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Cosmological Constant

SIZE OF THE 
UNIVERSE
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Higgs Mass Squared

WEAK FORCE, 
STRUCTURE OF 

NUCLEI, COMPLEX 
CHEMISTRY, …
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Selection Rules of 
Spacetime Dilations

(assuming masses at 
the Planck scale)
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Selection Rules of the 
Higher-Spin Symmetry 

of Free Scalars

See R. Rattazzi @ GGI: https://www.ggi.infn.it/talkfiles/slides/slides5297.pdf

https://www.ggi.infn.it/talkfiles/slides/slides5297.pdf
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Theory ~ 10   Experiment120 Theory~10  Experiment34
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Higgs Mass Squared
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Higgs Mass Squared

This is not a well-posed problem 

in the Standard Model EFT
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Higgs Mass Squared

The two quantities are not calculable
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Higgs Mass Squared

Precious clue about fundamental physics in the UV




WHAT KIND OF PHYSICIST ARE YOU?



The Theorist



The Theorist

SM

SUSY

String
Planck



The Experimentalist



The Experimentalist

SM

Mysterious

QG 

Blob 



The Theorist  
who wants to be an 

Experimentalist 

SM

SUSY

or confining 

sector

or …

Mysterious QG 

Blob 
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Why M4
Pl � m4

h,⇤
4
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SM

Mysterious

QG 

Blob 



1. Cosmological Constant and 
Higgs mass are inputs (can not 
be calculated, only measured)


2. UV/IR Mixing


3. IR constraints from UV 
consistency (swampland, …)
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SUSY

Mysterious

QG 

Blob 

SM

SUSY

String
Planck

Well-posed 
question in the 

low energy 
theory
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Caveat: it could sill be answered in 
the UV (landscape+swampland, …)



EXAMPLE: HIGGS VEV IN THE MSSM
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FINE-TUNING 101

A physical observable can be computed as the sum of 
multiple unrelated contributions

<latexit sha1_base64="KRScMZK842gCcmdkRvg+wx7jL2U=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIBRCUhTdCEU37lrBPqANYTKdtEMnkzAzEUrIxl9x40IRt36GO//GSZuFth64cDjnXu69x48Zlcq2v43Syura+kZ5s7K1vbO7Z+4fdGSUCEzaOGKR6PlIEkY5aSuqGOnFgqDQZ6TrT25zv/tIhKQRf1DTmLghGnEaUIyUljzzaBAiNcaIpc3suuk5taZXr1mW5ZlV27JngMvEKUgVFGh55tdgGOEkJFxhhqTsO3as3BQJRTEjWWWQSBIjPEEj0teUo5BIN509kMFTrQxhEAldXMGZ+nsiRaGU09DXnfm5ctHLxf+8fqKCKzelPE4U4Xi+KEgYVBHM04BDKghWbKoJwoLqWyEeI4Gw0plVdAjO4svLpFO3nAvLvj+vNm6KOMrgGJyAM+CAS9AAd6AF2gCDDDyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHWLWU7g==</latexit>

O = O1 +O2 + ...

At least two of them are much larger than its observed 
value

<latexit sha1_base64="bsIHSZ1og82jnKLqEguCHeXloXk=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4kDJTRF0W3bhrBfuAzjBk0rQNTSZDkhHKdD7Ajb/ixoUibv0Ad/6NmXYW2nogcDjnXHLvCSJGlbbtb6uwsrq2vlHcLG1t7+zulfcP2krEEpMWFkzIboAUYTQkLU01I91IEsQDRjrB+CbzOw9EKirCez2JiMfRMKQDipE2kl+uuBzpEUYsaaR+4koORaBS6DIGpw0/cc5q6dSk7Ko9A1wmTk4qIEfTL3+5fYFjTkKNGVKq59iR9hIkNcWMpCU3ViRCeIyGpGdoiDhRXjI7JoUnRunDgZDmhRrO1N8TCeJKTXhgktnqatHLxP+8XqwHV15CwyjWJMTzjwYxg1rArBnYp5JgzSaGICyp2RXiEZIIa9NfyZTgLJ68TNq1qnNRte/OK/XrvI4iOALH4BQ44BLUwS1oghbA4BE8g1fwZj1ZL9a79TGPFqx85hD8gfX5A1IcmyI=</latexit>

Oobs ⌧ |O1,2|



FINE-TUNING 101

Is there a symmetry without a landscape?

Is there a landscape?

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

O1 = �O2 + ✏

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

O1 = �O2 + ✏
<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏



FINE-TUNING 101

Is there a symmetry without a landscape?

Is there a landscape? 
Example:

Prepare Ising Model

<latexit sha1_base64="chuHbF8maZA+KA2LIZ7AVz7dWuw=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVw05JRUZdFNy4r9AXtOGTSTBuaZMYkI9Sh+CtuXCji1v9w59+YPhbaeuDC4Zx7ufeeMOFMG4S+nYXFpeWV1dxafn1jc2vb3dmt6zhVhNZIzGPVDLGmnElaM8xw2kwUxSLktBH2r0d+44EqzWJZNYOE+gJ3JYsYwcZKgbtfLVYD0tZM0HvoobuseIqGgVtAJTQGnCfelBTAFJXA/Wp3YpIKKg3hWOuWhxLjZ1gZRjgd5tuppgkmfdylLUslFlT72fj6ITyySgdGsbIlDRyrvycyLLQeiNB2Cmx6etYbif95rdREl37GZJIaKslkUZRyaGI4igJ2mKLE8IElmChmb4WkhxUmxgaWtyF4sy/Pk/pJyTsvoduzQvlqGkcOHIBDcAw8cAHK4AZUQA0Q8AiewSt4c56cF+fd+Zi0LjjTmT3wB87nD3gqk/E=</latexit>

T � Tc ' 10�30

The scalar is  
much lighter  

than the lattice spacing

Scan Temperature

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

O1 = �O2 + ✏



STATUS OF THE FIELD

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

O1 = �O2 + ✏

Is there a symmetry without a landscape?



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

⇤4

Cosmological Constant Higgs Mass

Extremely different 
scales (and physics)

<latexit sha1_base64="6Y07u7KaYfiBrwMJQS34NsqS5GA=">AAACA3icdVDLSsNAFJ34rPUVdaebwSK4MSRFqt0V3bhwUcE+oIlhMpm0Q2eSODMRSii48VfcuFDErT/hzr9x+hB8Hhg4nHMud+4JUkalsu13Y2Z2bn5hsbBUXF5ZXVs3NzabMskEJg2csES0AyQJozFpKKoYaaeCIB4w0gr6pyO/dUOEpEl8qQYp8TjqxjSiGCkt+ea2e67DIYKupJxcQ8e+yg+c8pD7Pd8s2VbVdqoVB/4mjmWPUQJT1H3zzQ0TnHESK8yQlB3HTpWXI6EoZmRYdDNJUoT7qEs6msaIE+nl4xuGcE8rIYwSoV+s4Fj9OpEjLuWABzrJkerJn95I/MvrZCo69nIap5kiMZ4sijIGVQJHhcCQCoIVG2iCsKD6rxD3kEBY6dqKuoTPS+H/pFm2nIplXxyWaifTOgpgB+yCfeCAI1ADZ6AOGgCDW3APHsGTcWc8GM/GyyQ6Y0xntsA3GK8fiY2W1Q==</latexit>

⇤ ' 10�12mh



) )( (X

Traditional Approach: Factorize the problems

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

⇤4
<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2



STATUS OF THE FIELD

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

O1 = �O2 + ✏

<latexit sha1_base64="73gB7oIhIzff+74BBDK7Okyb36g=">AAACC3icdVC7SgNBFJ31GeMramkzJAixWXY1qMFGtLGwUDAPyG7C7OyNDs7srjOzQljS2/grNhaK2PoDdv6Nk4fg88DA4ZxzuXNPkHCmtOO8WxOTU9Mzs7m5/PzC4tJyYWW1ruJUUqjRmMeyGRAFnEVQ00xzaCYSiAg4NIKro4HfuAGpWByd614CviAXEesySrSROoWid2LCIWlXPMUEXOOyY7vefuZJgQXU+5vtSqdQcuyq41Z3XPybuLYzRAmNcdopvHlhTFMBkaacKNVynUT7GZGaUQ79vJcqSAi9IhfQMjQiApSfDW/p4w2jhLgbS/MijYfq14mMCKV6IjBJQfSl+ukNxL+8Vqq7e37GoiTVENHRom7KsY7xoBgcMglU854hhEpm/orpJZGEalNf3pTweSn+n9S3bHfH3j6rlA4Ox3Xk0DoqojJy0S46QMfoFNUQRbfoHj2iJ+vOerCerZdRdMIaz6yhb7BePwDG5pmj</latexit>

⇤4 ' (0.1 meV)4

Is there a symmetry without a landscape?



STATUS OF THE FIELD

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

O1 = �O2 + ✏

<latexit sha1_base64="73gB7oIhIzff+74BBDK7Okyb36g=">AAACC3icdVC7SgNBFJ31GeMramkzJAixWXY1qMFGtLGwUDAPyG7C7OyNDs7srjOzQljS2/grNhaK2PoDdv6Nk4fg88DA4ZxzuXNPkHCmtOO8WxOTU9Mzs7m5/PzC4tJyYWW1ruJUUqjRmMeyGRAFnEVQ00xzaCYSiAg4NIKro4HfuAGpWByd614CviAXEesySrSROoWid2LCIWlXPMUEXOOyY7vefuZJgQXU+5vtSqdQcuyq41Z3XPybuLYzRAmNcdopvHlhTFMBkaacKNVynUT7GZGaUQ79vJcqSAi9IhfQMjQiApSfDW/p4w2jhLgbS/MijYfq14mMCKV6IjBJQfSl+ukNxL+8Vqq7e37GoiTVENHRom7KsY7xoBgcMglU854hhEpm/orpJZGEalNf3pTweSn+n9S3bHfH3j6rlA4Ox3Xk0DoqojJy0S46QMfoFNUQRbfoHj2iJ+vOerCerZdRdMIaz6yhb7BePwDG5pmj</latexit>

⇤4 ' (0.1 meV)4
<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

We have been looking for these 
simple and elegant solutions for 

more than 40 years

Is there a symmetry without a landscape?



We have been looking for these simple and 
elegant solutions for more than 40 years

It is a good time to consider seriously more 
creative alternatives 



A LANDSCAPE

Is there a landscape?

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

O1 = �O2 + ✏
<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏



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

O1 = �O2 + ✏
<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

1. One day it can be tested experimentally 

2. Currently our most concrete explanation for the CC

3. It probably exists independently of the two problems 

A LANDSCAPE

Is there a landscape?



EXAMPLE: HIGGS VEV IN THE MSSM

<latexit sha1_base64="XtnPMUF3jduKfF7Dc6KrF+sxz4o="></latexit>
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<latexit sha1_base64="GlSDKcWcZM7YbKwtcA1k80yjZjQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaSKuiy66bKCfUCbhsl0kg6dmYSZiRBC/RU3LhRx64e482+ctllo64ELh3Pu5d57goRRpR3n21pb39jc2i7tlHf39g8O7aPjjopTiUkbxyyWvQApwqggbU01I71EEsQDRrrB5G7mdx+JVDQWDzpLiMdRJGhIMdJG8u0K9/Omn06HdTiIIsj98bDu21Wn5swBV4lbkCoo0PLtr8EoxiknQmOGlOq7TqK9HElNMSPT8iBVJEF4giLSN1QgTpSXz4+fwjOjjGAYS1NCw7n6eyJHXKmMB6aTIz1Wy95M/M/rpzq88XIqklQTgReLwpRBHcNZEnBEJcGaZYYgLKm5FeIxkghrk1fZhOAuv7xKOvWae1W7uL+sNm6LOErgBJyCc+CCa9AATdACbYBBBp7BK3iznqwX6936WLSuWcVMBfyB9fkDi1OUDw==</latexit>

m2
Hu

� m2
h

Is there a problem? You first need to know the 
distribution of these parameters in the 

landscape



Change of perspective:

<latexit sha1_base64="2dyZYvSI00BDw4PE5fFcr1sgs9c=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLeskxglkwmYSeTk/SpKdn6O4RwiR/4cWDIl79G2/+jZ1FcH1Q8Hiviqp6fsyZ0o7zbmVWVtfWN7Kbua3tnd29/P5BQ0WJJLROIh7Jlo8V5UzQumaa01YsKQ59Tpv+6GrmN++oVCwSN3ocUy/EA8ECRrA20m3YG3aLk+qkW+zlC45ddtxyyUW/iWs7cxRgiVov/9bpRyQJqdCEY6XarhNrL8VSM8LpNNdJFI0xGeEBbRsqcEiVl84vnqITo/RREElTQqO5+nUixaFS49A3nSHWQ/XTm4l/ee1EBxdeykScaCrIYlGQcKQjNHsf9ZmkRPOxIZhIZm5FZIglJtqElDMhfH6K/ieNou2WbOf6rFC5XMaRhSM4hlNw4RwqUIUa1IGAgHt4hCdLWQ/Ws/WyaM1Yy5lD+Abr9QNs7ZDF</latexit>

m
2
h|H|2

Can we find the origin of the weak scale early in 
the history of the Universe?

<latexit sha1_base64="5vKAJVZMAY0OuG+seUdUavCZ4EQ=">AAAB+XicdVDLSgMxFM34rPU16tJNsAh1M8yUUu2u6MaFiwr2Ae10yKSZNjTJDEmmUIb+iRsXirj1T9z5N6YPweeBwOGcc7k3J0wYVdp1362V1bX1jc3cVn57Z3dv3z44bKo4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVjq5mfmtMpKKxuNOThPgcDQSNKEbaSIFtd29MuI965SIPhr3SWWAXXKfqetWKB38Tz3HnKIAl6oH91u3HOOVEaMyQUh3PTbSfIakpZmSa76aKJAiP0IB0DBWIE+Vn88un8NQofRjF0jyh4Vz9OpEhrtSEhybJkR6qn95M/MvrpDq68DMqklQTgReLopRBHcNZDbBPJcGaTQxBWFJzK8RDJBHWpqy8KeHzp/B/0iw5XsVxb8uF2uWyjhw4BiegCDxwDmrgGtRBA2AwBvfgETxZmfVgPVsvi+iKtZw5At9gvX4AatmS4g==</latexit>

⇤4(m2
h)



Historically:

Multiverse

+Anthropic selection

New class of 
ideas that can 

be tested in the 
laboratory in 

the near future

Recently:



Historically:

Multiverse

+Anthropic selection

New class of 
ideas that can 

be tested in the 
laboratory in 

the near future

Recently:



EXAMPLE: ANTHROPICS

Anthropic Arguments: a symmetry and a landscape

<latexit sha1_base64="fnnjJwzkp7Sc7RMmjAELNfPV1Kc="></latexit>

⇤CC $ ⇢MR

✓
�⇢

⇢

◆3

⌧ M4
Pl [Weinberg ’87]

[Agrawal, Barr, Donoghue, Seckel ’97]
<latexit sha1_base64="MT/7F3cnBxQTvyO5qIBrMM1Nsyo=">AAACG3icbVDLSgMxFM34rPU16tJNsAiuykwVdVmsCxcKLdgHdMqQyWTa0MyD5E6lDP0PN/6KGxeKuBJc+Demj4W2HgicnHMPyT1eIrgCy/o2lpZXVtfWcxv5za3tnV1zb7+h4lRSVqexiGXLI4oJHrE6cBCslUhGQk+wptevjP3mgEnF4+gehgnrhKQb8YBTAlpyzdIAO4IFIHm3B0TK+AE7tzruEzdzZIhrleuRnhD4bnqvipFrFqyiNQFeJPaMFNAMVdf8dPyYpiGLgAqiVNu2EuhkRAKngo3yTqpYQmifdFlb04iETHWyyW4jfKwVHwex1CcCPFF/JzISKjUMPT0ZEuipeW8s/ue1UwguOxmPkhRYRKcPBanAEONxUdjnklEQQ00IlVz/FdMekYSCrjOvS7DnV14kjVLRPi+e1s4K5atZHTl0iI7QCbLRBSqjG1RFdUTRI3pGr+jNeDJejHfjYzq6ZMwyB+gPjK8fag2hAw==</latexit>

v $ ⇤QCD ⌧ MPl



EXAMPLE: ANTHROPICS

Approximate scale invariance

We do not know yet, but 
easy to achieve

Anthropic Arguments: a symmetry and a landscape

<latexit sha1_base64="fnnjJwzkp7Sc7RMmjAELNfPV1Kc="></latexit>

⇤CC $ ⇢MR

✓
�⇢

⇢

◆3

⌧ M4
Pl

<latexit sha1_base64="MT/7F3cnBxQTvyO5qIBrMM1Nsyo=">AAACG3icbVDLSgMxFM34rPU16tJNsAiuykwVdVmsCxcKLdgHdMqQyWTa0MyD5E6lDP0PN/6KGxeKuBJc+Demj4W2HgicnHMPyT1eIrgCy/o2lpZXVtfWcxv5za3tnV1zb7+h4lRSVqexiGXLI4oJHrE6cBCslUhGQk+wptevjP3mgEnF4+gehgnrhKQb8YBTAlpyzdIAO4IFIHm3B0TK+AE7tzruEzdzZIhrleuRnhD4bnqvipFrFqyiNQFeJPaMFNAMVdf8dPyYpiGLgAqiVNu2EuhkRAKngo3yTqpYQmifdFlb04iETHWyyW4jfKwVHwex1CcCPFF/JzISKjUMPT0ZEuipeW8s/ue1UwguOxmPkhRYRKcPBanAEONxUdjnklEQQ00IlVz/FdMekYSCrjOvS7DnV14kjVLRPi+e1s4K5atZHTl0iI7QCbLRBSqjG1RFdUTRI3pGr+jNeDJejHfjYzq6ZMwyB+gPjK8fag2hAw==</latexit>

v $ ⇤QCD ⌧ MPl



Historically:

Multiverse

+Anthropic selection

New class of 
ideas that can 

be tested in the 
laboratory in 

the near future

Recently:



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

Early History of the Universe



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

Late times

An event triggered by the 
symmetric sector selects 

the observed 

<latexit sha1_base64="/22xexMNoWN4UWunZB+AbJccOw8=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiUY9ELx4xcYEEVtItXWhou5u2a0I2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc38789hNVmsXywUwSGgg8lCxiBBsr+aI/eqz1yxW36s6BVomXkwrkaPbLX71BTFJBpSEca9313MQEGVaGEU6npV6qaYLJGA9p11KJBdVBNj92is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eNzXRdZAxmaSGSrJYFKUcmRjNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpFWrepfVi/t6pXGTx1GEEziFc/DgChpwB03wgQCDZ3iFN0c6L86787FoLTj5zDH8gfP5A3fNjng=</latexit>

m2
h



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

⇤S ⌧ MPl

SM Landscape
“Anthropic” Selection

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

O1 = �O2 + ✏

Observers



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

⇤S ⌧ MPl

SM Landscape
“Statistical” Selection

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

O1 = �O2 + ✏



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

⇤S ⌧ MPl

SM Landscape
“Dynamical” Selection

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

O1 = �O2 + ✏



From now on: focus on the Higgs vev



From now on: focus on the Higgs vev

Statistical Selection
[Dvali, Vilenkin ’03], [Dvali ’04], [Geller, 

Hochberg, Kuflik,’18], [Giudice, 
McCullough, You, ’21],


…

Dynamical Selection

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

Pinner, ’16], [Csaki, RTD, Geller, Ismail, 
’20], [Strumia, Teresi, ’20], [RTD, Teresi, 

’21],

…

Anthropic Selection

[Agrawal, Barr, Donoghue, Seckel ’97],
[Arvanitaki, Dimopoulos, Gorbenko, 

Huang, Van Tilburg ’16], 

[Arkani-Hamed, RTD, Kim, ‘20], 

[Giudice, Kehagias, Riotto, ’20],


…



EXAMPLE: ANTHROPIC
[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
<latexit sha1_base64="5iVla5bZsisKW6K+uMze9rKfhJY=">AAAB8nicbVBNTwIxEO36ifiFevTSSEw8kV016pHohSMk8mGWlXRLFxq67dLOmhDCz/DiQWO8+mu8+W8ssAcFXzLJy3szmZkXJoIbcN1vZ2V1bX1jM7eV397Z3dsvHBw2jEo1ZXWqhNKtkBgmuGR14CBYK9GMxKFgzXBwN/WbT0wbruQ9jBIWxKQnecQpASv5D50hruEKHj7STqHoltwZ8DLxMlJEGaqdwle7q2gaMwlUEGN8z00gGBMNnAo2ybdTwxJCB6THfEsliZkJxrOTJ/jUKl0cKW1LAp6pvyfGJDZmFIe2MybQN4veVPzP81OIboIxl0kKTNL5oigVGBSe/o+7XDMKYmQJoZrbWzHtE00o2JTyNgRv8eVl0jgveVeli9plsXybxZFDx+gEnSEPXaMyqqAqqiOKFHpGr+jNAefFeXc+5q0rTjZzhP7A+fwBwGCQRA==</latexit>

YqQHq
c “Friendly”


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

For complex chemistry we need a Higgs vev not too far from 
the QCD scale



EXAMPLE: STATISTICAL
[Dvali, Vilenkin ’03], [Dvali ’04]

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

F4 = dA3



EXAMPLE: STATISTICAL
[Dvali, Vilenkin ’03], [Dvali ’04]

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

F4 = dA3

<latexit sha1_base64="gCBkGPRXZ2IGfl+m2kYV3a8m1Gw="></latexit>
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EXAMPLE: STATISTICAL
[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



<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

Landscape of Higgs Masses and theta-angles 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

⇤

EXAMPLE: DYNAMICAL
 [Bloch, Csaki, Geller ,Volansky ’19], [Csaki, Geller, RTD, Ismail, ‘20], [RTD, Teresi ’21]

<latexit sha1_base64="VBJfQIEbVylBUXhsDulhoZbLNeE=">AAACAnicbZC7SgNBFIZn4y3GW9RKbAaDYGPYVVHLoI1lBHOB7BJmJyfJkNmLM2eFsAQbX8XGQhFbn8LOt3GSbKGJPwx8/Occzpzfj6XQaNvfVm5hcWl5Jb9aWFvf2Nwqbu/UdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cj+uNB1BaROEdDmPwAtYLRVdwhsZqF/eO3VhQV8I9dbEPyDKORbtYssv2RHQenAxKJFO1XfxyOxFPAgiRS6Z1y7Fj9FKmUHAJo4KbaIgZH7AetAyGLADtpZMTRvTQOB3ajZR5IdKJ+3siZYHWw8A3nQHDvp6tjc3/aq0Eu5deKsI4QQj5dFE3kRQjOs6DdoQCjnJogHElzF8p7zPFOJrUCiYEZ/bkeaiflJ3z8untWalylcWRJ/vkgBwRh1yQCrkhVVIjnDySZ/JK3qwn68V6tz6mrTkrm9klf2R9/gDVqpZy</latexit>

�⇡  ✓  ⇡

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1



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

EXAMPLE: DYNAMICAL

<latexit sha1_base64="uzFhsdnVlIYiKcY94d+4gZlRBzM=">AAACBXicbZC7SgNBFIZn4y3GW9RSi8EgWIVdFbUM2lhGMBfIhjA7OUmGzOyuM2fFsKSx8VVsLBSx9R3sfBsnl0ITfxj4+M85nDl/EEth0HW/nczC4tLySnY1t7a+sbmV396pmijRHCo8kpGuB8yAFCFUUKCEeqyBqUBCLehfjeq1e9BGROEtDmJoKtYNRUdwhtZq5fd97AEy6ku4oxNupb5WVLGHYStfcIvuWHQevCkUyFTlVv7Lb0c8URAil8yYhufG2EyZRsElDHN+YiBmvM+60LAYMgWmmY6vGNJD67RpJ9L2hUjH7u+JlCljBiqwnYphz8zWRuZ/tUaCnYtmKsI4QQj5ZFEnkRQjOoqEtoUGjnJggXEt7F8p7zHNONrgcjYEb/bkeageF72z4snNaaF0OY0jS/bIATkiHjknJXJNyqRCOHkkz+SVvDlPzovz7nxMWjPOdGaX/JHz+QNkfpiF</latexit>

✓  ✓max

<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

And theta is large

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

 [Bloch, Csaki, Geller ,Volansky ’19], [Csaki, Geller, RTD, Ismail, ‘20], [RTD, Teresi ’21]



<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

Only universes with the observed value of the weak scale can live 
longer than EW time. Today the multiverse looks like: 

EXAMPLE: DYNAMICAL

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v
<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v
<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v
<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

 [Bloch, Csaki, Geller ,Volansky ’19], [Csaki, Geller, RTD, Ismail, ‘20], [RTD, Teresi ’21]



EXAMPLE: DYNAMICAL
[RTD, Teresi ’21]

<latexit sha1_base64="zeEPOwUuaDl7CYAdHC0LDYrE8jU="></latexit>

V = ⌥m2
±�

2
± � �±�

4
± +

↵s

8⇡

✓
✓ +

�+

F+
+

��
F�

◆
G eG



EXAMPLE: DYNAMICAL
[RTD, Teresi ’21]

Field �-

Po
te
nt
ia
lV

(�
-
)

�h��v

�h��v

Field �+
Po
te
nt
ia
lV

(�
+
)

�h��v, ��1
�h��v or �~1

<latexit sha1_base64="zeEPOwUuaDl7CYAdHC0LDYrE8jU="></latexit>

V = ⌥m2
±�

2
± � �±�

4
± +

↵s

8⇡

✓
✓ +

�+

F+
+

��
F�

◆
G eG



EXAMPLE: DYNAMICAL
[RTD, Teresi ’21]

<latexit sha1_base64="zeEPOwUuaDl7CYAdHC0LDYrE8jU="></latexit>

V = ⌥m2
±�

2
± � �±�

4
± +

↵s

8⇡

✓
✓ +

�+

F+
+

��
F�

◆
G eG

Symmetric Sector
SM Landscape

<latexit sha1_base64="y9wNJLfsbUDraKqFwGAVCKEsP2Q=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQq6rLoxo1QwT6gCWEynbRDZ5IwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHKmdKO820tLC4tr6yW1srrG5tb2/bOblMlmSS0QRKeyHaIFeUspg3NNKftVFIsQk5b4eB67LceqFQsie/1MKW+wL2YRYxgbaTA3heBlwrkcY5ug9yTAtX5KLArTtWZAM0TtyAVKFAP7C+vm5BM0FgTjpXquE6q/RxLzQino7KXKZpiMsA92jE0xoIqP59cP0JHRumiKJGmYo0m6u+JHAulhiI0nQLrvpr1xuJ/XifT0aWfszjNNI3JdFGUcaQTNI4CdZmkRPOhIZhIZm5FpI8lJtoEVjYhuLMvz5PmSdU9r57enVVqV0UcJTiAQzgGFy6gBjdQhwYQeIRneIU368l6sd6tj2nrglXM7MEfWJ8/mVmUrw==</latexit>

m± ⌧ MPl

<latexit sha1_base64="AeeFIHiZaQ44ER3NXs8fe9b3OkE=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyoqMuiG5cV7AM6Q8mkmTY0ycQkI5ShP+HGhSJu/R13/o3pY6GtBy4czrmXe++JFWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNk2aa0AZJearbMTaUM0kblllO20pTLGJOW/HwduK3nqg2LJUPdqRoJHBfsoQRbJ3UDtWAdUMluuWKX/WnQMskmJMKzFHvlr/CXkoyQaUlHBvTCXxloxxrywin41KYGaowGeI+7TgqsaAmyqf3jtGJU3ooSbUradFU/T2RY2HMSMSuU2A7MIveRPzP62Q2uY5yJlVmqSSzRUnGkU3R5HnUY5oSy0eOYKKZuxWRAdaYWBdRyYUQLL68TJpn1eCyen5/UandzOMowhEcwykEcAU1uIM6NIAAh2d4hTfv0Xvx3r2PWWvBm88cwh94nz8dHpAH</latexit>

�±
<latexit sha1_base64="rWOThWHc2oXd0XZO6rpB8tlHoG8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokKuqy6KIuK9gHNCFMJjft0MmDmYlSQjf+ihsXirj1M9z5N07bLLT1wIXDOfdy7z1+yplUlvVtlJaWV1bXyuuVjc2t7R1zd68tk0xQaNGEJ6LrEwmcxdBSTHHopgJI5HPo+MObid95ACFZEt+rUQpuRPoxCxklSkueeeCkA+Y5aYQb2HlkASjGA8ANz6xaNWsKvEjsglRRgaZnfjlBQrMIYkU5kbJnW6lycyIUoxzGFSeTkBI6JH3oaRqTCKSbTx8Y42OtBDhMhK5Y4an6eyInkZSjyNedEVEDOe9NxP+8XqbCKzdncZopiOlsUZhxrBI8SQMHTABVfKQJoYLpWzEdEEGo0plVdAj2/MuLpH1asy9qZ3fn1fp1EUcZHaIjdIJsdInq6BY1UQtRNEbP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8Aa6kldM=</latexit>

�±G eG “Friendly”

String Landscape?

[Arakni-Hamed, Dimopoulos, Kachru, ‘05]



Statistical Selection

Dynamical Selection

Anthropic Selection
Does not require new physics 

with couplings to the SM 
stronger than gravitational

Does not require new physics 
with couplings to the SM 
stronger than gravitational

Typically visible!



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

Sensitive 

to the Higgs vev

“Dynamical” Selection



HIERARCHY 102

1. Obviously the spectrum

2. If we look at local operators we discover the hierarchy 
problem:

<latexit sha1_base64="1q2SP5Nh7f97Qh0pB/BtnMoYrVM=">AAACFXicbVDLSsNAFJ34tr6qLt0MFsGFlEQUXRbduHBRwdZCE8vN5DYdOpmEmYlQQn/Cjb/ixoUibgV3/o3Tx8LXgQuHc+6dufeEmeDauO6nMzM7N7+wuLRcWlldW98ob241dZorhg2WilS1QtAouMSG4UZgK1MISSjwJuyfj/ybO1Sap/LaDDIMEogl73IGxkqd8oEvQMYCae/WjyCOUdEe9dVE8zVPqH9pX4ugc3F72ClX3Ko7Bv1LvCmpkCnqnfKHH6UsT1AaJkDrtudmJihAGc4EDkt+rjED1ocY25ZKSFAHxfiqId2zSkS7qbIlDR2r3ycKSLQeJKHtTMD09G9vJP7ntXPTPQ0KLrPcoGSTj7q5oCalo4hoxBUyIwaWAFPc7kpZDxQwY4Ms2RC83yf/Jc3Dqndcda+OKrWzaRxLZIfskn3ikRNSIxekThqEkXvySJ7Ji/PgPDmvztukdcaZzmyTH3DevwAJQp4Y</latexit>

hh†hi ⇠ ⇤2
H

Does anything change in the SM as we vary       ?
<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi
[Arkani-Hamed, RTD, Kim ’20]



HIERARCHY 102

Does anything change in the SM as we vary       ?
<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi

<latexit sha1_base64="wJlO8ds57mY5h8ubd9Okw4AbQVA="></latexit>

m2
⇡f

2
⇡

s

1� 4mumd

(mu +md)2
sin2 (⇠�+ ✓)

<latexit sha1_base64="mvnyHuxz9NvVoW80cCkNjanL22c="></latexit>

(yu + yd)vf
3
⇡

�
✓⇠�+ ⇠2�2 + ...

�

<latexit sha1_base64="45wn1ZX+pDZJDdrdDDIa+JS3FDs="></latexit>↵s

8⇡
(⇠�+ ✓)Tr

h
GG̃

i



HIERARCHY 102

<latexit sha1_base64="103v4eL9diUI6nWZGrgDFJlPzN8=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgIeFOFC2DFrFUMImQO8Le3lyyZO+D3Tk1HPkTNv4VGwtFbAU7/42bmEITHww83pthZp6fSqHRtr+swtz8wuJScbm0srq2vlHe3GrqJFMcGjyRibrxmQYpYmigQAk3qQIW+RJafv985LduQWmRxNc4SMGLWDcWoeAMjdQpH7j3grppT9DcVRG9VkNXQojtOnXvRAAoZAC07irR7aHXKVfsqj0GnSXOhFTIBJed8qcbJDyLIEYumdZtx07Ry5lCwSUMS26mIWW8z7rQNjRmEWgvH381pHtGCWiYKFMx0rH6eyJnkdaDyDedEcOenvZG4n9eO8Pw1MtFnGYIMf9ZFGaSYkJHEdFAKOAoB4YwroS5lfIeU4yjCbJkQnCmX54lzcOqc1y1r44qtbNJHEWyQ3bJPnHICamRC3JJGoSTB/JEXsir9Wg9W2/W+09rwZrMbJM/sD6+Af3Bnrg=</latexit>

⇠�Tr
h
G eG

i

Does anything change in the SM as we vary       ?

Important Pheno Message:

Axion-Like phenomenology can be related to the hierarchy 
problem

<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi



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

G eG ALPs



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

G eG

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

F eF + yLHE
c

ALPs

Vector-like 
Leptons



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

G eG

<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

ALPs

Vector-like 
Leptons

Type-0 2HDM 
See [Arkani-Hamed, RTD, Kim, ‘20]

[Arkani-Hamed, RTD, Kim, ‘20], [Dvali, Vilenkin ’03], [Geller, Hochberg, Kuflik,’18], [Graham, Rajendran, Kaplan, ’15], [Strumia, Teresi, ’20], 
[Espinosa, Grojean, Panico, Pomarol, Pujolas, ’15], …



EXAMPLE: TYPE-0 2HDM

Sharp target which can’t be decoupled!

N.B. It is extremely hard to find a viable BSM trigger

<latexit sha1_base64="LYIZ2wD8YHsoD10wjCmEoOok2n0=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSqKjHohdPUsF+QBPCZjttl+4mYXcjlJCLf8WLB0W8+jO8+W/ctjlo64OBx3szzMwLE86Udpxvq7S0vLK6Vl6vbGxube/Yu3stFaeSQpPGPJadkCjgLIKmZppDJ5FARMihHY5uJn77EaRicfSgxwn4ggwi1meUaCMF9oEIMk8KfNfIscdBKcUEFsEwsKtOzZkCLxK3IFVUoBHYX14vpqmASFNOlOq6TqL9jEjNKIe84qUKEkJHZABdQyMiQPnZ9IEcHxulh/uxNBVpPFV/T2REKDUWoekURA/VvDcR//O6qe5f+RmLklRDRGeL+inHOsaTNHCPSaCajw0hVDJzK6ZDIgnVJrOKCcGdf3mRtE5r7kXt7P68Wr8u4iijQ3SETpCLLlEd3aIGaiKKcvSMXtGb9WS9WO/Wx6y1ZBUz++gPrM8fLeKWJg==</latexit>

mNP . mh

[Arkani-Hamed, RTD, Kim ’20]



Change of perspective:

<latexit sha1_base64="2dyZYvSI00BDw4PE5fFcr1sgs9c=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLeskxglkwmYSeTk/SpKdn6O4RwiR/4cWDIl79G2/+jZ1FcH1Q8Hiviqp6fsyZ0o7zbmVWVtfWN7Kbua3tnd29/P5BQ0WJJLROIh7Jlo8V5UzQumaa01YsKQ59Tpv+6GrmN++oVCwSN3ocUy/EA8ECRrA20m3YG3aLk+qkW+zlC45ddtxyyUW/iWs7cxRgiVov/9bpRyQJqdCEY6XarhNrL8VSM8LpNNdJFI0xGeEBbRsqcEiVl84vnqITo/RREElTQqO5+nUixaFS49A3nSHWQ/XTm4l/ee1EBxdeykScaCrIYlGQcKQjNHsf9ZmkRPOxIZhIZm5FZIglJtqElDMhfH6K/ieNou2WbOf6rFC5XMaRhSM4hlNw4RwqUIUa1IGAgHt4hCdLWQ/Ws/WyaM1Yy5lD+Abr9QNs7ZDF</latexit>

m
2
h|H|2

Can we find the origin of the weak scale early in 
the history of the Universe?

<latexit sha1_base64="5vKAJVZMAY0OuG+seUdUavCZ4EQ=">AAAB+XicdVDLSgMxFM34rPU16tJNsAh1M8yUUu2u6MaFiwr2Ae10yKSZNjTJDEmmUIb+iRsXirj1T9z5N6YPweeBwOGcc7k3J0wYVdp1362V1bX1jc3cVn57Z3dv3z44bKo4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVjq5mfmtMpKKxuNOThPgcDQSNKEbaSIFtd29MuI965SIPhr3SWWAXXKfqetWKB38Tz3HnKIAl6oH91u3HOOVEaMyQUh3PTbSfIakpZmSa76aKJAiP0IB0DBWIE+Vn88un8NQofRjF0jyh4Vz9OpEhrtSEhybJkR6qn95M/MvrpDq68DMqklQTgReLopRBHcNZDbBPJcGaTQxBWFJzK8RDJBHWpqy8KeHzp/B/0iw5XsVxb8uF2uWyjhw4BiegCDxwDmrgGtRBA2AwBvfgETxZmfVgPVsvi+iKtZw5At9gvX4AatmS4g==</latexit>

⇤4(m2
h)



Completely new 
perspectives  

on key “classic” questions
New Experimental Targets



BACKUP



CERN  
1971



A change in theoretical 
perspective  

can win (or lose) you  
two Nobel Prizes



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



EXAMPLE: STATISTICAL
[Dvali, Vilenkin ’03], [Dvali ’04]

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

F4 = dA3

<latexit sha1_base64="gCBkGPRXZ2IGfl+m2kYV3a8m1Gw="></latexit>
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Large initial “Electric 
Field” (Brown-Teitelboim)

<latexit sha1_base64="zFJQ+CviHP/X49q0xzqCUA7RuSs=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeS1KIei4J4ESrYVmjSsNlu26W7m7C7EUrIxb/ixYMiXv0Z3vw3btsctPXBwOO9GWbmhTGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySDyFShFFBmppqRh5iSRAPGWmHo6uJ334kUtFI3OtxTHyOBoL2KUbaSIF9cB3UulXoKcrhbZB6ksMGy7q1wC47FWcKuEjcnJRBjkZgf3m9CCecCI0ZUqrjOrH2UyQ1xYxkJS9RJEZ4hAakY6hAnCg/nT6QwWOj9GA/kqaEhlP190SKuFJjHppOjvRQzXsT8T+vk+j+hZ9SESeaCDxb1E8Y1BGcpAF7VBKs2dgQhCU1t0I8RBJhbTIrmRDc+ZcXSatacc8qp3e1cv0yj6MIDsEROAEuOAd1cAMaoAkwyMAzeAVv1pP1Yr1bH7PWgpXP7IM/sD5/ALD2lTQ=</latexit>

F 2
4 ⇠ M4

Pl



EXAMPLE: STATISTICAL
[Dvali, Vilenkin ’03], [Dvali ’04]

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

F4 = dA3

<latexit sha1_base64="gCBkGPRXZ2IGfl+m2kYV3a8m1Gw="></latexit>
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Branes can be spontaneously 
nucleated (tunnelling)

Very slow process: requires 
eternal inflation!



EXAMPLE: STATISTICAL
[Dvali, Vilenkin ’03], [Dvali ’04]

<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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Branes can be spontaneously 
nucleated (tunnelling)

<latexit sha1_base64="nLpfHQUjtByn6W5KVjTeLa7AcM4=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiDES5jRoF6EoCIeI5gFMsPQ0+lJmvQsdtcIcQj+ihcPinj1P7z5N3aWgyY+KHi8V0VVPT8RXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdxKimr0VjEsukTxQSPWA04CNZMJCOhL1jD710O/cYDk4rH0R30E+aGpBPxgFMCWvLMXeeKCSD42ivjc3xfdJIuP/TMglWyRsCzxJ6QApqg6plfTjumacgioIIo1bKtBNyMSOBUsEHeSRVLCO2RDmtpGpGQKTcbXT/AB1pp4yCWuiLAI/X3REZCpfqhrztDAl017Q3F/7xWCsGZm/EoSYFFdLwoSAWGGA+jwG0uGQXR14RQyfWtmHaJJBR0YHkdgj398iypH5Xsk9LxbblQuZjEkUN7aB8VkY1OUQXdoCqqIYoe0TN6RW/Gk/FivBsf49Y5YzKzg/7A+PwB5qaTlg==</latexit>

�F4 = q(�)



EXAMPLE: STATISTICAL
[Dvali, Vilenkin ’03], [Dvali ’04]

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

F4 = dA3

<latexit sha1_base64="gCBkGPRXZ2IGfl+m2kYV3a8m1Gw="></latexit>
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The scalar mass is scanned
<latexit sha1_base64="nLpfHQUjtByn6W5KVjTeLa7AcM4=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiDES5jRoF6EoCIeI5gFMsPQ0+lJmvQsdtcIcQj+ihcPinj1P7z5N3aWgyY+KHi8V0VVPT8RXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdxKimr0VjEsukTxQSPWA04CNZMJCOhL1jD710O/cYDk4rH0R30E+aGpBPxgFMCWvLMXeeKCSD42ivjc3xfdJIuP/TMglWyRsCzxJ6QApqg6plfTjumacgioIIo1bKtBNyMSOBUsEHeSRVLCO2RDmtpGpGQKTcbXT/AB1pp4yCWuiLAI/X3REZCpfqhrztDAl017Q3F/7xWCsGZm/EoSYFFdLwoSAWGGA+jwG0uGQXR14RQyfWtmHaJJBR0YHkdgj398iypH5Xsk9LxbblQuZjEkUN7aB8VkY1OUQXdoCqqIYoe0TN6RW/Gk/FivBsf49Y5YzKzg/7A+PwB5qaTlg==</latexit>

�F4 = q(�)



<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

1. The two quantities are not calculable


2. Scale of gravity?



<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

1. The two quantities are not calculable


2. Scale of gravity?


3. Planck Scale = QFT Mass Scale?



HIERARCHY 102

Does anything change in the SM as we vary       ?
<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi
[Arkani-Hamed, RTD, Kim ’20]



HIERARCHY 102

1. Obviously the spectrum

Does anything change in the SM as we vary       ?
<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi



HIERARCHY 102

1. Obviously the spectrum

Does anything change in the SM as we vary       ?

Multiverse


+


Anthropic selection

<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi



HIERARCHY 102

<latexit sha1_base64="103v4eL9diUI6nWZGrgDFJlPzN8=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgIeFOFC2DFrFUMImQO8Le3lyyZO+D3Tk1HPkTNv4VGwtFbAU7/42bmEITHww83pthZp6fSqHRtr+swtz8wuJScbm0srq2vlHe3GrqJFMcGjyRibrxmQYpYmigQAk3qQIW+RJafv985LduQWmRxNc4SMGLWDcWoeAMjdQpH7j3grppT9DcVRG9VkNXQojtOnXvRAAoZAC07irR7aHXKVfsqj0GnSXOhFTIBJed8qcbJDyLIEYumdZtx07Ry5lCwSUMS26mIWW8z7rQNjRmEWgvH381pHtGCWiYKFMx0rH6eyJnkdaDyDedEcOenvZG4n9eO8Pw1MtFnGYIMf9ZFGaSYkJHEdFAKOAoB4YwroS5lfIeU4yjCbJkQnCmX54lzcOqc1y1r44qtbNJHEWyQ3bJPnHICamRC3JJGoSTB/JEXsir9Wg9W2/W+09rwZrMbJM/sD6+Af3Bnrg=</latexit>

⇠�Tr
h
G eG

i

Dvali, Vilenkin ‘01 
Graham, Kaplan, Rajendran ‘15 

Geller, Hochberg, Kuflik ’18 
…

Does anything change in the SM as we vary       ?

New class of ideas 
that can be tested 
in the laboratory in 

the near future

<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi



EXAMPLE: STATISTICAL
[Giudice, McCullough, You ’21]

In most gauges you will find that the volume is 
dominated by quantum dynamics for critical points 

of some potentials

(measure problem)

Scalar dominated by quantum dynamics during 
inflation

Solve Fokker-Planck Equation



EXAMPLE: STATISTICAL
[Giudice, McCullough, You ’21]

<latexit sha1_base64="/Cv6KwmaaudJaSGEjIRnS2U17is=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSqKiLotuXFawD2hCmExu2qGTSZyZFEron7hxoYhb/8Sdf+O0zUJbDwwczjmXe+eEGWdKO863tbK6tr6xWdmqbu/s7u3bB4dtleaSQoumPJXdkCjgTEBLM82hm0kgScihEw7vpn5nBFKxVDzqcQZ+QvqCxYwSbaTAtj1uwhEJBtjrwxN2Arvm1J0Z8DJxS1JDJZqB/eVFKc0TEJpyolTPdTLtF0RqRjlMql6uICN0SPrQM1SQBJRfzC6f4FOjRDhOpXlC45n6e6IgiVLjJDTJhOiBWvSm4n9eL9fxjV8wkeUaBJ0vinOOdYqnNeCISaCajw0hVDJzK6YDIgnVpqyqKcFd/PIyaZ/X3av6xcNlrXFb1lFBx+gEnSEXXaMGukdN1EIUjdAzekVvVmG9WO/Wxzy6YpUzR+gPrM8fbFWS4A==</latexit>

�h � 0

<latexit sha1_base64="aUxwsUqyhiPua8Ur1vxy0QA0aOM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyoqAsXRTcuK9gHtEPJZDJtaCYZk0yhDP0ONy4UcevHuPNvTNtZaOuBwOGcc7k3J0g408Z1v53Cyura+kZxs7S1vbO7V94/aGqZKkIbRHKp2gHWlDNBG4YZTtuJojgOOG0Fw7up3xpRpZkUj2acUD/GfcEiRrCxkt/lNhri3gDdILdXrrhVdwa0TLycVCBHvVf+6oaSpDEVhnCsdcdzE+NnWBlGOJ2UuqmmCSZD3KcdSwWOqfaz2dETdGKVEEVS2ScMmqm/JzIcaz2OA5uMsRnoRW8q/ud1UhNd+xkTSWqoIPNFUcqRkWjaAAqZosTwsSWYKGZvRWSAFSbG9lSyJXiLX14mzbOqd1k9f7io1G7zOopwBMdwCh5cQQ3uoQ4NIPAEz/AKb87IeXHenY95tODkM4fwB87nD2R5kTQ=</latexit>

�h < 0

Can select Higgs vev corresponding to zero quartic



EXAMPLE: DYNAMICAL
[Graham, Kaplan, Rajendran ’15],

<latexit sha1_base64="SMvEB0kbA7BvuzMpUXRDZSIw/i8="></latexit>

V (�) = g�+ ...+ (M2 + g�+ ...)|H|2 + �

f
G eG



EXAMPLE: DYNAMICAL

<latexit sha1_base64="BPCEREGA2d6cj8tLZkHEC1FUSE4=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KrtF1GPRS48V7Ad015JNs21oNhuSrFC2/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeKDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmqCG2ShCeqE2JNORO0aZjhtCMVxXHIaTsc3c389hNVmiXiwYwlDWI8ECxiBBsr+QPkyyFDk/rksdorld2KOwdaJV5OypCj0St9+f2EpDEVhnCsdddzpQkyrAwjnE6LfqqpxGSEB7RrqcAx1UE2v3mKzq3SR1GibAmD5urviQzHWo/j0HbG2Az1sjcT//O6qYlugowJmRoqyGJRlHJkEjQLAPWZosTwsSWYKGZvRWSIFSbGxlS0IXjLL6+SVrXiXVXc+8ty7TaPowCncAYX4ME11KAODWgCAQnP8ApvTuq8OO/Ox6J1zclnTuAPnM8fDXaRCw==</latexit>

g�|H|2

Landscape of Higgs vevs

[Graham, Kaplan, Rajendran ’15],
<latexit sha1_base64="SMvEB0kbA7BvuzMpUXRDZSIw/i8="></latexit>

V (�) = g�+ ...+ (M2 + g�+ ...)|H|2 + �

f
G eG



EXAMPLE: DYNAMICAL
[Graham, Kaplan, Rajendran ’15],

Selection

<latexit sha1_base64="0UOdOBUY6ihmJiYt0z9pGB4mjb4=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi6rLooi4r2Ac0oUwmN+3QyYOZiVJCFm78FTcuFHHrR7jzb5y2WWjrgQuHc+7l3nu8hDOpLOvbKK2srq1vlDcrW9s7u3vm/kFHxqmg0KYxj0XPIxI4i6CtmOLQSwSQ0OPQ9cbXU797D0KyOLpTkwTckAwjFjBKlJYGZtUJBKGZk4xYngV503lgPijGfcDNgVmz6tYMeJnYBamhAq2B+eX4MU1DiBTlRMq+bSXKzYhQjHLIK04qISF0TIbQ1zQiIUg3mz2R42Ot+DiIha5I4Zn6eyIjoZST0NOdIVEjuehNxf+8fqqCSzdjUZIqiOh8UZByrGI8TQT7TABVfKIJoYLpWzEdEZ2K0rlVdAj24svLpHNat8/r1u1ZrXFVxFFGVXSETpCNLlAD3aAWaiOKHtEzekVvxpPxYrwbH/PWklHMHKI/MD5/ADDrmG4=</latexit>

�

f
G eG

<latexit sha1_base64="SMvEB0kbA7BvuzMpUXRDZSIw/i8="></latexit>

V (�) = g�+ ...+ (M2 + g�+ ...)|H|2 + �

f
G eG



EXAMPLE: DYNAMICAL
[Graham, Kaplan, Rajendran ’15],

<latexit sha1_base64="SMvEB0kbA7BvuzMpUXRDZSIw/i8="></latexit>

V (�) = g�+ ...+ (M2 + g�+ ...)|H|2 + �

f
G eG

Symmetric Sector

<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

SM Landscape

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

g�|H|2



EXAMPLE: STATISTICAL
[Dvali, Vilenkin ’03], [Dvali ’04]

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

F4 = dA3

Symmetric Sector
SM Landscape

<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
4

M2
Pl

|�|2

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

q(�) . M2
Pl



SM

SUSY

Mysterious

QG 

Blob 

SM

SUSY

String
Planck

SM

Mysterious

QG 

Blob 


