3Cyura+kZxs7S1vbO7Z+4fODJKBCYtHLFIdHwkCaOctBRVjHRiQVDoM9L2R7fTevuBCEkjfq/GMXFDNOA0oBgpbXmm5VxDx0t78ZB6Z5PKL1YybMzZjdz3zLJVtTLBZbBzKINcTc/87PUjnISEK8yQlF3bipWbIqEoZmRS6iWSxAiP0IB0NXIUEumm2WUTeKKdPgwioR9XMHPnJ1IUSjkOfd0ZIjWUi7Wp+V+tm6jgyk0pjxNFOJ4tChIGVQSnMcE+FQQrNtaAsKD6rxAPkUBY6TBLOgR78eRlcM6r9kW1dlcr12/yOIrgCByDU2CDS1AHDdAELYDBI3gGr+DNeDJejHfjY9ZaMPKZQ/BHxtcP8y2frA==</latexit>

V = V�� + V�+ + VH�� + VH�+

Two new scalars approximately decoupled from each other

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch
Safe

<latexit sha1_base64="1GcVJDm+NWUN9Yn9k3d23FoYbmk=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAIgrQkUtSNUHTTZQWbFtoQJtNJO3RyYWYilNCFG1/FjQtF3PoQ7nwbp20W2vrDwMd/zuHM+f2EM6ks69tYWV1b39gsbBW3d3b39s2DQ0fGqSC0RWIei46PJeUsoi3FFKedRFAc+py2/dHttN5+oEKyOLpX44S6IR5ELGAEK215ZsnxKtfI8bJeMmReZXKmsZGzZ5atqjUTWgY7hzLkanrmV68fkzSkkSIcS9m1rUS5GRaKEU4nxV4qaYLJCA9oV2OEQyrdbHbEBJ1op4+CWOgXKTRzf09kOJRyHPq6M8RqKBdrU/O/WjdVwZWbsShJFY3IfFGQcqRiNE0E9ZmgRPGxBkwE039FZIgFJkrnVtQh2IsnL4NzXrUvqrW7Wrl+k8dRgBIcwynYcAl1aEATWkDgEZ7hFd6MJ+PFeDc+5q0rRj5zBH9kfP4AFiiXIA==</latexit>

V� = V�� + VH��

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch

<latexit sha1_base64="Z/xY737m5oIT9zNeCVSqiiFmZ/k=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiRR1WXTjsoK9QBPKZHqSDp1MwsykUEI3voobF4q49THc+TZO2yy09YeBj/+cw5nzBylnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AlGd7N6ZwxSsUQ86kkKfkwiwUJGiTZW3z7xOBERBzzEnlyQF0V43LerTs2ZC6+CW0AVFWr27S9vkNAsBqEpJ0r1XCfVfk6kZpTDtOJlClJCRySCnkFBYlB+Pj9gis+NM8BhIs0TGs/d3xM5iZWaxIHpjIkequXazPyv1st0eOPnTKSZBkEXi8KMY53gWRp4wCRQzScGCJXM/BXTIZGEapNZxYTgLp+8Cu3LmntVqz/Uq43bIo4yOkVn6AK56Bo10D1qohaiaIqe0St6s56sF+vd+li0lqxi5hj9kfX5A5kBlcY=</latexit>

hhi � v

SLIDING NATURALNESS

<latexit sha1_base64="1GcVJDm+NWUN9Yn9k3d23FoYbmk=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAIgrQkUtSNUHTTZQWbFtoQJtNJO3RyYWYilNCFG1/FjQtF3PoQ7nwbp20W2vrDwMd/zuHM+f2EM6ks69tYWV1b39gsbBW3d3b39s2DQ0fGqSC0RWIei46PJeUsoi3FFKedRFAc+py2/dHttN5+oEKyOLpX44S6IR5ELGAEK215ZsnxKtfI8bJeMmReZXKmsZGzZ5atqjUTWgY7hzLkanrmV68fkzSkkSIcS9m1rUS5GRaKEU4nxV4qaYLJCA9oV2OEQyrdbHbEBJ1op4+CWOgXKTRzf09kOJRyHPq6M8RqKBdrU/O/WjdVwZWbsShJFY3IfFGQcqRiNE0E9ZmgRPGxBkwE039FZIgFJkrnVtQh2IsnL4NzXrUvqrW7Wrl+k8dRgBIcwynYcAl1aEATWkDgEZ7hFd6MJ+PFeDc+5q0rRj5zBH9kfP4AFiiXIA==</latexit>

V� = V�� + VH��

[RTD, Teresi] ‘21



Crunch

<latexit sha1_base64="mjeJ8RsCK9OCDiVzVH48q+wtJ6k=">AAACA3icbZDNSsNAFIVv6l+tf1F3ugkWQSiURIq6EYpuuqxg00IbwmQ6aYdOJmFmIpRQcOOruHGhiFtfwp1v47TNQlsPDHycey937gkSRqWy7W+jsLK6tr5R3Cxtbe/s7pn7B66MU4FJC8csFp0AScIoJy1FFSOdRBAUBYy0g9HttN5+IELSmN+rcUK8CA04DSlGSlu+eeT6lWvXz3rJkPqVSUVjI2ffLNtVeyZrGZwcypCr6ZtfvX6M04hwhRmSsuvYifIyJBTFjExKvVSSBOERGpCuRo4iIr1sdsPEOtVO3wpjoR9X1sz9PZGhSMpxFOjOCKmhXKxNzf9q3VSFV15GeZIqwvF8UZgyS8XWNBCrTwXBio01ICyo/quFh0ggrHRsJR2Cs3jyMrjnVeeiWrurles3eRxFOIYTOAMHLqEODWhCCzA8wjO8wpvxZLwY78bHvLVg5DOH8EfG5w+zI5bw</latexit>

V+ = V�+ + VH�+

<latexit sha1_base64="42AOnqTDvi23Tc7utWlnERTF17I=">AAACAHicbZC7SgNBFIbPxluMt6iFhc1gEKzCrgS1DNpYRjAXyC5hdnI2GTI7u8zMBkJI46vYWChi62PY+TZOLoUm/jDw8Z9zOHP+MBVcG9f9dnJr6xubW/ntws7u3v5B8fCooZNMMayzRCSqFVKNgkusG24EtlKFNA4FNsPB3bTeHKLSPJGPZpRiENOe5BFn1FirUzzxBZU9gaRPfDUnXwgy7BRLbtmdiayCt4ASLFTrFL/8bsKyGKVhgmrd9tzUBGOqDGcCJwU/05hSNqA9bFuUNEYdjGcHTMi5dbokSpR90pCZ+3tiTGOtR3FoO2Nq+nq5NjX/q7UzE90EYy7TzKBk80VRJohJyDQN0uUKmREjC5Qpbv9KWJ8qyozNrGBD8JZPXoXGZdm7KlceKqXq7SKOPJzCGVyAB9dQhXuoQR0YTOAZXuHNeXJenHfnY96acxYzx/BHzucPqEKV0A==</latexit>

hhi ⌧ v
<latexit sha1_base64="p8HfsAXES5l8JdXUubyZPTzESAA=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmkqMeiF48V7Ac0sWy2m3bpZhN2J0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tlZW19Y3Nktb5e2d3b19++CwreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY30z9ziNTmsfyHrKE+REZSh5ySsBIfbviwYgBwd5wiF3nIT9znUnfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDKz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec29qNXv6tXGdRFHCR2hY3SKXHSJGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gDKsZOT</latexit>

✓ � 10�10Or

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch
Safe

And
<latexit sha1_base64="xdXD4Lvm/QD6f9qXX3WcX8g/574=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZCeox6MVjBLNAJoaeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1fMTKTQ6zreVW1peWV3Lrxc2Nre2d+zdvbqOU8WhxmMZq6bPNEgRQQ0FSmgmCljoS2j4g+ux33gApUUc3eEwgXbIepEIBGdopI594GEfkFFPgtZahNR17rNT1xnRjl10Ss4EdJG4M1IkM1Q79pfXjXkaQoRcMq1brpNgO2MKBZcwKniphoTxAetBy9CIhaDb2eSFET02SpcGsTIVIZ2ovycyFmo9DH3TGTLs63lvLP7ntVIMLtuZiJIUIeLTRUEqKcZ0nAftCgUc5dAQxpUwt1LeZ4pxNKkVTAju/MuLpH5Wcs9L5dtysXI1iyNPDskROSEuuSAVckOqpEY4eSTP5JW8WU/Wi/VufUxbc9ZsZp/8gfX5A2GVliE=</latexit>

✓ . 10�10
<latexit sha1_base64="zPFXVt4wKTBCFWosVKUlTPNFHjc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi6rLoxmUF+4AmlMn0Jh06mYSZSaGELtz4K25cKOLWj3Dn3zhts9DWAwOHc87lzj1BypnSjvNtldbWNza3ytuVnd29/QP78KitkkxSaNGEJ7IbEAWcCWhppjl0UwkkDjh0gtHtzO+MQSqWiAc9ScGPSSRYyCjRRurbVY8TEXHAQ+zJBfMibfIxHvftmlN35sCrxC1IDRVo9u0vb5DQLAahKSdK9Vwn1X5OpGaUw7TiZQpSQkckgp6hgsSg/Hx+xBSfGmWAw0SaJzSeq78nchIrNYkDk4yJHqplbyb+5/UyHV77ORNppkHQxaIw41gneNYIHjAJVPOJIYRKZv6K6ZBIQrXprWJKcJdPXiXt87p7Wb+4v6g1boo6yqiKTtAZctEVaqA71EQtRNEjekav6M16sl6sd+tjES1Zxcwx+gPr8wcF5pe2</latexit>

hhi & v

SLIDING NATURALNESS

<latexit sha1_base64="mjeJ8RsCK9OCDiVzVH48q+wtJ6k=">AAACA3icbZDNSsNAFIVv6l+tf1F3ugkWQSiURIq6EYpuuqxg00IbwmQ6aYdOJmFmIpRQcOOruHGhiFtfwp1v47TNQlsPDHycey937gkSRqWy7W+jsLK6tr5R3Cxtbe/s7pn7B66MU4FJC8csFp0AScIoJy1FFSOdRBAUBYy0g9HttN5+IELSmN+rcUK8CA04DSlGSlu+eeT6lWvXz3rJkPqVSUVjI2ffLNtVeyZrGZwcypCr6ZtfvX6M04hwhRmSsuvYifIyJBTFjExKvVSSBOERGpCuRo4iIr1sdsPEOtVO3wpjoR9X1sz9PZGhSMpxFOjOCKmhXKxNzf9q3VSFV15GeZIqwvF8UZgyS8XWNBCrTwXBio01ICyo/quFh0ggrHRsJR2Cs3jyMrjnVeeiWrurles3eRxFOIYTOAMHLqEODWhCCzA8wjO8wpvxZLwY78bHvLVg5DOH8EfG5w+zI5bw</latexit>

V+ = V�+ + VH�+

[RTD, Teresi] ‘21



1998

Atomic Principle

2003 2004

Attractor Vacua

MANY OTHER SIMILAR IDEAS



1998 2015 2016

Atomic Principle Relaxion NNaturalness ….

2003 2004

Attractor Vacua

Higgs Discovery

2012

MANY OTHER SIMILAR IDEAS



MANY OTHER SIMILAR IDEAS 

WITH SOMETHING IN COMMON

<latexit sha1_base64="1GcVJDm+NWUN9Yn9k3d23FoYbmk=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAIgrQkUtSNUHTTZQWbFtoQJtNJO3RyYWYilNCFG1/FjQtF3PoQ7nwbp20W2vrDwMd/zuHM+f2EM6ks69tYWV1b39gsbBW3d3b39s2DQ0fGqSC0RWIei46PJeUsoi3FFKedRFAc+py2/dHttN5+oEKyOLpX44S6IR5ELGAEK215ZsnxKtfI8bJeMmReZXKmsZGzZ5atqjUTWgY7hzLkanrmV68fkzSkkSIcS9m1rUS5GRaKEU4nxV4qaYLJCA9oV2OEQyrdbHbEBJ1op4+CWOgXKTRzf09kOJRyHPq6M8RqKBdrU/O/WjdVwZWbsShJFY3IfFGQcqRiNE0E9ZmgRPGxBkwE039FZIgFJkrnVtQh2IsnL4NzXrUvqrW7Wrl+k8dRgBIcwynYcAl1aEATWkDgEZ7hFd6MJ+PFeDc+5q0rRj5zBH9kfP4AFiiXIA==</latexit>

V� = V�� + VH��

<latexit sha1_base64="mjeJ8RsCK9OCDiVzVH48q+wtJ6k=">AAACA3icbZDNSsNAFIVv6l+tf1F3ugkWQSiURIq6EYpuuqxg00IbwmQ6aYdOJmFmIpRQcOOruHGhiFtfwp1v47TNQlsPDHycey937gkSRqWy7W+jsLK6tr5R3Cxtbe/s7pn7B66MU4FJC8csFp0AScIoJy1FFSOdRBAUBYy0g9HttN5+IELSmN+rcUK8CA04DSlGSlu+eeT6lWvXz3rJkPqVSUVjI2ffLNtVeyZrGZwcypCr6ZtfvX6M04hwhRmSsuvYifIyJBTFjExKvVSSBOERGpCuRo4iIr1sdsPEOtVO3wpjoR9X1sz9PZGhSMpxFOjOCKmhXKxNzf9q3VSFV15GeZIqwvF8UZgyS8XWNBCrTwXBio01ICyo/quFh0ggrHRsJR2Cs3jyMrjnVeeiWrurles3eRxFOIYTOAMHLqEODWhCCzA8wjO8wpvxZLwY78bHvLVg5DOH8EfG5w+zI5bw</latexit>

V+ = V�+ + VH�+



MANY OTHER SIMILAR IDEAS 

WITH SOMETHING IN COMMON

<latexit sha1_base64="1GcVJDm+NWUN9Yn9k3d23FoYbmk=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAIgrQkUtSNUHTTZQWbFtoQJtNJO3RyYWYilNCFG1/FjQtF3PoQ7nwbp20W2vrDwMd/zuHM+f2EM6ks69tYWV1b39gsbBW3d3b39s2DQ0fGqSC0RWIei46PJeUsoi3FFKedRFAc+py2/dHttN5+oEKyOLpX44S6IR5ELGAEK215ZsnxKtfI8bJeMmReZXKmsZGzZ5atqjUTWgY7hzLkanrmV68fkzSkkSIcS9m1rUS5GRaKEU4nxV4qaYLJCA9oV2OEQyrdbHbEBJ1op4+CWOgXKTRzf09kOJRyHPq6M8RqKBdrU/O/WjdVwZWbsShJFY3IfFGQcqRiNE0E9ZmgRPGxBkwE039FZIgFJkrnVtQh2IsnL4NzXrUvqrW7Wrl+k8dRgBIcwynYcAl1aEATWkDgEZ7hFd6MJ+PFeDc+5q0rRj5zBH9kfP4AFiiXIA==</latexit>

V� = V�� + VH��

<latexit sha1_base64="mjeJ8RsCK9OCDiVzVH48q+wtJ6k=">AAACA3icbZDNSsNAFIVv6l+tf1F3ugkWQSiURIq6EYpuuqxg00IbwmQ6aYdOJmFmIpRQcOOruHGhiFtfwp1v47TNQlsPDHycey937gkSRqWy7W+jsLK6tr5R3Cxtbe/s7pn7B66MU4FJC8csFp0AScIoJy1FFSOdRBAUBYy0g9HttN5+IELSmN+rcUK8CA04DSlGSlu+eeT6lWvXz3rJkPqVSUVjI2ffLNtVeyZrGZwcypCr6ZtfvX6M04hwhRmSsuvYifIyJBTFjExKvVSSBOERGpCuRo4iIr1sdsPEOtVO3wpjoR9X1sz9PZGhSMpxFOjOCKmhXKxNzf9q3VSFV15GeZIqwvF8UZgyS8XWNBCrTwXBio01ICyo/quFh0ggrHRsJR2Cs3jyMrjnVeeiWrurles3eRxFOIYTOAMHLqEODWhCCzA8wjO8wpvxZLwY78bHvLVg5DOH8EfG5w+zI5bw</latexit>

V+ = V�+ + VH�+

<latexit sha1_base64="9/wCamf8W2Q6ayQYITJp/tsNfXQ="></latexit>

VH�± =

✓
�±
f

+ ✓

◆
G eG ' a✓(yu + yd)vf

3
⇡

�±
f

<latexit sha1_base64="IWyJ7KC0btish2FasH71Vp5R37U="></latexit>

VH�± = a�±H1H2 ' a�±v
2 + ...



MANY OTHER SIMILAR IDEAS 

WITH SOMETHING IN COMMON

<latexit sha1_base64="1GcVJDm+NWUN9Yn9k3d23FoYbmk=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAIgrQkUtSNUHTTZQWbFtoQJtNJO3RyYWYilNCFG1/FjQtF3PoQ7nwbp20W2vrDwMd/zuHM+f2EM6ks69tYWV1b39gsbBW3d3b39s2DQ0fGqSC0RWIei46PJeUsoi3FFKedRFAc+py2/dHttN5+oEKyOLpX44S6IR5ELGAEK215ZsnxKtfI8bJeMmReZXKmsZGzZ5atqjUTWgY7hzLkanrmV68fkzSkkSIcS9m1rUS5GRaKEU4nxV4qaYLJCA9oV2OEQyrdbHbEBJ1op4+CWOgXKTRzf09kOJRyHPq6M8RqKBdrU/O/WjdVwZWbsShJFY3IfFGQcqRiNE0E9ZmgRPGxBkwE039FZIgFJkrnVtQh2IsnL4NzXrUvqrW7Wrl+k8dRgBIcwynYcAl1aEATWkDgEZ7hFd6MJ+PFeDc+5q0rRj5zBH9kfP4AFiiXIA==</latexit>

V� = V�� + VH��

<latexit sha1_base64="mjeJ8RsCK9OCDiVzVH48q+wtJ6k=">AAACA3icbZDNSsNAFIVv6l+tf1F3ugkWQSiURIq6EYpuuqxg00IbwmQ6aYdOJmFmIpRQcOOruHGhiFtfwp1v47TNQlsPDHycey937gkSRqWy7W+jsLK6tr5R3Cxtbe/s7pn7B66MU4FJC8csFp0AScIoJy1FFSOdRBAUBYy0g9HttN5+IELSmN+rcUK8CA04DSlGSlu+eeT6lWvXz3rJkPqVSUVjI2ffLNtVeyZrGZwcypCr6ZtfvX6M04hwhRmSsuvYifIyJBTFjExKvVSSBOERGpCuRo4iIr1sdsPEOtVO3wpjoR9X1sz9PZGhSMpxFOjOCKmhXKxNzf9q3VSFV15GeZIqwvF8UZgyS8XWNBCrTwXBio01ICyo/quFh0ggrHRsJR2Cs3jyMrjnVeeiWrurles3eRxFOIYTOAMHLqEODWhCCzA8wjO8wpvxZLwY78bHvLVg5DOH8EfG5w+zI5bw</latexit>

V+ = V�+ + VH�+

<latexit sha1_base64="9/wCamf8W2Q6ayQYITJp/tsNfXQ="></latexit>

VH�± =

✓
�±
f

+ ✓

◆
G eG ' a✓(yu + yd)vf

3
⇡

�±
f

<latexit sha1_base64="IWyJ7KC0btish2FasH71Vp5R37U="></latexit>

VH�± = a�±H1H2 ' a�±v
2 + ...

<latexit sha1_base64="IWyJ7KC0btish2FasH71Vp5R37U="></latexit>

VH�± = a�±H1H2 ' a�±v
2 + ...



Does anything change (in the SM) as we vary the Higgs 
mass squared?

General QFT question relevant beyond cosmological 
naturalness:



Most relevant phenomenologically:

Physics coupled to the Higgs with

<latexit sha1_base64="a9RnzzuhNjGouHdwM2BwYZNYBxk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDbbSbt0Nwm7m0IJ/RtePCji1T/jzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4DG2DDcCu6lCKkOBnXB8N/c7E1SaJ/GjmaYYSDqMecQZNVbyJfEFaq25JJN+tebW3QXIX+IVpAYFmv3qpz9IWCYxNkxQrXuem5ogp8pwJnBW8TONKWVjOsSepTGVqIN8cfOMnFllQKJE2YoNWag/J3IqtZ7K0HZKakZ61ZuL/3m9zEQ3Qc7jNDMYs+WiKBPEJGQeABlwhcyIqSWUKW5vJWxEFWXGxlSxIXirL/8l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGKTwBC/w6mTOs/PmvC9bS04xcwy/4Hx8A7FtkXY=</latexit>

m . v

One trigger = Many solutions to the hierarchy problem



WEAK SCALE TRIGGERS AND WHERE TO FIND THEM



Does anything change in Nature as we vary 
the Higgs mass squared?

<latexit sha1_base64="JyjsfN580ATuFBYwFbpHT7EXMTQ=">AAACKHicbZBNS8MwGMdTX+d8q3r0EhzCdhmtDPUiDr14c4J7gbWMNE27sDQtSSqMso/jxa/iRUSRXf0kZl0PuvlA4Mf//zxJnr+XMCqVZU2NldW19Y3N0lZ5e2d3b988OOzIOBWYtHHMYtHzkCSMctJWVDHSSwRBkcdI1xvdzvzuExGSxvxRjRPiRijkNKAYKS0NzGsnEAhnvsPiEAZVhyEeMgKH0BE51SaFt+RMru6rdm1gVqy6lRdcBruACiiqNTDfHT/GaUS4wgxJ2betRLkZEopifWnZSSVJEB6hkPQ1chQR6Wb5ohN4qhUfBrHQhyuYq78nMhRJOY483RkhNZSL3kz8z+unKrh0M8qTVBGO5w8FKYMqhrPUoE8FwYqNNSAsqP4rxEOkk1M627IOwV5ceRk6Z3X7vN54aFSaN0UcJXAMTkAV2OACNMEdaIE2wOAZvIIP8Gm8GG/GlzGdt64YxcwR+FPG9w+pm6Wz</latexit>

d log f(hhi)
d loghhi = O(1)

[Arkani-Hamed, RTD, Kim, ’20]



Does anything change

as we vary the Higgs mass?

<latexit sha1_base64="bj355pO6DGvf056c7CHU0Zba94o=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq4EtQxaxDJCXrC7hNnZu8mQ2YczswlhyTfY+Cs2ForYWtn5N04ehSYeuHA4517uvcdLOJPKNL+NldW19Y3N3FZ+e2d3b79wcNiUcSooNGjMY9H2iATOImgopji0EwEk9Di0vP7txG8NQEgWR3U1SsANSTdiAaNEaalTOM8cEeK6GNtVZwh+F3DVxQ48pGyAq9gZMh8U476WO4WiWTKnwMvEmpMimqPWKXw5fkzTECJFOZHStsxEuRkRilEO47yTSkgI7ZMu2JpGJATpZtOXxvhUKz4OYqErUniq/p7ISCjlKPR0Z0hUTy56E/E/z05VcO1mLEpSBRGdLQpSjlWMJ/lgnwmgio80IVQwfSumPSIIVTrFvA7BWnx5mTQvStZlqXxfLlZu5nHk0DE6QWfIQleogu5QDTUQRY/oGb2iN+PJeDHejY9Z64oxnzlCf2B8/gC3lZzg</latexit>

Tr[G ^G] ⌘ G eG

LOCAL NON-LOCAL

On-shell N-point 
functions of massive SM 

particles



<latexit sha1_base64="cJsaN376fYE48613Hn/5P+Qq43E=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHbVqEeiBzxiIo8ENmR2toEJsw9nejFkw3d48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTv3mCJQWUfiA4xjcgPVD0ROcoZHcaudJ+IBC+kCr3WLJLtsz0GXiZKREMtS6xa+OH/EkgBC5ZFq3HTtGN2UKBZcwKXQSDTHjQ9aHtqEhC0C76ezoCT0xik97kTIVIp2pvydSFmg9DjzTGTAc6EVvKv7ntRPsXbupCOMEIeTzRb1EUozoNAHqCwUc5dgQxpUwt1I+YIpxNDkVTAjO4svLpHFWdi7L5/cXpcpNFkeeHJFjckocckUq5I7USJ1w8kieySt5s0bWi/Vufcxbc1Y2c0j+wPr8AUdRkck=</latexit>

G eG Axion-Like 
Phenomenology

STANDARD MODEL TRIGGERS

[Graham, Rajendran, Kaplan, ’15], 
[Arkani-Hamed, RTD, Kim, ’20], [Csaki, RTD, 

Geller, Ismail, ’20],  [RTD, Teresi, ’21],

[Geller, Hochberg, Kuflik,’18], …



<latexit sha1_base64="cJsaN376fYE48613Hn/5P+Qq43E=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHbVqEeiBzxiIo8ENmR2toEJsw9nejFkw3d48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTv3mCJQWUfiA4xjcgPVD0ROcoZHcaudJ+IBC+kCr3WLJLtsz0GXiZKREMtS6xa+OH/EkgBC5ZFq3HTtGN2UKBZcwKXQSDTHjQ9aHtqEhC0C76ezoCT0xik97kTIVIp2pvydSFmg9DjzTGTAc6EVvKv7ntRPsXbupCOMEIeTzRb1EUozoNAHqCwUc5dgQxpUwt1I+YIpxNDkVTAjO4svLpHFWdi7L5/cXpcpNFkeeHJFjckocckUq5I7USJ1w8kieySt5s0bWi/Vufcxbc1Y2c0j+wPr8AUdRkck=</latexit>

G eG Axion-Like 
Phenomenology

STANDARD MODEL TRIGGERS

[Graham, Rajendran, Kaplan, ’15], 
[Arkani-Hamed, RTD, Kim, ’20], [Csaki, RTD, 

Geller, Ismail, ’20],  [RTD, Teresi, ’21],

[Geller, Hochberg, Kuflik,’18], …

<latexit sha1_base64="mvo00Ld7+h5jwPO9zPp53amnP1U=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNryPRi0dMhCWBDZmdbWDC7MOZXgzZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wdNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfg+sPbqe+OQGkRRw84TsALWT8SPcEZGslzO08iABQyAOp2yxW7as9Al4mTkwrJUe+WvzpBzNMQIuSSad127AS9jCkUXMKk1Ek1JIwPWR/ahkYsBO1ls6Mn9MQoAe3FylSEdKb+nshYqPU49E1nyHCgF72p+J/XTrF37WUiSlKEiM8X9VJJMabTBGggFHCUY0MYV8LcSvmAKcbR5FQyITiLLy+T5lnVuaxe3J9Xajd5HEVyRI7JKXHIFamRO1InDcLJI3kmr+TNGlkv1rv1MW8tWPnMIfkD6/MHeTWR6w==</latexit>

WfW Axion-Like 
Phenomenology



BSM TRIGGERS



<latexit sha1_base64="FHkjZ1gQNdZdr+myq0RFJ2IWV08=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHsqqjHoBhy8BDBPCCJYXa2kwyZnV1mZpWwBC/+ihcPinj1K7z5N04eB00saCiquunu8iLOlHacbys1N7+wuJRezqysrq1v2JtbFRXGkkKZhjyUNY8o4ExAWTPNoRZJIIHHoer1Lod+9R6kYqG41f0ImgHpCNZmlGgjteydQuOB+aAZ9wEX8CHu42tcxFd3tGVnnZwzAp4l7oRk0QSllv3V8EMaByA05USpuutEupkQqRnlMMg0YgURoT3SgbqhggSgmsnohQHeN4qP26E0JTQeqb8nEhIo1Q880xkQ3VXT3lD8z6vHun3eTJiIYg2Cjhe1Y451iId5YJ9JoJr3DSFUMnMrpl0iCdUmtYwJwZ1+eZZUjnLuae745iSbv5jEkUa7aA8dIBedoTwqohIqI4oe0TN6RW/Wk/VivVsf49aUNZnZRn9gff4AGSeVTg==</latexit>

F eF + yLHE
c

<latexit sha1_base64="it2nrPQauO0sBz/eMktcKFm2YPc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj00mMF+wFtCJvtpl262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4ej+5nffuLaiEQ94jjlfkwHSkSCUbRSux54pB5Ug1LZrbhzkFXi5aQMORpB6avXT1gWc4VMUmO6npuiP6EaBZN8WuxlhqeUjeiAdy1VNObGn8zPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XjfD6NafCJVmyBVbLIoySTAhs99JX2jOUI4toUwLeythQ6opQ5tQ0YbgLb+8SlrVindduXy4Ktfu8jgKcApncAEe3EAN6tCAJjAYwTO8wpuTOi/Ou/OxaF1z8pkT+APn8wfW+o6Z</latexit>

H1H2

<latexit sha1_base64="ZyTDdXNg0Uj6ZKWtexMCi7DsvBQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkEVZaxggLFI9CE1UeW4t61VOwm2U6mKysrCr7AwgBArX8DG3+C2GaDlSFf36Jx7Zd8TxJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2A6KAsxBqmmkOzVgCEQGHRjC4mviNIUjFovBOj2LwBemFrMso0UZq20cCexyUUkzgIfZMg3vslksPqScFvob6uG0XnKIzBV4kbkYKKEO1bX95nYgmAkJNOVGq5Tqx9lMiNaMcxnkvURATOiA9aBkaEgHKT6enjPGJUTq4G0lTocZT9fdGSoRSIxGYSUF0X817E/E/r5Xo7oWfsjBONIR09lA34VhHeJIL7jAJVPORIYRKZv6KaZ9IQrVJL29CcOdPXiT1s6J7XizdlgqVyyyOHDpEx+gUuaiMKugGVVENUfSIntErerOerBfr3fqYjS5Z2c4B+gPr8we3W5mn</latexit>

m . v ' 174 GeV

<latexit sha1_base64="ZyTDdXNg0Uj6ZKWtexMCi7DsvBQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkEVZaxggLFI9CE1UeW4t61VOwm2U6mKysrCr7AwgBArX8DG3+C2GaDlSFf36Jx7Zd8TxJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2A6KAsxBqmmkOzVgCEQGHRjC4mviNIUjFovBOj2LwBemFrMso0UZq20cCexyUUkzgIfZMg3vslksPqScFvob6uG0XnKIzBV4kbkYKKEO1bX95nYgmAkJNOVGq5Tqx9lMiNaMcxnkvURATOiA9aBkaEgHKT6enjPGJUTq4G0lTocZT9fdGSoRSIxGYSUF0X817E/E/r5Xo7oWfsjBONIR09lA34VhHeJIL7jAJVPORIYRKZv6KaZ9IQrVJL29CcOdPXiT1s6J7XizdlgqVyyyOHDpEx+gUuaiMKugGVVENUfSIntErerOerBfr3fqYjS5Z2c4B+gPr8we3W5mn</latexit>

m . v ' 174 GeV

HL-LHC!

HL-LHC!

X
x



<latexit sha1_base64="YDXDcCO52Y5JfCsntGPFi+b4yr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseilx4r2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO7ud+54lrI2L1iNOE+xEdKTEUjKKVOo3AI42gFpQrbtVdgKwTLycVyNEMyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kw1s/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmnXqt511X24qtTv8jiKcAbncAke3EAdGtCEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QPVsI6V</latexit>

H1H2

Protected by the Z2 symmetry 

<latexit sha1_base64="OciQpV6msnZskh0NzveQTGXpZis=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIbixJqeiy6KbLCvYBbQiT6aQdOpmEmYlQQsFfceNCEbd+hzv/xmmbhbYeGDhzzr3ce0+QcKa043xbhbX1jc2t4nZpZ3dv/8A+PGqrOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjfzfzOI5WKxeJBTxLqRXgoWMgI1kby7ZOG76KGX0V9HaNLlP98u+xUnDnQKnFzUoYcTd/+6g9ikkZUaMKxUj3XSbSXYakZ4XRa6qeKJpiM8ZD2DBU4osrL5utP0blRBiiMpXlCo7n6uyPDkVKTKDCVEdYjtezNxP+8XqrDGy9jIkk1FWQxKEw5MqfOskADJinRfGIIJpKZXREZYYmJNomVTAju8smrpF2tuFcV575Wrt/mcRThFM7gAly4hjo0oAktIJDBM7zCm/VkvVjv1seitGDlPcfwB9bnDwAmku8=</latexit>

H1H2 ! �H1H2

H1H2 without Z2 first considered as 
‘paleo’-trigger in: [Espinosa, 

Grojean,Panico, Pomarol, Pujolas ’15],
[Dvali, Vilenkin ’01]. Today these models 
require two coincidences of scales to be 

alive at the LHC.

X
x

[Arkani-Hamed, RTD, Kim, ’20]



<latexit sha1_base64="2DQIHGomfc8aOLbm6eq3vjQLEgo="></latexit>

VH1H2 = m
2
1|H1|2 +m

2
2|H2|2 +

�1

2
|H1|4 +

�2

2
|H2|4

+�3|H1|2|H2|2 + �4|H1H2|2 +
✓
�5

2
(H1H2)

2 + h.c.

◆

<latexit sha1_base64="B8QKMYgNtyXTR8YqabbrqmtstnE=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEF1JmRK2bQqkblxXsAzrDkMmkbWiSGZKMUIaCv+LGhSJu/Q53/o1pOwttPRA4nHMP9+aECaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHodup3HolUNBYPepwQn6OBoH2KkTZSYB81PJ7WPGYSEQqy63NYndScwC47FWcGuEzcnJRBjmZgf3lRjFNOhMYMKdVznUT7GZKaYkYmJS9VJEF4hAakZ6hAnCg/m50/gadGiWA/luYJDWfq70SGuFJjHppJjvRQLXpT8T+vl+r+jZ9RkaSaCDxf1E8Z1DGcdgEjKgnWbGwIwpKaWyEeIomwNo2VTAnu4peXSfui4l5VnPvLcr2R11EEx+AEnAEXVEEd3IEmaAEMMvAMXsGb9WS9WO/Wx3y0YOWZQ/AH1ucPZ3yUeA==</latexit>

Bµ = �6,7 = 0

<latexit sha1_base64="gNTK5UTeMOsIJ4KP3bUYtm7RbBQ="></latexit>

H1H2

�
Bµ+ �6|H1|2 + �7|H2|2

�

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM

X
x



<latexit sha1_base64="Mf8Uwp4mfI4vp639BJmPA0sHkkE="></latexit>

m2
H

⇠ �1v
2
1  m2

h
= (125 GeV)2

X
x

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



For quarks and leptons we choose the phenomenologically 
safest Z2 charge assignments

This gives

<latexit sha1_base64="YNhWm2M3HY1EriYmscvrnMveByg=">AAACQXicbZBLS8NAFIUn9VXrK+rSzWARKmhJiqjLopsuK9gHNDFMJtN26OTRmYlQQv+aG/+BO/duXCji1o3TNNhavTDwcc693LnHjRgV0jCetdzS8srqWn69sLG5tb2j7+41RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsdXE/81j3hgobBrRxFxPZRL6BdipFUkqO3a04FWjKEp1DRCbSGMfJgaRjf4eNUnuLM8GaGN28w8mOk6OhFo2ykBf+CmUERZFV39CfLC3Hsk0BihoTomEYk7QRxSTEj44IVCxIhPEA90lEYIJ8IO0kTGMMjpXiwG3L1AglTdX4iQb4QI99VnT6SfbHoTcT/vE4su5d2QoMoliTA00XdmEF16CRO6FFOsGQjBQhzqv4KcR9xhKUKvaBCMBdP/gvNStk8L1duzorVqyyOPDgAh6AETHABqqAG6qABMHgAL+ANvGuP2qv2oX1OW3NaNrMPfpX29Q3MFKsh</latexit>

H2 ! �H2, (quc) ! �(quc), (qdc) ! �(qdc), (lec) ! �(lec)

X
x

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



Sharp target for HL-LHC and FCC 

which can’t be decoupled!


(See also the next slide)

X
x

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



X
x

[Arkani-Hamed, RTD, Kim, ’20]



One trigger = Many solutions to the hierarchy problem

X
x



<latexit sha1_base64="cJsaN376fYE48613Hn/5P+Qq43E=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHbVqEeiBzxiIo8ENmR2toEJsw9nejFkw3d48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTv3mCJQWUfiA4xjcgPVD0ROcoZHcaudJ+IBC+kCr3WLJLtsz0GXiZKREMtS6xa+OH/EkgBC5ZFq3HTtGN2UKBZcwKXQSDTHjQ9aHtqEhC0C76ezoCT0xik97kTIVIp2pvydSFmg9DjzTGTAc6EVvKv7ntRPsXbupCOMEIeTzRb1EUozoNAHqCwUc5dgQxpUwt1I+YIpxNDkVTAjO4svLpHFWdi7L5/cXpcpNFkeeHJFjckocckUq5I7USJ1w8kieySt5s0bWi/Vufcxbc1Y2c0j+wPr8AUdRkck=</latexit>

G eG
Axion-Like 

Phenomenology

EVERY SINGLE TRIGGER

<latexit sha1_base64="mvo00Ld7+h5jwPO9zPp53amnP1U=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNryPRi0dMhCWBDZmdbWDC7MOZXgzZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wdNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfg+sPbqe+OQGkRRw84TsALWT8SPcEZGslzO08iABQyAOp2yxW7as9Al4mTkwrJUe+WvzpBzNMQIuSSad127AS9jCkUXMKk1Ek1JIwPWR/ahkYsBO1ls6Mn9MQoAe3FylSEdKb+nshYqPU49E1nyHCgF72p+J/XTrF37WUiSlKEiM8X9VJJMabTBGggFHCUY0MYV8LcSvmAKcbR5FQyITiLLy+T5lnVuaxe3J9Xajd5HEVyRI7JKXHIFamRO1InDcLJI3kmr+TNGlkv1rv1MW8tWPnMIfkD6/MHeTWR6w==</latexit>

WfW
<latexit sha1_base64="FHkjZ1gQNdZdr+myq0RFJ2IWV08=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHsqqjHoBhy8BDBPCCJYXa2kwyZnV1mZpWwBC/+ihcPinj1K7z5N04eB00saCiquunu8iLOlHacbys1N7+wuJRezqysrq1v2JtbFRXGkkKZhjyUNY8o4ExAWTPNoRZJIIHHoer1Lod+9R6kYqG41f0ImgHpCNZmlGgjteydQuOB+aAZ9wEX8CHu42tcxFd3tGVnnZwzAp4l7oRk0QSllv3V8EMaByA05USpuutEupkQqRnlMMg0YgURoT3SgbqhggSgmsnohQHeN4qP26E0JTQeqb8nEhIo1Q880xkQ3VXT3lD8z6vHun3eTJiIYg2Cjhe1Y451iId5YJ9JoJr3DSFUMnMrpl0iCdUmtYwJwZ1+eZZUjnLuae745iSbv5jEkUa7aA8dIBedoTwqohIqI4oe0TN6RW/Wk/VivVsf49aUNZnZRn9gff4AGSeVTg==</latexit>

F eF + yLHE
c

<latexit sha1_base64="it2nrPQauO0sBz/eMktcKFm2YPc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj00mMF+wFtCJvtpl262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4ej+5nffuLaiEQ94jjlfkwHSkSCUbRSux54pB5Ug1LZrbhzkFXi5aQMORpB6avXT1gWc4VMUmO6npuiP6EaBZN8WuxlhqeUjeiAdy1VNObGn8zPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XjfD6NafCJVmyBVbLIoySTAhs99JX2jOUI4toUwLeythQ6opQ5tQ0YbgLb+8SlrVindduXy4Ktfu8jgKcApncAEe3EAN6tCAJjAYwTO8wpuTOi/Ou/OxaF1z8pkT+APn8wfW+o6Z</latexit>

H1H2

Vector-like Leptons

Second Higgs 
doublet

X
x



<latexit sha1_base64="a9RnzzuhNjGouHdwM2BwYZNYBxk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDbbSbt0Nwm7m0IJ/RtePCji1T/jzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4DG2DDcCu6lCKkOBnXB8N/c7E1SaJ/GjmaYYSDqMecQZNVbyJfEFaq25JJN+tebW3QXIX+IVpAYFmv3qpz9IWCYxNkxQrXuem5ogp8pwJnBW8TONKWVjOsSepTGVqIN8cfOMnFllQKJE2YoNWag/J3IqtZ7K0HZKakZ61ZuL/3m9zEQ3Qc7jNDMYs+WiKBPEJGQeABlwhcyIqSWUKW5vJWxEFWXGxlSxIXirL/8l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGKTwBC/w6mTOs/PmvC9bS04xcwy/4Hx8A7FtkXY=</latexit>

m . v
BSM triggers = Physics coupled to the Higgs with

X
x





BACKUP



<latexit sha1_base64="64f5NFAFhLQMzm8o5xQv7O+CXwM="></latexit>

hG eGi ' (yu + yd)hhif3
⇡(hhi)✓

Non-trivial!

1. U(1)A breaking that can interfere with QCD 
instantons


2. Sensitivity to the Higgs mass (U(1)A breaking and/
or SU(3) running)


3.
<latexit sha1_base64="FuTSEoot70c7ABtAhcHG0LkHwMY=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsxIUZfFunDhogX7gM4wZDJpG5pkhiQjlKE7N/6KGxeKuPUX3Pk3pu0stPVA4HDOudzcEyaMKu0431ZhZXVtfaO4Wdra3tnds/cP2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo/rU7zwQqWgs7vU4IT5HA0H7FCNtpMA+9u5MOEJB5kkOm/WbCfQYUUpRDnkwDOyyU3FmgMvEzUkZ5GgE9pcXxTjlRGjMkFI910m0nyGpKWZkUvJSRRKER2hAeoYKxInys9kdE3hqlAj2Y2me0HCm/p7IEFdqzEOT5EgP1aI3Ff/zeqnuX/kZFUmqicDzRf2UQR3DaSkwopJgzcaGICyp+SvEQyQR1qa6kinBXTx5mbTPK+5FpdqslmvXeR1FcAROwBlwwSWogVvQAC2AwSN4Bq/gzXqyXqx362MeLVj5zCH4A+vzBxvmmNc=</latexit>

⇤QCD . mh



INSTANTONS
<latexit sha1_base64="uZyOlLRRHdhffI9x5Yr3O6O5PK8=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjXrosCuKygr1AZyyZNNOG5jIkGaEMfRU3voobF4p0J76MaTugtv4Q+PnOOZycP0oY1cbzPp2l5ZXVtfXCRnFza3tn193bb2iZKkzqWDKpWhHShFFB6oYaRlqJIohHjDSjwfWk3nwkSlMp7s0wISFHPUFjipGxqONWgqRPYUASTZkUD1nA00CkgerLQNMeR6ObTs6m7od33JJX9qaCi8bPTQnkqnXccdCVOOVEGMyQ1m3fS0yYIWUoZmRUDFJNEoQHqEfa1grEiQ6z6YUjeGxJF8ZS2ScMnNLfExniWg95ZDs5Mn09X5vA/2rt1MSVMKMiSQ0ReLYoThk0Ek7igl2qCDZsaA3Citq/QtxHCmFjQy3aEPz5kxdN47TsX5TP785K1as8jgI4BEfgBPjgElTBLaiBOsDgCbyAN/DuPDuvzocznrUuOfnMAfgj5+sbkdelpg==</latexit>

�✏µ⌫⇢�Fµ⌫F⇢�

<latexit sha1_base64="g+WHSEZfIInUNKzXteWdD4xoKSw="></latexit>

V (�) ⇠
Z 1

0

d⇢

⇢4
e
� 8⇡2

g2(⇢) ⇥ ...

Approximate scale invariance of gauge theory = big hierarchy of scales



EXAMPLE: SU(2) CONSTRAINED INSTANTONS

<latexit sha1_base64="mvo00Ld7+h5jwPO9zPp53amnP1U=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNryPRi0dMhCWBDZmdbWDC7MOZXgzZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wdNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfg+sPbqe+OQGkRRw84TsALWT8SPcEZGslzO08iABQyAOp2yxW7as9Al4mTkwrJUe+WvzpBzNMQIuSSad127AS9jCkUXMKk1Ek1JIwPWR/ahkYsBO1ls6Mn9MQoAe3FylSEdKb+nshYqPU49E1nyHCgF72p+J/XTrF37WUiSlKEiM8X9VJJMabTBGggFHCUY0MYV8LcSvmAKcbR5FQyITiLLy+T5lnVuaxe3J9Xajd5HEVyRI7JKXHIFamRO1InDcLJI3kmr+TNGlkv1rv1MW8tWPnMIfkD6/MHeTWR6w==</latexit>

WfW Not observable

SM



EXAMPLE: SU(2) CONSTRAINED INSTANTONS

<latexit sha1_base64="mvo00Ld7+h5jwPO9zPp53amnP1U=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNryPRi0dMhCWBDZmdbWDC7MOZXgzZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wdNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfg+sPbqe+OQGkRRw84TsALWT8SPcEZGslzO08iABQyAOp2yxW7as9Al4mTkwrJUe+WvzpBzNMQIuSSad127AS9jCkUXMKk1Ek1JIwPWR/ahkYsBO1ls6Mn9MQoAe3FylSEdKb+nshYqPU49E1nyHCgF72p+J/XTrF37WUiSlKEiM8X9VJJMabTBGggFHCUY0MYV8LcSvmAKcbR5FQyITiLLy+T5lnVuaxe3J9Xajd5HEVyRI7JKXHIFamRO1InDcLJI3kmr+TNGlkv1rv1MW8tWPnMIfkD6/MHeTWR6w==</latexit>

WfW Not observable

<latexit sha1_base64="Ff+paul1OLSnaBi6bSCbL82ceqA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUEQhDAT3I5BLx4UEjCZQBJDT09N0qRnobtHCcNcvfgrXjwo4tU/8Obf2FkOmvig4PFeFVX13JgzqSzr28gtLC4tr+RXC2vrG5tb5vZOQ0aJoFCnEY9E0yUSOAuhrpji0IwFkMDl4LiDy5Hv3IOQLApv1TCGTkB6IfMZJUpLXRM77QfmgWLcA+zgI9z2BaFprVa7ztKbu3LWNYtWyRoDzxN7SopoimrX/Gp7EU0CCBXlRMqWbcWqkxKhGOWQFdqJhJjQAelBS9OQBCA76fiTDB9oxcN+JHSFCo/V3xMpCaQcBq7uDIjqy1lvJP7ntRLln3dSFsaJgpBOFvkJxyrCo1iwxwRQxYeaECqYvhXTPtFRKB1eQYdgz748Txrlkn1aOqkdFysX0zjyaA/to0NkozNUQVeoiuqIokf0jF7Rm/FkvBjvxsekNWdMZ3bRHxifPwYamUk=</latexit>

WfW +
QQQL

M2

SM

SM+GUT



EXAMPLE: SU(2) CONSTRAINED INSTANTONS
<latexit sha1_base64="Ff+paul1OLSnaBi6bSCbL82ceqA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUEQhDAT3I5BLx4UEjCZQBJDT09N0qRnobtHCcNcvfgrXjwo4tU/8Obf2FkOmvig4PFeFVX13JgzqSzr28gtLC4tr+RXC2vrG5tb5vZOQ0aJoFCnEY9E0yUSOAuhrpji0IwFkMDl4LiDy5Hv3IOQLApv1TCGTkB6IfMZJUpLXRM77QfmgWLcA+zgI9z2BaFprVa7ztKbu3LWNYtWyRoDzxN7SopoimrX/Gp7EU0CCBXlRMqWbcWqkxKhGOWQFdqJhJjQAelBS9OQBCA76fiTDB9oxcN+JHSFCo/V3xMpCaQcBq7uDIjqy1lvJP7ntRLln3dSFsaJgpBOFvkJxyrCo1iwxwRQxYeaECqYvhXTPtFRKB1eQYdgz748Txrlkn1aOqkdFysX0zjyaA/to0NkozNUQVeoiuqIokf0jF7Rm/FkvBjvxsekNWdMZ3bRHxifPwYamUk=</latexit>

WfW +
QQQL

M2

<latexit sha1_base64="CoG9Xv2dm2qJzhnRnhfGtlaURtc="></latexit>

V (�) ⇠ hhi10

M6
e�

2⇡
↵2(hhi) +M4e�

2⇡
↵2(M)

Tantalizing T=0 connection between B+L breaking 
and Higgs mass



TOY MODEL (zoom in on shallow minimum)

<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±



<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

TOY MODEL (zoom in on shallow minimum)



<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

TOY MODEL (zoom in on shallow minimum)

<latexit sha1_base64="pcfa3QRa7YDQDQfsvyYoMHpbiX0=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhCoSalqMuiGzdCBfuAJobJZNIOnTw6MymUkE9w46+4caGIW5fu/BunbRbaeuDC4Zx7Z+49bsyokIbxrS0tr6yurRc2iptb2zu7+t5+S0QJx6SJIxbxjosEYTQkTUklI52YExS4jLTdwfXEb48IFzQK7+U4JnaAeiH1KUZSSY5+cuuUoUWGCR1BSwy5TAMnteI+dcrZQ/XMYuopD2XQ0UtGxZgCLhIzJyWQo+HoX5YX4SQgocQMCdE1jVjaKeKSYkayopUIEiM8QD3SVTREARF2Oj0og8dK8aAfcVWhhFP190SKAiHGgas6AyT7Yt6biP953UT6l3ZKwziRJMSzj/yEQRnBSTrQo5xgycaKIMyp2hXiPuIIS5VhUYVgzp+8SFrVinleqd3VSvWrPI4COARH4BSY4ALUwQ1ogCbA4BE8g1fwpj1pL9q79jFrXdLymQPwB9rnD9hlnHw=</latexit>

M+ ⌘
q
m2

�+
/�<latexit sha1_base64="n7WW4jVfue4uiN38/e+v0bmDIIU=">AAACEHicbVC7TsMwFHV4lvIKMLJYVAiWlqSqgLGChQWpSPQhNSFyHKe16jxqO5WqKJ/Awq+wMIAQKyMbf4PbZoCWI13p6Jx77XuPGzMqpGF8a0vLK6tr64WN4ubW9s6uvrffElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cD3x2yPCBY3CezmOiR2gXkh9ipFUkqOf3DplaJFhQkfQEkMu08BJrbhPnXL2UD2zmHrKQxl09JJRMaaAi8TMSQnkaDj6l+VFOAlIKDFDQnRNI5Z2irikmJGsaCWCxAgPUI90FQ1RQISdTg/K4LFSPOhHXFUo4VT9PZGiQIhx4KrOAMm+mPcm4n9eN5H+pZ3SME4kCfHsIz9hUEZwkg70KCdYsrEiCHOqdoW4jzjCUmVYVCGY8ycvkla1Yp5Xane1Uv0qj6MADsEROAUmuAB1cAMaoAkweATP4BW8aU/ai/aufcxal7R85gD8gfb5A97XnIA=</latexit>

M� ⌘
q
m2

��
/�



<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

[RTD, Teresi] ‘21SLIDING NATURALNESS



<latexit sha1_base64="YfEUYtItZfvg/VAgHbNm7Kr37a8=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqs5IUZdFQdwIFewDOsOQSTNtaJIZkoxYhv6KGxeKuPVH3Pk3ZtpZaOuBezmccy+5OWHCqNKO822VVlbX1jfKm5Wt7Z3dPXu/2lFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF/nfveRSEVj8aAnCfE5GgoaUYy0kQK7ehd4CT+9yTv0GIMuDOyaU3dmgMvELUgNFGgF9pc3iHHKidCYIaX6rpNoP0NSU8zItOKliiQIj9GQ9A0ViBPlZ7Pbp/DYKAMYxdKU0HCm/t7IEFdqwkMzyZEeqUUvF//z+qmOLv2MiiTVROD5Q1HKoI5hHgQcUEmwZhNDEJbU3ArxCEmEtYmrYkJwF7+8TDpndfe83rhv1JpXRRxlcAiOwAlwwQVoglvQAm2AwRN4Bq/gzZpaL9a79TEfLVnFzgH4A+vzB/48kx8=</latexit>

M±/F± ⌧ 1

<latexit sha1_base64="xAVwi9J4UsWGSBuNqNo0sEQdZgA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgpjWRoi6LgrgRKtgHNCFMppN26OTBzI1YQn/FjQtF3Poj7vwbp20W2nrgwuGce7n3Hj8RXIFlfRuFldW19Y3iZmlre2d3z9wvt1WcSspaNBax7PpEMcEj1gIOgnUTyUjoC9bxR9dTv/PIpOJx9ADjhLkhGUQ84JSAljyzfOdVT2+8KnaEwA4MGRDPrFg1awa8TOycVFCOpmd+Of2YpiGLgAqiVM+2EnAzIoFTwSYlJ1UsIXREBqynaURCptxsdvsEH2ulj4NY6ooAz9TfExkJlRqHvu4MCQzVojcV//N6KQSXbsajJAUW0fmiIBUYYjwNAve5ZBTEWBNCJde3YjokklDQcZV0CPbiy8ukfVazz2v1+3qlcZXHUUSH6AidIBtdoAa6RU3UQhQ9oWf0it6MifFivBsf89aCkc8coD8wPn8AAxaTKA==</latexit>

M�/F� ⌧ ✓

<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

Familiar from QCD 
<latexit sha1_base64="vre6RFXvi8uckNTqUQahGizC+2E=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIUY9FQTxWsB/QhLDZbtqlu0nYnSil9ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZuaFqeAaHOfbKqysrq1vFDdLW9s7u3v2/kFLJ5mirEkTkahOSDQTPGZN4CBYJ1WMyFCwdji8mvrte6Y0T+I7GKXMl6Qf84hTAkYK7PJ14KUSe4JFoHh/AESp5AFHRuWBXXGqzgx4mbg5qaAcjcD+8noJzSSLgQqiddd1UvDHRAGngk1KXqZZSuiQ9FnX0JhIpv3x7IkJPjZKD0eJMhUDnqm/J8ZEaj2SoemUBAZ60ZuK/3ndDKILf8zjNAMW0/miKBMYEjxNBPe4YhTEyBBCFTe3YjogilAwuZVMCO7iy8ukdVp1z6q121qlfpnHUURldIROkIvOUR3doAZqIooe0TN6RW/Wk/VivVsf89aClc8coj+wPn8AuYKYKg==</latexit>

F± $ f⇡

Small Breaking of Shift-Symmetry at low Energy

<latexit sha1_base64="SgzJosAJxbh7elE4h9XP/a4j2ik=">AAACA3icbVBNS8NAEN34WetX1JteFovgqSRS1GPRixehgv2AJoTNdtMu3U3i7kQppeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZuaFqeAaHOfbWlhcWl5ZLawV1zc2t7btnd2GTjJFWZ0mIlGtkGgmeMzqwEGwVqoYkaFgzbB/Ofab90xpnsS3MEiZL0k35hGnBIwU2PvXgZdK7AkWgeLdHhClkgcsgzsc2CWn7EyA54mbkxLKUQvsL6+T0EyyGKggWrddJwV/SBRwKtio6GWapYT2SZe1DY2JZNofTn4Y4SOjdHCUKFMx4In6e2JIpNYDGZpOSaCnZ72x+J/XziA694c8TjNgMZ0uijKBIcHjQHCHK0ZBDAwhVHFzK6Y9oggFE1vRhODOvjxPGidl97RcuamUqhd5HAV0gA7RMXLRGaqiK1RDdUTRI3pGr+jNerJerHfrY9q6YOUze+gPrM8fp8CXig==</latexit>

M± $ mq

[RTD, Teresi] ‘21SLIDING NATURALNESS



<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

<latexit sha1_base64="/XY6KCny40j0AMJ90LuoopRGxEs="></latexit>

VH�+ ' ⇤4
QCD(hhi)

✓
✓
�+

F+
+

�2
+

F 2
+

◆
+ ✓

��
F�

+ ...

�

[RTD, Teresi] ‘21SLIDING NATURALNESS



[RTD, Teresi] ‘21SLIDING NATURALNESS
<latexit sha1_base64="RhEOFz7sGN9lMTKkhggOevajSEE="></latexit>

VH�� ' ✓e↵⇤
4
QCD(hhi)

��
F�
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[RTD, Teresi] ‘21SLIDING NATURALNESS
<latexit sha1_base64="RhEOFz7sGN9lMTKkhggOevajSEE="></latexit>

VH�� ' ✓e↵⇤
4
QCD(hhi)

��
F�



[RTD, Teresi] ‘21SLIDING NATURALNESS

<latexit sha1_base64="t+qKpKDnHEtyD5omlWcVOgzKzxY="></latexit>

VH�+ ' ⇤4
QCD(hhi)
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[RTD, Teresi] ‘21SLIDING NATURALNESS

<latexit sha1_base64="t+qKpKDnHEtyD5omlWcVOgzKzxY="></latexit>

VH�+ ' ⇤4
QCD(hhi)

✓
✓
�+

F+
+

�2
+

F 2
+

◆



<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

Solve Strong-CP and Hierarchy problem!

[RTD, Teresi] ‘21SLIDING NATURALNESS
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[RTD, Teresi] ‘21SLIDING NATURALNESS



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

SM Landscape
<latexit sha1_base64="Tyn54NIu9RjSFVcyU+cWmXbnv6E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QXUo2zbahSTYmWaGU/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJppQpsk5anuxNhQziRtWmY57ShNsYg5bcej25nffqLasFQ+2LGikcADyRJGsHVSJ1RD1guV6JUrftWfA62SICcVyNHolb/CfkoyQaUlHBvTDXxlownWlhFOp6UwM1RhMsID2nVUYkFNNJnfO0VnTumjJNWupEVz9ffEBAtjxiJ2nQLboVn2ZuJ/XjezyXU0YVJllkqyWJRkHNkUzZ5HfaYpsXzsCCaauVsRGWKNiXURlVwIwfLLq6R1UQ0uq7X7WqV+k8dRhBM4hXMI4ArqcAcNaAIBDs/wCm/eo/fivXsfi9aCl88cwx94nz8dcJAI</latexit>

�±
<latexit sha1_base64="WlAfInymTu473j3dUsRZRUNxkJg=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0UVdVrAPaEKYTG7aoZMHMxOlhG78FTcuFHHrZ7jzb5y2WWjrgQuHc+7l3nv8lDOpLOvbKK2srq1vlDcrW9s7u3vm/kFHJpmg0KYJT0TPJxI4i6GtmOLQSwWQyOfQ9Uc3U7/7AEKyJL5X4xTciAxiFjJKlJY888hJh8xz0gg3sfPIAlCMB4Cbnlm1atYMeJnYBamiAi3P/HKChGYRxIpyImXftlLl5kQoRjlMKk4mISV0RAbQ1zQmEUg3nz0wwadaCXCYCF2xwjP190ROIinHka87I6KGctGbiv95/UyFV27O4jRTENP5ojDjWCV4mgYOmACq+FgTQgXTt2I6JIJQpTOr6BDsxZeXSee8Zl/U6nf1auO6iKOMjtEJOkM2ukQNdItaqI0omqBn9IrejCfjxXg3PuatJaOYOUR/YHz+AK72ldQ=</latexit>

�±G eG



[Agrawal, Barr, Donoghue, Seckel ’97]

Symmetric Sector
SM Landscape

<latexit sha1_base64="dWfsYM3IHT/a0IuTETF53vHkihI=">AAACCHicbVDNS8MwHE39nPOr6tGDwSF4Gq2KehzOgweFDdwHrKWkabqFJW1JUmGUHr34r3jxoIhX/wRv/jdmWw+6+SDw8t77kfyenzAqlWV9GwuLS8srq6W18vrG5ta2ubPblnEqMGnhmMWi6yNJGI1IS1HFSDcRBHGfkY4/rI/9zgMRksbRvRolxOWoH9GQYqS05JkHzq0OB8jLHMFhs36dO4zBu+m1wXLPrFhVawI4T+yCVECBhmd+OUGMU04ihRmSsmdbiXIzJBTFjORlJ5UkQXiI+qSnaYQ4kW42WSSHR1oJYBgLfSIFJ+rviQxxKUfc10mO1EDOemPxP6+XqvDSzWiUpIpEePpQmDKoYjhuBQZUEKzYSBOEBdV/hXiABMJKd1fWJdizK8+T9knVPq+eNs8qtauijhLYB4fgGNjgAtTADWiAFsDgETyDV/BmPBkvxrvxMY0uGMXMHvgD4/MHqp6ZHw==</latexit>

⇤QCD ⌧ MPl

<latexit sha1_base64="xoKBqbnO1HC/3c5W6pNoGBtfFZk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6L9eCxBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaDcW3mt5+o0iySD2YSU1/goWQhI9hY6THtKYEatbtpv1hyy+4caJV4GSlBhnq/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/ODp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMT3vgpk3FiqCSLRWHCkYnQ7Hs0YIoSwyeWYKKYvRWREVaYGJtRwYbgLb+8SloXZe+qfNmolKq3WRx5OIFTOAcPrqEK91CHJhAQ8Ayv8OYo58V5dz4WrTknmzmGP3A+fwA1OZAH</latexit>

QCD
“Friendly”


String Landscape?
[Arakni-Hamed, Dimopoulos, Kachru, ‘05]

EXAMPLE 1: ANTHROPIC ARGUMENTS

<latexit sha1_base64="bdIFcOcXq7UuZxg92ZlsgIcVFZ0=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAh1YUnE17LoxmUF+4A0lMl00g6dTNKZGzGEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89fiy4Btv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/vJ34rUemNI/kA6Qx80LSlzzglICR3FY3G43GlafT9KRbKttVewq8SJyclFGOerf01elFNAmZBCqI1q5jx+BlRAGngo2LnUSzmNAh6TPXUElCpr1sevIYHxulh4NImZKAp+rviYyEWqehbzpDAgM9703E/zw3geDay7iME2CSzhYFicAQ4cn/uMcVoyBSQwhV3NyK6YAoQsGkVDQhOPMvL5LmWdW5rF7cn5drN3kcBXSIjlAFOegK1dAdqqMGoihCz+gVvVlgvVjv1sesdcnKZw7QH1ifP8lekPE=</latexit>

Wqq(x� y)



<latexit sha1_base64="P1NgnwBPGqiIGkvBGqASxu3c5GA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qBehKojHCvZD2hA2m027dLMJuxuhhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzz084U9q2v63C0vLK6lpxvbSxubW9U97da6k4lYQ2Scxj2fGxopwJ2tRMc9pJJMWRz2nbH95M/PYTlYrF4kGPEupGuC9YyAjWRnq89WqXAbryTr1yxa7aU6BF4uSkAjkaXvmrF8QkjajQhGOluo6daDfDUjPC6bjUSxVNMBniPu0aKnBElZtNDx6jI6MEKIylKaHRVP09keFIqVHkm84I64Ga9ybif1431eGFmzGRpJoKMlsUphzpGE2+RwGTlGg+MgQTycytiAywxESbjEomBGf+5UXSOqk6Z9XT+1qlfp3HUYQDOIRjcOAc6nAHDWgCgQie4RXeLGm9WO/Wx6y1YOUz+/AH1ucPEc+PSQ==</latexit>

F4 = dA3

<latexit sha1_base64="gCBkGPRXZ2IGfl+m2kYV3a8m1Gw="></latexit>

S �
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d4x
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✓
F 2
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+ ...)|�|2 + ...
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@⇠b
@x⇢

@⇠c
✏abc

EXAMPLE 2: STATISTICAL ARGUMENTS

[Dvali, Vilenkin ’03], [Dvali ’04]



<latexit sha1_base64="s7HDOsQPqUAn7uqopA4dVt7ZY3w=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR68KSVFE3QtGNG0sFe4EmLZPppB06uTgzEUrII7jxVdy4UMStS3e+jZM2C63+MPDxn3M4c34nZFRIw/jScnPzC4tL+eXCyura+oa+udUUQcQxaeCABbztIEEY9UlDUslIO+QEeQ4jLWd0mdZb94QLGvi3chwS20MDn7oUI6msnr5/V7LCIT04t1yOcJxyt5bE173Y4h6ss6Qb1w4rSdLTi0bZmAj+BTODIshU7+mfVj/AkUd8iRkSomMaobRjxCXFjCQFKxIkRHiEBqSj0EceEXY8OSiBe8rpQzfg6vkSTtyfEzHyhBh7jur0kByK2Vpq/lfrRNI9s2Pqh5EkPp4uciMGZQDTdGCfcoIlGytAmFP1V4iHSCUjVYYFFYI5e/JfaFbK5kn56Oa4WL3I4siDHbALSsAEp6AKrkAdNAAGD+AJvIBX7VF71t6092lrTstmtsEvaR/fS0OcxA==</latexit>

q(�) =
�N

MN�2
Pl

At every step the brane charge is smaller 
-> most vacua are at small vev

<latexit sha1_base64="WPx4eNRcn3ruL6ZDl1VZ6xTqfB8=">AAACN3icbVDLSgMxFM34rPVVdekmWAQ31pkq6rKoC1elgn1AZyyZ9LYNzWSGJCOUoX/lxt9wpxsXirj1D0zbWWjbA4HDOedyc48fcaa0bb9aC4tLyyurmbXs+sbm1nZuZ7emwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/f71yK8/glQsFPd6EIEXkK5gHUaJNlIrV3ZvgGuCXU5El4Mb9Zgrx/SheDJPxK5iwbx4Uj4uDlu5vF2wx8CzxElJHqWotHIvbjukcQBCU06Uajp2pL2ESM0oh2HWjRVEhPZJF5qGChKA8pLx3UN8aJQ27oTSPKHxWP07kZBAqUHgm2RAdE9NeyNxnteMdefSS5iIYg2CThZ1Yo51iEcl4jaTQDUfGEKoZOavmPaIJFSbqrOmBGf65FlSKxac88Lp3Vm+dJXWkUH76AAdIQddoBK6RRVURRQ9oTf0gT6tZ+vd+rK+J9EFK53ZQ/9g/fwC11mtHw==</latexit>

�h�i2/h�i2 ⇠ h�iN�2

EXAMPLE 2: STATISTICAL ARGUMENTS

[Dvali, Vilenkin ’03], [Dvali ’04]



Symmetric Sector
SM Landscape

EXAMPLE 2: STATISTICAL ARGUMENTS

<latexit sha1_base64="wNKLrJ4BpSRl5HM9Lu6hjiotD+c=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhNmE3iloGbWyECOYB2XWZnUySITOz68ysEJY0Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMKu0431ZuYXFpeSW/Wlhb39jcsrd3GipKJCZ1HLFItkKkCKOC1DXVjLRiSRAPGWmGg8ux33wgUtFI3OphTHyOeoJ2KUbaSIG9f1/y4j498hhRSlEOr4PUkxzW2OiuEthFp+xMAOeJm5EiyFAL7C+vE+GEE6ExQ0q1XSfWfoqkppiRUcFLFIkRHqAeaRsqECfKTydfjOChUTqwG0lTQsOJ+nsiRVypIQ9NJ0e6r2a9sfif105099xPqYgTTQSeLuomDOoIjiOBHSoJ1mxoCMKSmlsh7iOJsDbBFUwI7uzL86RRKbun5eObk2L1IosjD/bAASgBF5yBKrgCNVAHGDyCZ/AK3qwn68V6tz6mrTkrm9kFf2B9/gCAApfx</latexit>

q(�) . M2
Pl

[Dvali, Vilenkin ’03], [Dvali ’04]

<latexit sha1_base64="zuWFsz2QfO29S4TK6Ipv2w9pty4=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbFqEfUi0eM8khgQ2aHBibMzm5mZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHslHM47RD+lA8j5n1Fjp4bpb6RZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGWdm7KFfuz0vVmyyOPBzBMZyCB5dQhTuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4AvXuNcw==</latexit>

A3

<latexit sha1_base64="RvdtOhRreEtl0e2x1bU48Jp+188=">AAACFXicbVDLSsNAFJ3Ud31FXboZLIKglqSKuvSxcaNUsFpoYphMJ+3QySTMTIQy5Cfc+CtuXCjiVnDn3zitWWjrgQuHc+7l3nvClFGpHOfLKk1MTk3PzM6V5xcWl5btldUbmWQCkwZOWCKaIZKEUU4aiipGmqkgKA4ZuQ17ZwP/9p4ISRN+rfop8WPU4TSiGCkjBfaOFwmEtZd26d1lri8C7YkY1ll+py93a3nuUa4CXdt285NgL7ArTtUZAo4TtyAVUKAe2J9eO8FZTLjCDEnZcp1U+RoJRTEjednLJEkR7qEOaRnKUUykr4df5XDTKG0YJcIUV3Co/p7QKJayH4emM0aqK0e9gfif18pUdORrytNMEY5/FkUZgyqBg4hgmwqCFesbgrCg5laIu8jEpEyQZROCO/ryOLmpVd2D6t7VfuX4tIhjFqyDDbAFXHAIjsE5qIMGwOABPIEX8Go9Ws/Wm/X+01qyipk18AfWxzcOyp65</latexit>

�N

MN�2
Pl

Z

2+1
A3

<latexit sha1_base64="O2xakEXcM6PYAOsUYlzu1aZjJHQ=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiS1qMuiIG6ECvYBTRom00k7dDIJMxOhpN278VfcuFDErT/gzr9x2mahrQcunDnnXube48eMSmVZ30ZuZXVtfSO/Wdja3tndM/cPmjJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9Lyh1dTv/VAhKQRv1ejmLgh6nMaUIyUljyz6AQC4fTaq3Yrk/TWSx0Rwjqb6NfYiQd03K14ZskqWzPAZWJnpAQy1D3zy+lFOAkJV5ghKTu2FSs3RUJRzMik4CSSxAgPUZ90NOUoJNJNZ7dM4LFWejCIhC6u4Ez9PZGiUMpR6OvOEKmBXPSm4n9eJ1HBhZtSHieKcDz/KEgYVBGcBgN7VBCs2EgThAXVu0I8QDocpeMr6BDsxZOXSbNSts/Kp3fVUu0yiyMPjkARnAAbnIMauAF10AAYPIJn8ArejCfjxXg3PuatOSObOQR/YHz+AJoAmsg=</latexit>

F 2
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Pl
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<latexit sha1_base64="SMvEB0kbA7BvuzMpUXRDZSIw/i8="></latexit>

V (�) = g�+ ...+ (M2 + g�+ ...)|H|2 + �
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EXAMPLE 3: DYNAMICAL ARGUMENTS

[Graham, Kaplan, Rajendran ’15],
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[Graham, Kaplan, Rajendran ’15],

<latexit sha1_base64="PKP/G/k7PwOhGBALkdr6Fd5PpYs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5V/fKhUWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWJI5H</latexit>

�

<latexit sha1_base64="y27v6R9X3oFqSupLast54h4OKdY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRW1GXRjRuhgn1AE8NkOmmHzkzCzEQsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFulldW19Y3yZmVre2d3z96vdlScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINx9dTv/tIpKKxuNeThPgcDQWNKEbaSIFdHUKPMXgbZJ7ksMXyh0Zg15y6MwNcJm5BaqBAK7C/vEGMU06Exgwp1XedRPsZkppiRvKKlyqSIDxGQ9I3VCBOlJ/Nbs/hsVEGMIqlKaHhTP09kSGu1ISHppMjPVKL3lT8z+unOrr0MyqSVBOB54uilEEdw2kQcEAlwZpNDEFYUnMrxCMkEdYmrooJwV18eZl0Tuvueb1xd1ZrXhVxlMEhOAInwAUXoAluQAu0AQZP4Bm8gjcrt16sd+tj3lqyipkD8AfW5w+mipOO</latexit>

g ⌧ M3
Pl

<latexit sha1_base64="7aKf31yYcyBywIQXksnYUcLtDas=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KoqMeih3qsYD+gCWWzmbZLN5uwu1FL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrK6tbxQ3S1vbO7t79n65peJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPRzdRvP4BULBb3epyAH5GBYH1GiTZSzy57yZDhuvfIQtCMh4DrPbviVJ0Z8DJxc1JBORo9+8sLY5pGIDTlRKmu6yTaz4jUjHKYlLxUQULoiAyga6ggESg/m90+wcdGCXE/lqaExjP190RGIqXGUWA6I6KHatGbiv953VT3r/yMiSTVIOh8UT/lWMd4GgQOmQSq+dgQQiUzt2I6JJJQbeIqmRDcxZeXSeu06l5Uz+7OK7XrPI4iOkRH6AS56BLV0C1qoCai6Ak9o1f0Zk2sF+vd+pi3Fqx85gD9gfX5AzWlk+k=</latexit>

�G eG
<latexit sha1_base64="KPSRKfjTYBYNVfxjGvDDqB0LBuU=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmLiieyiUY9ELxwxkY+EXUm3FGjodpu2a0IW/oYXDxrj1T/jzX9jgT0o+JJJXt6bycy8UHKmjet+O7m19Y3Nrfx2YWd3b/+geHjU1HGiCG2QmMeqHWJNORO0YZjhtC0VxVHIaSsc3c381hNVmsXiwYwlDSI8EKzPCDZW8gfIl0OGJrXJY6VbLLlldw60SryMlCBDvVv88nsxSSIqDOFY647nShOkWBlGOJ0W/ERTickID2jHUoEjqoN0fvMUnVmlh/qxsiUMmqu/J1IcaT2OQtsZYTPUy95M/M/rJKZ/E6RMyMRQQRaL+glHJkazAFCPKUoMH1uCiWL2VkSGWGFibEwFG4K3/PIqaVbK3lX54v6yVL3N4sjDCZzCOXhwDVWoQR0aQEDCM7zCm5M4L86787FozTnZzDH8gfP5Aw5skQ4=</latexit>

g�|H|2


