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THE HIERARCHY PROBLEM



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?

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 + ✏



FINE-TUNING 101

Is there a symmetry?

Is there a landscape? 
Example:

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

O1 = �O2 + ✏

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="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

SIZE OF THE 
UNIVERSE

<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

WEAK FORCE, 
STRUCTURE OF 

NUCLEI, 
COMPLEX 

CHEMISTRY, …



<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  Experiment30

<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



<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  Experiment30

<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

Is there a symmetry?



Cosmological 
Constant Higgs Mass

Extremely different 
scales

<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



)(
Traditional 
Approach:  

Factorize the 
problems

<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 answers  

here
Higgs Boson

and we have  
not found them



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 



<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  Experiment60

<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

Is there a 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)



1. SCANNING: The Higgs 
mass takes many 
different values either 
in our Universe or in the 
Multiverse



2. SELECTION: Something 
is “triggered” in the 
evolution of the 
Universe when the 
Higgs mass crosses the 
weak scale



3. OBSERVATION: Today 
we measure an 
unnaturally small value 
of the weak scale as a 
consequence of an 
early Universe event 
that we can not (yet) 
observe



EXAMPLE: RELAXION

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

g�|H|2

Scanning =  
Landscape of Higgs vevs



EXAMPLE: RELAXION

Trigger =  
Selection of Observed vev

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

�

f
G eG



2. SELECTION: Something 
is “triggered” in the 
evolution of the 
Universe when the 
Higgs mass crosses the 
weak scale



WEAK SCALE TRIGGERS

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

General QFT question relevant beyond cosmological 
naturalness:

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

hhi



WEAK SCALE TRIGGERS

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



SM TRIGGERS



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



HIERARCHY 102

1. Obviously the spectrum:
<latexit sha1_base64="OQDWFqrwOe19ep7vzJ4sGOgFSUw=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARWsEyI4oui25cVrAXaEs5k6ZtaCYzJBnpMPQd3Pgqblwo4taNO9/GTDsLrf4Q+PnOOUnO74WcKe04X1ZuaXlldS2/XtjY3NresXf3GiqIJKF1EvBAtjxQlDNB65ppTluhpOB7nDa98XVab95TqVgg7nQc0q4PQ8EGjIA2qGcfdzyQmPaSTj/QuAM8HMG0NCk3S5OTuJzyDMXlnl10Ks5M+K9xM1NEmWo9+9NcSiKfCk04KNV2nVB3E5CaEU6nhU6kaAhkDEPaNlaAT1U3me00xUeG9PEgkOYIjWf050QCvlKx75lOH/RILdZS+F+tHenBZTdhIow0FWT+0CDiWAc4DQj3maRE89gYIJKZv2IyAglEmxgLJgR3ceW/pnFacc8rzu1ZsXqVxZFHB+gQlZCLLlAV3aAaqiOCHtATekGv1qP1bL1Z7/PWnJXN7KNfsj6+AZ3cnVw=</latexit>

ē↵̇(x)W (x� y)e↵(y)

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:
<latexit sha1_base64="OQDWFqrwOe19ep7vzJ4sGOgFSUw=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARWsEyI4oui25cVrAXaEs5k6ZtaCYzJBnpMPQd3Pgqblwo4taNO9/GTDsLrf4Q+PnOOUnO74WcKe04X1ZuaXlldS2/XtjY3NresXf3GiqIJKF1EvBAtjxQlDNB65ppTluhpOB7nDa98XVab95TqVgg7nQc0q4PQ8EGjIA2qGcfdzyQmPaSTj/QuAM8HMG0NCk3S5OTuJzyDMXlnl10Ks5M+K9xM1NEmWo9+9NcSiKfCk04KNV2nVB3E5CaEU6nhU6kaAhkDEPaNlaAT1U3me00xUeG9PEgkOYIjWf050QCvlKx75lOH/RILdZS+F+tHenBZTdhIow0FWT+0CDiWAc4DQj3maRE89gYIJKZv2IyAglEmxgLJgR3ceW/pnFacc8rzu1ZsXqVxZFHB+gQlZCLLlAV3aAaqiOCHtATekGv1qP1bL1Z7/PWnJXN7KNfsj6+AZ3cnVw=</latexit>

ē↵̇(x)W (x� y)e↵(y)

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

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

<latexit sha1_base64="OQDWFqrwOe19ep7vzJ4sGOgFSUw=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARWsEyI4oui25cVrAXaEs5k6ZtaCYzJBnpMPQd3Pgqblwo4taNO9/GTDsLrf4Q+PnOOUnO74WcKe04X1ZuaXlldS2/XtjY3NresXf3GiqIJKF1EvBAtjxQlDNB65ppTluhpOB7nDa98XVab95TqVgg7nQc0q4PQ8EGjIA2qGcfdzyQmPaSTj/QuAM8HMG0NCk3S5OTuJzyDMXlnl10Ks5M+K9xM1NEmWo9+9NcSiKfCk04KNV2nVB3E5CaEU6nhU6kaAhkDEPaNlaAT1U3me00xUeG9PEgkOYIjWf050QCvlKx75lOH/RILdZS+F+tHenBZTdhIow0FWT+0CDiWAc4DQj3maRE89gYIJKZv2IyAglEmxgLJgR3ceW/pnFacc8rzu1ZsXqVxZFHB+gQlZCLLlAV3aAaqiOCHtATekGv1qP1bL1Z7/PWnJXN7KNfsj6+AZ3cnVw=</latexit>

ē↵̇(x)W (x� y)e↵(y)

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

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

⇠�Tr
h
G eG

i

<latexit sha1_base64="TbrBqUC4IBU9ZwFVm+Wj4FWdtIU="></latexit>

hG eGi ' ✓QCDm
2
⇡f

2
⇡ ' ✓QCD(yu + yd)v⇤

3
QCD

<latexit sha1_base64="JQvw788fcjNaIJUIgvMpxvTEX54=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEiwVEkFgrGiDIytRB9SUyLHdVqrdhLZN4gq6jew8CssDCDEysTG3+A+Bmg5kn2PzrlX9j1BIrgGx/m2lpZXVtfWcxv5za3tnV17b7+h41RRVqexiFUrIJoJHrE6cBCslShGZCBYMxhUxn7zninN4+gWhgnrSNKLeMgpASP59qn3wLGX9M0FfQbEzzwlca1yPcLS9xJ+V8LhtPp2wSk6E+BF4s5IAc1Q9e0vrxvTVLIIqCBat10ngU5GFHAq2CjvpZolhA5Ij7UNjYhkupNNVhrhY6N0cRgrcyLAE/X3REak1kMZmE5JoK/nvbH4n9dOIbzsZDxKUmARnT4UpgJDjMf54C5XjIIYGkKo4uavmPaJIhRMinkTgju/8iJplIruedGpnRXKV7M4cugQHaET5KILVEY3qIrqiKJH9Ixe0Zv1ZL1Y79bHtHXJms0coD+wPn8Agn+cug==</latexit>

⇠�✓QCDm
2
⇡f

2
⇡

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

<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



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



HIERARCHY 102

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

⇠�Tr
h
G eG

i Why does it 
work?

Shift symmetry

<latexit sha1_base64="SO2gbFeliB5czflEPIULCPn527U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi+ClgmkLbSyb7aZdursJuxshhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aOk4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H45up336iSrNYPpgsoYHAQ8kiRrCxkn/32BNpv1pz6+4MaJl4BalBgWa/+tUbxCQVVBrCsdZdz01MkGNlGOF0UumlmiaYjPGQdi2VWFAd5LNjJ+jEKgMUxcqWNGim/p7IsdA6E6HtFNiM9KI3Ff/zuqmJroKcySQ1VJL5oijlyMRo+jkaMEWJ4ZklmChmb0VkhBUmxuZTsSF4iy8vk9ZZ3buou/fntcZ1EUcZjuAYTsGDS2jALTTBBwIMnuEV3hzpvDjvzse8teQUM4fwB87nD6r7jpc=</latexit>

Kµ Not gauge 
invariant

<latexit sha1_base64="GaY+1N1EdObgYLDorKJQKzfokJc=">AAACH3icbVDLSgMxFM34tr6qLt0Ei+CqzIivjSC6UHCj0NZCZyyZzJ02mMwMyR2lDP0TN/6KGxeKiDv/xvSx8HUg4XDOvTe5J8ykMOi6n87E5NT0zOzcfGlhcWl5pby61jBprjnUeSpT3QyZASkSqKNACc1MA1OhhOvw9nTgX9+BNiJNatjLIFCsk4hYcIZWapf3C18rWtN9X0KMrTPq34sIUMgI6JmvRaeLwZGfMY2CybavcnpxY+92ueJW3SHoX+KNSYWMcdkuf/hRynMFCXLJjGl5boZBMZjLJfRLfm4gY/yWdaBlacIUmKAY7tenW1aJaJxqexKkQ/V7R8GUMT0V2krFsGt+ewPxP6+VY3wYFCLJcoSEjx6Kc0kxpYOwaCQ0cJQ9SxjXwv6V8i7TjKONtGRD8H6v/Jc0dqreXtW92q0cn4zjmCMbZJNsE48ckGNyTi5JnXDyQJ7IC3l1Hp1n5815H5VOOOOedfIDzucXXiujLA==</latexit>

Tr
h
G eG

i
= @µK

µ



POTENTIAL SM TRIGGERS

In the SM we can try other options

<latexit sha1_base64="WfetxwbM2x5aMpIS7RjeD6iyrDQ=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV1RtAzaWEbIC7JLmJ29mwyZfTBzVwlLPsDGX7GxUMTWD7Dzb5w8Ck08MHA451zu3OOnUmi07W+rsLK6tr5R3Cxtbe/s7pX3D1o6yRSHJk9kojo+0yBFDE0UKKGTKmCRL6HtD28mfvselBZJ3MBRCl7E+rEIBWdopF65krsqog01diWE2G1T90EEgEIGQNuuEv0BeiZlV+0p6DJx5qRC5qj3yl9ukPAsghi5ZFp3HTtFL2cKBZcwLrmZhpTxIetD19CYRaC9fHrMmJ4YJaBhosyLkU7V3xM5i7QeRb5JRgwHetGbiP953QzDKy8XcZohxHy2KMwkxYROmqGBUMBRjgxhXAnzV8oHTDGOpr+SKcFZPHmZtM6qzkXVvjuv1K7ndRTJETkmp8Qhl6RGbkmdNAknj+SZvJI368l6sd6tj1m0YM1nDskfWJ8/sqObZA==</latexit>

Tr
h
WfW

i

<latexit sha1_base64="Ahyo92D0GuY2AcxBlVz01+cdnvY=">AAACA3icbVC7SgNBFL0bXzG+Vu20GQxCbMJuULQM2tgICZgHJJswOzubDJl9MDMrhCVg46/YWChi60/Y+TdOki008cBwD+fcy5173JgzqSzr28itrK6tb+Q3C1vbO7t75v5BU0aJILRBIh6Jtosl5SykDcUUp+1YUBy4nLbc0c3Ubz1QIVkU3qtxTJ0AD0LmM4KVlvrmUdcXmKSlOkp65EwXT5dJeterTPpm0SpbM6BlYmekCBlqffOr60UkCWioCMdSdmwrVk6KhWKE00mhm0gaYzLCA9rRNMQBlU46u2GCTrXiIT8S+oUKzdTfEykOpBwHru4MsBrKRW8q/ud1EuVfOSkL40TRkMwX+QlHKkLTQJDHBCWKjzXBRDD9V0SGWIeidGwFHYK9ePIyaVbK9kXZqp8Xq9dZHHk4hhMogQ2XUIVbqEEDCDzCM7zCm/FkvBjvxse8NWdkM4fwB8bnD83Cllc=</latexit>

(Quc)(Qdc)

M2

Works only in 2HDM  
In the SM at 3 loops 
it’s sensitive to flavor 
breaking by Yukawas

Needs extra B+L 
breaking   

Beyond the SM



WEAK SCALE TRIGGERS

Find Triggers = Find physics related to naturalness that you 
weren’t expecting from symmetry solutions



A BSM TRIGGER



A SIMPLE BSM TRIGGER

<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

In the absence of odd terms in the Lagrangian the vev is 
UV insensitive and calculable

H1H2 without Z4 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.



TYPE-0 2HDM

Z2 symmetric 2HDM
<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

�



TYPE-0 2HDM

<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

�

<latexit sha1_base64="7Wng8NDrr/UhOwdtTDidqC8iEsc=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZUXRZ6qYLFxXsAzrDkMlk2tBkMiQZoQx146+4caGIW//CnX9j2s5CWw8EDufcw809Ycqo0o7zbZVWVtfWN8qbla3tnd09e/+go0QmMWljwYTshUgRRhPS1lQz0kslQTxkpBuObqZ+94FIRUVyr8cp8TkaJDSmGGkjBfaRpyiHDY9n0GNiAL1bk41Q0AzsqlNzZoDLxC1IFRRoBfaXFwmccZJozJBSfddJtZ8jqSlmZFLxMkVShEdoQPqGJogT5eezCybw1CgRjIU0L9Fwpv5O5IgrNeahmeRID9WiNxX/8/qZjq/9nCZppkmC54vijEEt4LQOGFFJsGZjQxCW1PwV4iGSCGtTWsWU4C6evEw65zX3subcXVTrjaKOMjgGJ+AMuOAK1EETtEAbYPAInsEreLOerBfr3fqYj5asInMI/sD6/AEasZYG</latexit>

⇠ Bµ log⇤H



A SIMPLE BSM TRIGGER

<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

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)



A SIMPLE BSM TRIGGER

N.B. in reality need tiny breaking of H1->-H1 to avoid domain walls, so “0” really means << v

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="DtC+b+UylFBb1hxchdDy0d5JST4=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIAWNFGRgYWqkvqYkix3Fbq7YT2Q5SFXVg4VdYGECIlY9g429w2wzQciRLR+fco+t7woRRpR3n2yqsrW9sbhW3Szu7e/sH9uFRR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wXJ/53QciFY1FS08S4nM0FHRAMdJGCuxyC3pDbXwOvXsTi1CQeZLDZv12GtgVp+rMAVeJm5MKyNEI7C8vinHKidCYIaX6rpNoP0NSU8zItOSliiQIj9GQ9A0ViBPlZ/MjpvDUKBEcxNI8oeFc/Z3IEFdqwkMzyZEeqWVvJv7n9VM9uPYzKpJUE4EXiwYpgzqGs0ZgRCXBmk0MQVhS81eIR0girE1vJVOCu3zyKumcV93Lqtu8qNRu8jqKoAxOwBlwwRWogTvQAG2AwSN4Bq/gzXqyXqx362MxWrDyzDH4A+vzB5Zfl2w=</latexit>

T & ⇤QCD

<latexit sha1_base64="5N7xj4N6NBGRJBV3mR8DrZ683sQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mXTQfa4Nyxa26c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEratap3VfUeLiv12zyOIpzAKZyDB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AQHKNuQ==</latexit>

�T 2

<latexit sha1_base64="5N7xj4N6NBGRJBV3mR8DrZ683sQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mXTQfa4Nyxa26c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEratap3VfUeLiv12zyOIpzAKZyDB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AQHKNuQ==</latexit>

�T 2



A SIMPLE BSM TRIGGER

N.B. in reality need tiny breaking of H1->-H1 to avoid domain walls, so “0” really means << v

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

<latexit sha1_base64="ykNjHCKJLtR2dH89p7EIf6yeLvY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSFF0W68KFixbsA5oYJpNJO3QmCTMToYbir7hxoYhb/8Odf+O0zUJbDwwczjmXe+f4CaNSWda3UVhaXlldK66XNja3tnfM3b22jFOBSQvHLBZdH0nCaERaiipGuokgiPuMdPxhfeJ3HoiQNI7u1CghLkf9iIYUI6Ulzzw4dW51OkD3VS9zBIfN+vXYM8tWxZoCLhI7J2WQo+GZX04Q45STSGGGpOzZVqLcDAlFMSPjkpNKkiA8RH3S0zRCnEg3m14/hsdaCWAYC/0iBafq74kMcSlH3NdJjtRAznsT8T+vl6rw0s1olKSKRHi2KEwZVDGcVAEDKghWbKQJwoLqWyEeIIGw0oWVdAn2/JcXSbtasc8rVvOsXLvK6yiCQ3AEToANLkAN3IAGaAEMHsEzeAVvxpPxYrwbH7Nowchn9sEfGJ8/G6SUWw==</latexit>

�⇤2
QCD

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="jwKAkHLsfIA9NnBo/Eb5Hz0lFVI=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKBYKwoAwNDK9GH1ITIcZzWqp0E20Gq0q4s/AoLAwix8gds/A1umwFajmTp6JxzdX2PnzAqlWV9G0vLK6tr64WN4ubW9s6uubffknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/qE389gMRksbRrRomxOWoF9GQYqS05JnQudHhAHmZIzhs1K7G0JH3QmUj7tl3ldHYM0tW2ZoCLhI7JyWQo+6ZX04Q45STSGGGpOzaVqLcDAlFMSPjopNKkiA8QD3S1TRCnEg3m14yhsdaCWAYC/0iBafq74kMcSmH3NdJjlRfznsT8T+vm6rwws1olKSKRHi2KEwZVDGc1AIDKghWbKgJwoLqv0LcRwJhpcsr6hLs+ZMXSatSts/KVuO0VL3M6yiAQ3AEToANzkEVXIM6aAIMHsEzeAVvxpPxYrwbH7PokpHPHIA/MD5/AO0Dmdk=</latexit>

⇤QCD

q
|m2

1|

<latexit sha1_base64="arm/uNLJCW6HCp9vAVCOBBJLpV0=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKkkBwVhRBgaGVqIPqWkjx3Vaq3YSbAepSvMZLPwKCwMIsXbjb3AfA7Qc6UpH59xr33u8iFGpLOvbyKysrq1vZDdzW9s7u3vm/kFdhrHApIZDFoqmhyRhNCA1RRUjzUgQxD1GGt6gPPEbT0RIGgYPahiRNke9gPoUI6Ul1zxz5KNQyYi7dqc4Sh1fIJw49/qBLnITR3BYLd+mnfM04W6xU0xdM28VrCngMrHnJA/mqLjm2OmGOOYkUJghKVu2Fal2goSimJE058SSRAgPUI+0NA0QJ7KdTA9L4YlWutAPha5Awan6eyJBXMoh93QnR6ovF72J+J/XipV/3U5oEMWKBHj2kR8zqEI4SQl2qSBYsaEmCAuqd4W4j3Q2SmeZ0yHYiycvk3qxYF8WrOpFvnQzjyMLjsAxOAU2uAIlcAcqoAYweAav4B18GC/Gm/FpfM1aM8Z85hD8gTH+AQFXoFY=</latexit>q
|m2

1|
⇤3
QCD

m2
2

<latexit sha1_base64="oQUJ4Cq0eF02xmXC8Y5itWwNqMI=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQAsaKMjAwtFJfUhNFjuO2Vm0nsh2kKurCwq+wMIAQK//Axt/gthmg5UiWjs65R9f3hAmjSjvOt1VYWV1b3yhulra2d3b37P2DtopTiUkLxyyW3RApwqggLU01I91EEsRDRjrhqDb1Ow9EKhqLph4nxOdoIGifYqSNFNjHTegxopSiHHr3JhehIPMkh43a7SSwy07FmQEuEzcnZZCjHthfXhTjlBOhMUNK9Vwn0X6GpKaYkUnJSxVJEB6hAekZKhAnys9mV0zgqVEi2I+leULDmfo7kSGu1JiHZpIjPVSL3lT8z+ulun/tZ1QkqSYCzxf1UwZ1DKeVwIhKgjUbG4KwpOavEA+RRFib4kqmBHfx5GXSPq+4lxW3cVGu3uR1FMEROAFnwAVXoAruQB20AAaP4Bm8gjfryXqx3q2P+WjByjOH4A+szx9nDpfg</latexit>

T . ⇤QCD



TYPE-0 2HDM PHENOMENOLOGY

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

m2
H

⇠ �1v
2
1  m2

h
= (125 GeV)2



TYPE-0 2HDM PHENOMENOLOGY

Sharp target for HL-LHC which can’t be decoupled! 
(See also the next slide)



1. Are there other SM triggers? 
2. Are there other (simple) BSM triggers?  
3. Can we use the 2HDM trigger to explain the value of 
the weak scale?

EXERCISES FOR THE READER



General expectation:

Light physics related to “trigger 
operators” (we have only 2 so far, 3 

counting BSM confining groups)

<latexit sha1_base64="7yZKdTvPgDzLKJQoI8wvVkq9FK0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFRKRandFF3VZwT6gDWUyuWmHTiZxZlIpod/hxoUibv0Yd/6N04fg88CFwzn3cu89fsKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WppNCgMY9l2ycKOBPQ0ExzaCcSSORzaPnDy6nfGoFULBY3epyAF5G+YCGjRBvJq3XvWACa8QBwrVcsOXbFcStlF/8mru3MUEIL1HvFt24Q0zQCoSknSnVcJ9FeRqRmlMOk0E0VJIQOSR86hgoSgfKy2dETfGSUAIexNCU0nqlfJzISKTWOfNMZET1QP72p+JfXSXV47mVMJKkGQeeLwpRjHeNpAjhgEqjmY0MIlczciumASEK1yalgQvj8FP9Pmie2W7bd69NS9WIRRx4doEN0jFx0hqroCtVRA1F0i+7RI3qyRtaD9Wy9zFtz1mJmH32D9foBt6WSFQ==</latexit>

G eG
<latexit sha1_base64="1AXLRcHiBfhXPAZHEFAUSx6tg9w=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw3SQaG5BLzlGMAskw9DT6Uma9PQM3T1CGPIRXjwo4tXv8ebf2FkE1wcFj/eqqKoXpoJr43nvzsrq2vrGZmGruL2zu7dfOjhs6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCccX8/8zh1Tmify1kxS5sdkKHnEKTFW6jQCjBpBJSiVPbfm4VoVo98Eu94cZViiGZTe+oOEZjGThgqidQ97qfFzogyngk2L/UyzlNAxGbKepZLETPv5/NwpOrXKAEWJsiUNmqtfJ3ISaz2JQ9sZEzPSP72Z+JfXy0x06edcpplhki4WRZlAJkGz39GAK0aNmFhCqOL2VkRHRBFqbEJFG8Lnp+h/0q64uOrim/Ny/WoZRwGO4QTOAMMF1KEBTWgBhTHcwyM8Oanz4Dw7L4vWFWc5cwTf4Lx+AEddjuU=</latexit>

H1H2



USE YOUR TRIGGER PART I: 
GENERIC EXPECTATIONS



TRIGGER BASICS

New Scalar 

Coupled to the Higgs

Sliding Naturalness
[RTD, Teresi] In Preparation



Cutoff

Shift Symmetry

TRIGGER BASICS

<latexit sha1_base64="GxpAxRQWr22ehlodTYWTyiDeWrI=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEBclCaIui27cCBXsBZo0TKaTduhMEmYmQgkFN76KGxeKuPUl3Pk2TtMstPWHgY//nMOZ8wcJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvZaMU4FJE8csFp0AScJoRJqKKkY6iSCIB4y0g9H1tN5+IELSOLpX44R4HA0iGlKMlLZ886Dlu8mQQldSDnnOPQfe+qc9xzerVs3KBRfBLqAKCjV888vtxzjlJFKYISm7tpUoL0NCUczIpOKmkiQIj9CAdDVGiBPpZfkNE3isnT4MY6FfpGDu/p7IEJdyzAPdyZEayvna1Pyv1k1VeOllNEpSRSI8WxSmDKoYTgOBfSoIVmysAWFB9V8hHiKBsNKxVXQI9vzJi9ByavZ5zbk7q9avijjK4BAcgRNggwtQBzegAZoAg0fwDF7Bm/FkvBjvxsestWQUM/vgj4zPH/Delmw=</latexit>

V� ⇠ m2
�M

2
⇤

<latexit sha1_base64="bK6uBXGqn+693uRvJdzzaXq6T/g=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiiIuSFFGXRTduhAr2AU0Ik+mkHTqThJmJUEI2/oobF4q49TPc+TdOHwttPXDhcM693HtPmHKmtON8W0vLK6tr66WN8ubW9s6uvbffUkkmCW2ShCeyE2JFOYtpUzPNaSeVFIuQ03Y4vBn77UcqFUviBz1KqS9wP2YRI1gbKbAPvUhikovASwesyO+Cs8LjHLmBXXGqzgRokbgzUoEZGoH95fUSkgkaa8KxUl3XSbWfY6kZ4bQoe5miKSZD3KddQ2MsqPLzyQMFOjFKD0WJNBVrNFF/T+RYKDUSoekUWA/UvDcW//O6mY6u/JzFaaZpTKaLoowjnaBxGqjHJCWajwzBRDJzKyIDbBLRJrOyCcGdf3mRtGpV96Jauz+v1K9ncZTgCI7hFFy4hDrcQgOaQKCAZ3iFN+vJerHerY9p65I1mzmAP7A+fwBjspZE</latexit>m�

M⇤
⌧ 1

Sliding Naturalness
[RTD, Teresi] In Preparation



TRIGGER BASICS

<latexit sha1_base64="PFUWur6+uPi6WMhd/dv6HuZq1tQ=">AAACEnicbVDLSgMxFM34rPU16tJNsAi6KTNF1GXRTZcV7AM6w5BJ0zY0yYQkI5Sh3+DGX3HjQhG3rtz5N6bTWWjrgQuHc+7l3ntiyag2nvftrKyurW9slrbK2zu7e/vuwWFbJ6nCpIUTlqhujDRhVJCWoYaRrlQE8ZiRTjy+nfmdB6I0TcS9mUgScjQUdEAxMlaK3PN2lAVyRGFjGmjKYTBGUiLIo1ycO5Fvqxa5Fa/q5YDLxC9IBRRoRu5X0E9wyokwmCGte74nTZghZShmZFoOUk0kwmM0JD1LBeJEh1n+0hSeWqUPB4myJQzM1d8TGeJaT3hsOzkyI73ozcT/vF5qBtdhRoVMDRF4vmiQMmgSOMsH9qki2LCJJQgram+FeIQUwsamWLYh+IsvL5N2repfVmt3F5X6TRFHCRyDE3AGfHAF6qABmqAFMHgEz+AVvDlPzovz7nzMW1ecYuYI/IHz+QP+c5xj</latexit>

V�H ⇠ m��H1H2

<latexit sha1_base64="GxpAxRQWr22ehlodTYWTyiDeWrI=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEBclCaIui27cCBXsBZo0TKaTduhMEmYmQgkFN76KGxeKuPUl3Pk2TtMstPWHgY//nMOZ8wcJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvZaMU4FJE8csFp0AScJoRJqKKkY6iSCIB4y0g9H1tN5+IELSOLpX44R4HA0iGlKMlLZ886Dlu8mQQldSDnnOPQfe+qc9xzerVs3KBRfBLqAKCjV888vtxzjlJFKYISm7tpUoL0NCUczIpOKmkiQIj9CAdDVGiBPpZfkNE3isnT4MY6FfpGDu/p7IEJdyzAPdyZEayvna1Pyv1k1VeOllNEpSRSI8WxSmDKoYTgOBfSoIVmysAWFB9V8hHiKBsNKxVXQI9vzJi9ByavZ5zbk7q9avijjK4BAcgRNggwtQBzegAZoAg0fwDF7Bm/FkvBjvxsestWQUM/vgj4zPH/Delmw=</latexit>

V� ⇠ m2
�M

2
⇤

Sliding Naturalness
[RTD, Teresi] In Preparation



TRIGGER BASICS

<latexit sha1_base64="GxpAxRQWr22ehlodTYWTyiDeWrI=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEBclCaIui27cCBXsBZo0TKaTduhMEmYmQgkFN76KGxeKuPUl3Pk2TtMstPWHgY//nMOZ8wcJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvZaMU4FJE8csFp0AScJoRJqKKkY6iSCIB4y0g9H1tN5+IELSOLpX44R4HA0iGlKMlLZ886Dlu8mQQldSDnnOPQfe+qc9xzerVs3KBRfBLqAKCjV888vtxzjlJFKYISm7tpUoL0NCUczIpOKmkiQIj9CAdDVGiBPpZfkNE3isnT4MY6FfpGDu/p7IEJdyzAPdyZEayvna1Pyv1k1VeOllNEpSRSI8WxSmDKoYTgOBfSoIVmysAWFB9V8hHiKBsNKxVXQI9vzJi9ByavZ5zbk7q9avijjK4BAcgRNggwtQBzegAZoAg0fwDF7Bm/FkvBjvxsestWQUM/vgj4zPH/Delmw=</latexit>

V� ⇠ m2
�M

2
⇤

<latexit sha1_base64="PFUWur6+uPi6WMhd/dv6HuZq1tQ=">AAACEnicbVDLSgMxFM34rPU16tJNsAi6KTNF1GXRTZcV7AM6w5BJ0zY0yYQkI5Sh3+DGX3HjQhG3rtz5N6bTWWjrgQuHc+7l3ntiyag2nvftrKyurW9slrbK2zu7e/vuwWFbJ6nCpIUTlqhujDRhVJCWoYaRrlQE8ZiRTjy+nfmdB6I0TcS9mUgScjQUdEAxMlaK3PN2lAVyRGFjGmjKYTBGUiLIo1ycO5Fvqxa5Fa/q5YDLxC9IBRRoRu5X0E9wyokwmCGte74nTZghZShmZFoOUk0kwmM0JD1LBeJEh1n+0hSeWqUPB4myJQzM1d8TGeJaT3hsOzkyI73ozcT/vF5qBtdhRoVMDRF4vmiQMmgSOMsH9qki2LCJJQgram+FeIQUwsamWLYh+IsvL5N2repfVmt3F5X6TRFHCRyDE3AGfHAF6qABmqAFMHgEz+AVvDlPzovz7nzMW1ecYuYI/IHz+QP+c5xj</latexit>

V�H ⇠ m��H1H2

Sliding Naturalness
[RTD, Teresi] In Preparation



TRIGGER BASICS

<latexit sha1_base64="GxpAxRQWr22ehlodTYWTyiDeWrI=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEBclCaIui27cCBXsBZo0TKaTduhMEmYmQgkFN76KGxeKuPUl3Pk2TtMstPWHgY//nMOZ8wcJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvZaMU4FJE8csFp0AScJoRJqKKkY6iSCIB4y0g9H1tN5+IELSOLpX44R4HA0iGlKMlLZ886Dlu8mQQldSDnnOPQfe+qc9xzerVs3KBRfBLqAKCjV888vtxzjlJFKYISm7tpUoL0NCUczIpOKmkiQIj9CAdDVGiBPpZfkNE3isnT4MY6FfpGDu/p7IEJdyzAPdyZEayvna1Pyv1k1VeOllNEpSRSI8WxSmDKoYTgOBfSoIVmysAWFB9V8hHiKBsNKxVXQI9vzJi9ByavZ5zbk7q9avijjK4BAcgRNggwtQBzegAZoAg0fwDF7Bm/FkvBjvxsestWQUM/vgj4zPH/Delmw=</latexit>

V� ⇠ m2
�M

2
⇤

<latexit sha1_base64="PFUWur6+uPi6WMhd/dv6HuZq1tQ=">AAACEnicbVDLSgMxFM34rPU16tJNsAi6KTNF1GXRTZcV7AM6w5BJ0zY0yYQkI5Sh3+DGX3HjQhG3rtz5N6bTWWjrgQuHc+7l3ntiyag2nvftrKyurW9slrbK2zu7e/vuwWFbJ6nCpIUTlqhujDRhVJCWoYaRrlQE8ZiRTjy+nfmdB6I0TcS9mUgScjQUdEAxMlaK3PN2lAVyRGFjGmjKYTBGUiLIo1ycO5Fvqxa5Fa/q5YDLxC9IBRRoRu5X0E9wyokwmCGte74nTZghZShmZFoOUk0kwmM0JD1LBeJEh1n+0hSeWqUPB4myJQzM1d8TGeJaT3hsOzkyI73ozcT/vF5qBtdhRoVMDRF4vmiQMmgSOMsH9qki2LCJJQgram+FeIQUwsamWLYh+IsvL5N2repfVmt3F5X6TRFHCRyDE3AGfHAF6qABmqAFMHgEz+AVvDlPzovz7nzMW1ecYuYI/IHz+QP+c5xj</latexit>

V�H ⇠ m��H1H2

<latexit sha1_base64="JJA3XUlZv6dsBG2U527vY+KfFAU=">AAACDXicbVDLSsNAFJ34rPUVdelmsArioiRF1GXRjRuhgn1AE8NkOmmHziTjzKRQQn/Ajb/ixoUibt2782+ctllo64ELh3Pu5d57QsGo0o7zbS0sLi2vrBbWiusbm1vb9s5uQyWpxKSOE5bIVogUYTQmdU01Iy0hCeIhI82wfzX2mwMiFU3iOz0UxOeoG9OIYqSNFNiHPPBEj0JPUU4eoBdJhDOvj4RAcHBfGWU3wckosEtO2ZkAzhM3JyWQoxbYX14nwSknscYMKdV2HaH9DElNMSOjopcqIhDuoy5pGxojTpSfTb4ZwSOjdGCUSFOxhhP190SGuFJDHppOjnRPzXpj8T+vnerows9oLFJNYjxdFKUM6gSOo4EdKgnWbGgIwpKaWyHuIROINgEWTQju7MvzpFEpu2flyu1pqXqZx1EA++AAHAMXnIMquAY1UAcYPIJn8ArerCfrxXq3PqatC1Y+swf+wPr8AQsim4s=</latexit>

m� ' v2

M⇤

Sliding Naturalness
[RTD, Teresi] In Preparation



The Higgs vev affects at O(1) the    potential near 
its minimum in our universe

This reasoning is quite general and is true for 
several ideas involving cosmological selection 
(relaxion, crunching dilaton, …)

TRIGGER BASICS

Notable exception: Dvali, Vilenkin ’01

<latexit sha1_base64="JJA3XUlZv6dsBG2U527vY+KfFAU=">AAACDXicbVDLSsNAFJ34rPUVdelmsArioiRF1GXRjRuhgn1AE8NkOmmHziTjzKRQQn/Ajb/ixoUibt2782+ctllo64ELh3Pu5d57QsGo0o7zbS0sLi2vrBbWiusbm1vb9s5uQyWpxKSOE5bIVogUYTQmdU01Iy0hCeIhI82wfzX2mwMiFU3iOz0UxOeoG9OIYqSNFNiHPPBEj0JPUU4eoBdJhDOvj4RAcHBfGWU3wckosEtO2ZkAzhM3JyWQoxbYX14nwSknscYMKdV2HaH9DElNMSOjopcqIhDuoy5pGxojTpSfTb4ZwSOjdGCUSFOxhhP190SGuFJDHppOjnRPzXpj8T+vnerows9oLFJNYjxdFKUM6gSOo4EdKgnWbGgIwpKaWyHuIROINgEWTQju7MvzpFEpu2flyu1pqXqZx1EA++AAHAMXnIMquAY1UAcYPIJn8ArerCfrxXq3PqatC1Y+swf+wPr8AQsim4s=</latexit>

m� ' v2

M⇤

Sliding Naturalness
[RTD, Teresi] In Preparation



General expectation:

Extremely light new scalars (or pseudo-
scalars) triggered by the Higgs

<latexit sha1_base64="gMmNYhe5/a3mvjKdaB9e9d08bts=">AAACD3icdVDLSgMxFM3UV62vqks3waKIizIjUu2u6MaNUME+oFOHTJppQ5NMSDKFMvQP3Pgrblwo4tatO//G9CH4PHC5h3PuJbknlIxq47rvTmZufmFxKbucW1ldW9/Ib27VdZwoTGo4ZrFqhkgTRgWpGWoYaUpFEA8ZaYT987HfGBClaSyuzVCSNkddQSOKkbFSkN/ngS97FPqacuj3kZQIDqAfKYTTwY0YpZfBoW1BvuAWy65XLnnwN/GK7gQFMEM1yL/5nRgnnAiDGdK65bnStFOkDMWMjHJ+oolEuI+6pGWpQJzodjq5ZwT3rNKBUaxsCQMn6teNFHGthzy0kxyZnv7pjcW/vFZiotN2SoVMDBF4+lCUMGhiOA4Hdqgi2LChJQgrav8KcQ/ZLIyNMGdD+LwU/k/qR0WvVPSujguVs1kcWbADdsEB8MAJqIALUAU1gMEtuAeP4Mm5cx6cZ+dlOppxZjvb4Buc1w8LEJy0</latexit>

m� ⇠ v
vn

Mn
⇤



A ULTRALIGHT WIMP MIRACLE

<latexit sha1_base64="wtBfpX5hRE3lV48Rh2dIqrzlwfU="></latexit>

T ' v ! ��i = O(M⇤)



A ULTRALIGHT WIMP MIRACLE

<latexit sha1_base64="wtBfpX5hRE3lV48Rh2dIqrzlwfU="></latexit>

T ' v ! ��i = O(M⇤)

[Arkani-Hamed, RTD, Kim] ’20 = [RTD, Teresi] In Preparation
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USE YOUR TRIGGER PART II: 
CRUNCHING



PERTURBATIVE CRUNCH
Sliding Naturalness

[RTD, Teresi] In Preparation

BSM Ingredients: 

Predictions:

•Minimally: Two ultralight scalars that can mediate 
long-range forces and be dark matter (target for 
5th force searches!) 

•Possibly also: New Higgs below 125 GeV

<latexit sha1_base64="9SL3SX99uOnJOTbsQIcMWz30bWE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktoh6LXjxWsB/QXUo2zbahSTYmWaGU/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJppQpsk5anuxNhQziRtWmY57ShNsYg5bcej25nffqLasFQ+2LGikcADyRJGsHVSJ1RD1guV6JUrftWfA62SICcVyNHolb/CfkoyQaUlHBvTDXxlownWlhFOp6UwM1RhMsID2nVUYkFNNJnfO0VnTumjJNWupEVz9ffEBAtjxiJ2nQLboVn2ZuJ/XjezyXU0YVJllkqyWJRkHNkUzZ5HfaYpsXzsCCaauVsRGWKNiXURlVwIwfLLq6RVqwaX1dr9RaV+k8dRhBM4hXMI4ArqcAcNaAIBDs/wCm/eo/fivXsfi9aCl88cwx94nz8czJAG</latexit>

�±



BASIC PICTURE

<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 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

⇤



BASIC PICTURE

<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

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="r8/yUEy8sWOV5b1EZamN9OppI7k=">AAACFHicbVBNS8NAEN3Ur1q/qh69LBZBEGtSRAUvRS8eK9gPaGrYbLft0t0k7E6EEvojvPhXvHhQxKsHb/4bt2kO2vpg4PHeDDPz/EhwDbb9beUWFpeWV/KrhbX1jc2t4vZOQ4exoqxOQxGqlk80EzxgdeAgWCtSjEhfsKY/vJ74zQemNA+DOxhFrCNJP+A9TgkYySsegUexq7nEzon03GjAsdsHlQr2fXLsOGP3MnGVxHrsFUt22U6B54mTkRLKUPOKX243pLFkAVBBtG47dgSdhCjgVLBxwY01iwgdkj5rGxoQyXQnSZ8a4wOjdHEvVKYCwKn6eyIhUuuR9E2nJDDQs95E/M9rx9C76CQ8iGJgAZ0u6sUCQ4gnCeEuV4yCGBlCqOLmVkwHRBEKJseCCcGZfXmeNCpl56xcuT0tVa+yOPJoD+2jQ+Sgc1RFN6iG6oiiR/SMXtGb9WS9WO/Wx7Q1Z2Uzu+gPrM8fRzudGQ==</latexit>

tc ⇠ 1/m� & 10�11 s



<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

BASIC PICTURE
Only universes with the observed value of the weak scale can live longer than EW time. 

Today the multiverse looks like: 



PERTURBATIVE CRUNCH
Sliding Naturalness

[RTD, Teresi] In Preparation

Crunch
Safe

<latexit sha1_base64="f/c595xV/ENeHD0lJwSKRgA8b7M=">AAACAnicbVDLSsNAFL2pr1pfVVfiZrAIrkpSFN0IRTddVrAPaEKYTCft0MkkzEyEEoobf8WNC0Xc+hXu/BunbRbaeuDCmXPu5c49QcKZ0rb9bRVWVtfWN4qbpa3tnd298v5BW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB6Hbqdx6oVCwW93qcUC/CA8FCRrA2kl8+cjkWA05Rw3dM1ZArZ+9r2y9X7Ko9A1omTk4qkKPpl7/cfkzSiApNOFaq59iJ9jIsNSOcTkpuqmiCyQgPaM9QgSOqvGx2wgSdGqWPwliaEhrN1N8TGY6UGkeB6YywHqpFbyr+5/VSHV55GRNJqqkg80VhypGO0TQP1GeSEs3HhmAimfkrIkMsMdEmtZIJwVk8eZm0a1XnomrfnVfqN3kcRTiGEzgDBy6hDg1oQgsIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucP2smVyw==</latexit>

hH1H2i = 0

<latexit sha1_base64="T6NNeBwL/8Ha1KUjdQCXMgfhLb8="></latexit>

V�� = V (��) + (m���H1H2 + h.c.)



PERTURBATIVE CRUNCH
Sliding Naturalness

[RTD, Teresi] In Preparation

Crunch

<latexit sha1_base64="T6NNeBwL/8Ha1KUjdQCXMgfhLb8="></latexit>

V�� = V (��) + (m���H1H2 + h.c.)

<latexit sha1_base64="JtkZ5xwml+FEc9qlhP08pFiqPVw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaQouiy66bKCfUATw2R6kw6dTMLMpFBKd278FTcuFHHrL7jzb5w+Ftp64MKZc+7lzj1hxpnSjvNtrayurW9sFraK2zu7e/v2wWFTpbmk0KApT2U7JAo4E9DQTHNoZxJIEnJohf3bid8agFQsFfd6mIGfkFiwiFGijRTYJx4nIuaAa4FrqoI9OX17cYwHD5XALjllZwq8TNw5KaE56oH95XVTmicgNOVEqY7rZNofEakZ5TAuermCjNA+iaFjqCAJKH80vWOMz4zSxVEqTQmNp+rviRFJlBomoelMiO6pRW8i/ud1ch1d+yMmslyDoLNFUc6xTvEkFNxlEqjmQ0MIlcz8FdMekYRqE13RhOAunrxMmpWye1l27i5K1Zt5HAV0jE7ROXLRFaqiGqqjBqLoET2jV/RmPVkv1rv1MWtdseYzR+gPrM8fnuGX4A==</latexit>

hH1H2i � v
2



PERTURBATIVE CRUNCH
Sliding Naturalness

[RTD, Teresi] In Preparation

Crunch

<latexit sha1_base64="f/c595xV/ENeHD0lJwSKRgA8b7M=">AAACAnicbVDLSsNAFL2pr1pfVVfiZrAIrkpSFN0IRTddVrAPaEKYTCft0MkkzEyEEoobf8WNC0Xc+hXu/BunbRbaeuDCmXPu5c49QcKZ0rb9bRVWVtfWN4qbpa3tnd298v5BW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB6Hbqdx6oVCwW93qcUC/CA8FCRrA2kl8+cjkWA05Rw3dM1ZArZ+9r2y9X7Ko9A1omTk4qkKPpl7/cfkzSiApNOFaq59iJ9jIsNSOcTkpuqmiCyQgPaM9QgSOqvGx2wgSdGqWPwliaEhrN1N8TGY6UGkeB6YywHqpFbyr+5/VSHV55GRNJqqkg80VhypGO0TQP1GeSEs3HhmAimfkrIkMsMdEmtZIJwVk8eZm0a1XnomrfnVfqN3kcRTiGEzgDBy6hDg1oQgsIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucP2smVyw==</latexit>

hH1H2i = 0

<latexit sha1_base64="f/BuBcBTSeMiuRW9oEKFFUcZDcQ="></latexit>

V�+ = V (�+) + (m��+H1H2 + h.c.)



PERTURBATIVE CRUNCH
Sliding Naturalness

[RTD, Teresi] In Preparation

Crunch
Safe

<latexit sha1_base64="JtkZ5xwml+FEc9qlhP08pFiqPVw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaQouiy66bKCfUATw2R6kw6dTMLMpFBKd278FTcuFHHrL7jzb5w+Ftp64MKZc+7lzj1hxpnSjvNtrayurW9sFraK2zu7e/v2wWFTpbmk0KApT2U7JAo4E9DQTHNoZxJIEnJohf3bid8agFQsFfd6mIGfkFiwiFGijRTYJx4nIuaAa4FrqoI9OX17cYwHD5XALjllZwq8TNw5KaE56oH95XVTmicgNOVEqY7rZNofEakZ5TAuermCjNA+iaFjqCAJKH80vWOMz4zSxVEqTQmNp+rviRFJlBomoelMiO6pRW8i/ud1ch1d+yMmslyDoLNFUc6xTvEkFNxlEqjmQ0MIlcz8FdMekYRqE13RhOAunrxMmpWye1l27i5K1Zt5HAV0jE7ROXLRFaqiGqqjBqLoET2jV/RmPVkv1rv1MWtdseYzR+gPrM8fnuGX4A==</latexit>

hH1H2i � v
2

<latexit sha1_base64="f/BuBcBTSeMiuRW9oEKFFUcZDcQ="></latexit>

V�+ = V (�+) + (m��+H1H2 + h.c.)



General expectation:

Light physics related to “trigger 
operators”

<latexit sha1_base64="7yZKdTvPgDzLKJQoI8wvVkq9FK0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFRKRandFF3VZwT6gDWUyuWmHTiZxZlIpod/hxoUibv0Yd/6N04fg88CFwzn3cu89fsKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WppNCgMY9l2ycKOBPQ0ExzaCcSSORzaPnDy6nfGoFULBY3epyAF5G+YCGjRBvJq3XvWACa8QBwrVcsOXbFcStlF/8mru3MUEIL1HvFt24Q0zQCoSknSnVcJ9FeRqRmlMOk0E0VJIQOSR86hgoSgfKy2dETfGSUAIexNCU0nqlfJzISKTWOfNMZET1QP72p+JfXSXV47mVMJKkGQeeLwpRjHeNpAjhgEqjmY0MIlczciumASEK1yalgQvj8FP9Pmie2W7bd69NS9WIRRx4doEN0jFx0hqroCtVRA1F0i+7RI3qyRtaD9Wy9zFtz1mJmH32D9foBt6WSFQ==</latexit>

G eG
<latexit sha1_base64="1AXLRcHiBfhXPAZHEFAUSx6tg9w=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw3SQaG5BLzlGMAskw9DT6Uma9PQM3T1CGPIRXjwo4tXv8ebf2FkE1wcFj/eqqKoXpoJr43nvzsrq2vrGZmGruL2zu7dfOjhs6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCccX8/8zh1Tmify1kxS5sdkKHnEKTFW6jQCjBpBJSiVPbfm4VoVo98Eu94cZViiGZTe+oOEZjGThgqidQ97qfFzogyngk2L/UyzlNAxGbKepZLETPv5/NwpOrXKAEWJsiUNmqtfJ3ISaz2JQ9sZEzPSP72Z+JfXy0x06edcpplhki4WRZlAJkGz39GAK0aNmFhCqOL2VkRHRBFqbEJFG8Lnp+h/0q64uOrim/Ny/WoZRwGO4QTOAMMF1KEBTWgBhTHcwyM8Oanz4Dw7L4vWFWc5cwTf4Lx+AEddjuU=</latexit>

H1H2



General expectation:

Extremely light new scalars (or pseudo-
scalars) triggered by the Higgs

<latexit sha1_base64="gMmNYhe5/a3mvjKdaB9e9d08bts=">AAACD3icdVDLSgMxFM3UV62vqks3waKIizIjUu2u6MaNUME+oFOHTJppQ5NMSDKFMvQP3Pgrblwo4tatO//G9CH4PHC5h3PuJbknlIxq47rvTmZufmFxKbucW1ldW9/Ib27VdZwoTGo4ZrFqhkgTRgWpGWoYaUpFEA8ZaYT987HfGBClaSyuzVCSNkddQSOKkbFSkN/ngS97FPqacuj3kZQIDqAfKYTTwY0YpZfBoW1BvuAWy65XLnnwN/GK7gQFMEM1yL/5nRgnnAiDGdK65bnStFOkDMWMjHJ+oolEuI+6pGWpQJzodjq5ZwT3rNKBUaxsCQMn6teNFHGthzy0kxyZnv7pjcW/vFZiotN2SoVMDBF4+lCUMGhiOA4Hdqgi2LChJQgrav8KcQ/ZLIyNMGdD+LwU/k/qR0WvVPSujguVs1kcWbADdsEB8MAJqIALUAU1gMEtuAeP4Mm5cx6cZ+dlOppxZjvb4Buc1w8LEJy0</latexit>

m� ⇠ v
vn

Mn
⇤



CONCLUSION

•A systematic way of thinking about cosmological 
solutions to the hierarchy problem in terms of weak 
scale triggers 

•New BSM trigger from a 2HDM that will be either 
discovered or excluded at HL-LHC 

• A new way of using this trigger to explain the value 
of the weak scale 

•New DM paradigm: ultralight miracle  
• General Program: understand and test common 
predictions of cosmological solutions to the HP



BACKUP



USE YOUR TRIGGER: CC AND WEAK SCALE 

UV Landscape: Heavy fields (masses just below the cutoff) 
that scan the CC and the Higgs mass squared

<latexit sha1_base64="OKBdzLRaO7gA2//FN1Ec4ljYOLs=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMVHRZdONGqWAf0KlDJs20oUlmSDJCGeYX3Pgrblwo4tadO//GdNqFth64cHLOveTeE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo8uJ334gUtFI3OlxTHocDQQNKUbaSL5dufFTT3LYbGXQYwx6oUQ4vfaP72tZmjuctDLz8O2yU3VywEXizkgZzNDw7S+vH+GEE6ExQ0p1XSfWvRRJTTEjWclLFIkRHqEB6RoqECeql+YXZfDIKH0YRtKU0DBXf0+kiCs15oHp5EgP1bw3Ef/zuokOz3spFXGiicDTj8KEQR3BSTywTyXBmo0NQVhSsyvEQ2Qy0SbEkgnBnT95kbROqu5p1bmtlesXsziK4AAcggpwwRmogyvQAE2AwSN4Bq/gzXqyXqx362PaWrBmM/vgD6zPH1z4nLs=</latexit>

NUV ⌧ M4
⇤

meV4

IR Landscape: Light fields with degenerate minima and a 
coupling to the Higgs

Ingredients:

<latexit sha1_base64="6kXQmtKawUITDB4v0XfzLJ+cWUs=">AAACGHicbVBLSwMxGMzWV62vqkcvwSKIQt2Vih6LXrwoFey20F2XbJptQ5PskmSFsuzP8OJf8eJBEa+9+W9MHwetDgQmM/ORfBMmjCpt219WYWFxaXmluFpaW9/Y3Cpv77gqTiUmTRyzWLZDpAijgjQ11Yy0E0kQDxlphYOrsd96JFLRWNzrYUJ8jnqCRhQjbaSgfHIbZJ7ksOnmxyLwkj6FXq8HvUginN0ERw+1PJsEOHFzcwnKFbtqTwD/EmdGKmCGRlAeed0Yp5wIjRlSquPYifYzJDXFjOQlL1UkQXiAeqRjqECcKD+bLJbDA6N0YRRLc4SGE/XnRIa4UkMemiRHuq/mvbH4n9dJdXThZ1QkqSYCTx+KUgZ1DMctwS6VBGs2NARhSc1fIe4j04k2XZZMCc78yn+Je1p1zqr2Xa1Sv5zVUQR7YB8cAgecgzq4Bg3QBBg8gRfwBt6tZ+vV+rA+p9GCNZvZBb9gjb4BqmqfjA==</latexit>

NUV + n� � M4
⇤

meV4



USE YOUR TRIGGER: CC AND WEAK SCALE 

Low Energy Landscape

⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

hhi = 0
<latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit>

hhi � v
<latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit>

m� ⇠ v2/M⇤ h�i ⇠ M⇤
<latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit>

hhi ' v
<latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit>

<latexit sha1_base64="KQd90kPIrnWHefJdUEKZEafwH7c="></latexit>
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USE YOUR TRIGGER: CC AND WEAK SCALE 

Example:
<latexit sha1_base64="Yj8+sJaA1CrGJ9CAQ+lN6i9BoJ4="></latexit>
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Degenerate 
IR landscape 

Minima

Higgs and CC 
ScanningCC scanning

<latexit sha1_base64="3C23P+Nn77TyTrbC7ZkFPb7YQ98=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjNFUXelbrqsaB/Qx5BJb9vQJDMkGaGUfosbf8WNC0VdCX6MaTugtl64cHLOPdzcE0ScaeO6n05qZXVtfSO9mdna3tndy+4f1HQYKwpVGvJQNQKigTMJVcMMh0akgIiAQz0YXk/1+j0ozUJ5Z0YRtAXpS9ZjlBhL+dmrloj9204BtzhorZmwgMg+B1z2PdtWUPP3z4B1lDoFP5tz8+6s8DLwEpBDSVX87HurG9JYgDSUE62bnhuZ9pgowyiHSaYVa4gIHZI+NC2URIBuj2cnTvCJZbq4Fyrb0uAZ+9sxJkLrkQjspCBmoBe1Kfmf1oxN77I9ZjKKDUg6X9SLOTYhnuaFu0wBNXxkAaGK2b9iOiCKUGNTzdgQvMWTl0GtkPfO8+7NWa5YSuJIoyN0jE6Rhy5QEZVRBVURRQ/oCb2gV+fReXbenI/5aMpJPIfoTzlf3xauosU=</latexit>
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USE YOUR TRIGGER: CC AND WEAK SCALE 

Example:
<latexit sha1_base64="Yj8+sJaA1CrGJ9CAQ+lN6i9BoJ4="></latexit>
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Similar goal to: 
Arvanitaki, Dimopoulos,  

Gorbenko, Huang, 
Van Tilburg ‘16



CRUNCHING TADPOLES
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TYPE-0 2HDM PHENOMENOLOGY



DOMAIN WALLS

Even after EW symmetry breaking a Z2 subgroup of the Z4 is 
spontaneously broken

<latexit sha1_base64="6iubyauckBI7kP6PVKaqKJkfzlc=">AAAB9HicbZBNSwMxEIZn61etX1WPXoJF8GLZFVGPRS89VrAf0C4lm862odnsmmQLpfR3ePGgiFd/jDf/jWm7B219IfDwzgyZeYNEcG1c99vJra1vbG7ltws7u3v7B8XDo4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhvezenOESvNYPppxgn5E+5KHnFFjLb/a9UjHxOSCWOoWS27ZnYusgpdBCTLVusWvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxblDRC7U/mS0/JmXV6JIyVfdKQuft7YkIjrcdRYDsjagZ6uTYz/6u1UxPe+hMuk9SgZIuPwlQQe+YsAdLjCpkRYwuUKW53JWxAFWXG5lSwIXjLJ69C47LsXZfdh6tS5S6LIw8ncArn4MENVKAKNagDgyd4hld4c0bOi/PufCxac042cwx/5Hz+AEtUkH0=</latexit>

H1 ! �H1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="Pn6P/mk0+RpFjfShMAbcetAu6XU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAKSo2j</latexit>v1
<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1
<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1
<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1



DOMAIN WALLS

Even after EW symmetry breaking a Z2 subgroup of the Z4 is 
spontaneously broken

<latexit sha1_base64="6iubyauckBI7kP6PVKaqKJkfzlc=">AAAB9HicbZBNSwMxEIZn61etX1WPXoJF8GLZFVGPRS89VrAf0C4lm862odnsmmQLpfR3ePGgiFd/jDf/jWm7B219IfDwzgyZeYNEcG1c99vJra1vbG7ltws7u3v7B8XDo4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhvezenOESvNYPppxgn5E+5KHnFFjLb/a9UjHxOSCWOoWS27ZnYusgpdBCTLVusWvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxblDRC7U/mS0/JmXV6JIyVfdKQuft7YkIjrcdRYDsjagZ6uTYz/6u1UxPe+hMuk9SgZIuPwlQQe+YsAdLjCpkRYwuUKW53JWxAFWXG5lSwIXjLJ69C47LsXZfdh6tS5S6LIw8ncArn4MENVKAKNagDgyd4hld4c0bOi/PufCxac042cwx/5Hz+AEtUkH0=</latexit>

H1 ! �H1

<latexit sha1_base64="e8rJ5mQqynEpN2GgwO+Y1pDrzT8=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiSlqMtSN26ECvYBTRom00k7dCYJM5NCCfkCN/6KGxeKuHXtzr9x2mahrQcGDuecy517/JhRqSzr2yhsbG5t7xR3S3v7B4dH5vFJR0aJwKSNIxaJno8kYTQkbUUVI71YEMR9Rrr+5Gbud6dESBqFD2oWE5ejUUgDipHSkmdWmg5PoDNSOsKhEwiE0+mgnqV3XuoIDlssG9QyzyxbVWsBuE7snJRBjpZnfjnDCCechAozJGXftmLlpkgoihnJSk4iSYzwBI1IX9MQcSLddHFOBitaGcIgEvqFCi7U3xMp4lLOuK+THKmxXPXm4n9eP1HBtZvSME4UCfFyUZAwqCI47wYOqSBYsZkmCAuq/wrxGOlKlG6wpEuwV09eJ51a1b6sWvf1cqOZ11EEZ+AcXAAbXIEGuAUt0AYYPIJn8ArejCfjxXg3PpbRgpHPnII/MD5/APdHnA8=</latexit>

Bµ & v4

M2
Pl

<latexit sha1_base64="cSvbqWo09FCpOydi4HGgvL1hfZY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkiLosdeOygn1AE8JkOmmHzkzCPAqlduGvuHGhiFt/w51/47TNQlsPXDiccy/33hNnjCrted9OYW19Y3OruF3a2d3bP3APj1oqNRKTJk5ZKjsxUoRRQZqaakY6mSSIx4y04+HtzG+PiFQ0FQ96nJGQo76gCcVIWylyT1owUCZTRMN6wA0cRVVbfuSWvYo3B1wlfk7KIEcjcr+CXooNJ0JjhpTq+l6mwwmSmmJGpqXAKJIhPER90rVUIE5UOJnfP4XnVunBJJW2hIZz9ffEBHGlxjy2nRzpgVr2ZuJ/Xtfo5CacUJEZTQReLEoMgzqFszBgj0qCNRtbgrCk9laIB0girG1kJRuCv/zyKmlVK/5Vxbu/LNfqeRxFcArOwAXwwTWogTvQAE2AwSN4Bq/gzXlyXpx352PRWnDymWPwB87nDzaTlO8=</latexit>

V � Bµv2v1
<latexit sha1_base64="Pn6P/mk0+RpFjfShMAbcetAu6XU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAKSo2j</latexit>v1



PERTURBATIVE CRUNCH
Sliding Naturalness

[RTD, Teresi] In Preparation
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COMPUTE VEVs

Integrate out 

<latexit sha1_base64="onKMDyDCEK/OMjLDHLOIO4DIWeI=">AAAB/XicbVC7TsMwFL3hWcorPDYWiwqJqUoQCMYKFjaKRB9SE1WO67RWHSeyHUSJKn6FhQGEWPkPNv4Gp80ALUeydXTOvfLxCRLOlHacb2thcWl5ZbW0Vl7f2Nzatnd2mypOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKhle537qnUrFY3OlRQv0I9wULGcHaSF1733tgyEsG5oqwHhDMs5tx1644VWcCNE/cglSgQL1rf3m9mKQRFZpwrFTHdRLtZ1hqRjgdl71U0QSTIe7TjqECR1T52ST9GB0ZpYfCWJojNJqovzcyHCk1igIzmUdUs14u/ud1Uh1e+BkTSaqpINOHwpQjHaO8CtRjkhLNR4ZgIpnJisgAS0y0KaxsSnBnvzxPmidV96zq3J5WapdFHSU4gEM4BhfOoQbXUIcGEHiEZ3iFN+vJerHerY/p6IJV7OzBH1ifPy9clQ4=</latexit>

⇠�O

<latexit sha1_base64="KqQqnuXiz3QQK1ahNaelJfbo3xw=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhuaRaQ==</latexit>

O

Add tiny coupling

The low energy tadpole 
gives the vev



HIERARCHY 102

     If you consider gauge singlet operators in the SM 
Lagrangian you can always close the loop

<latexit sha1_base64="TDXGxOy+FfpZVYd62Jjks3zsPa4=">AAACBHicbVC7TsMwFL0pr1JeBcYuFhUSU5UgBIwVLB0YikQfUhMqx3Faq3YSbAdRRR1Y+BUWBhBi5SPY+BvcxwAtR7J1dM49su/xE86Utu1vK7e0vLK6ll8vbGxube8Ud/eaKk4loQ0S81i2fawoZxFtaKY5bSeSYuFz2vIHl2O/dU+lYnF0o4cJ9QTuRSxkBGsjdYslVzFB75D7wJCb9M11ZcIB7tZujVu2K/YEaJE4M1KGGerd4pcbxCQVNNKEY6U6jp1oL8NSM8LpqOCmiiaYDHCPdgyNsKDKyyZLjNChUQIUxtKcSKOJ+juRYaHUUPhmUmDdV/PeWPzP66Q6PPcyFiWpphGZPhSmHOkYjRtBAZOUaD40BBPJzF8R6WOJiTa9FUwJzvzKi6R5XHFOK/b1Sbl6MasjDyU4gCNw4AyqUIM6NIDAIzzDK7xZT9aL9W59TEdz1iyzD39gff4AvJ+Xgw==</latexit>

' ⇠�⇤n

H



A SIMPLE BSM TRIGGER

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0
<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0
<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

Tree Level



A SIMPLE BSM TRIGGER

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

<latexit sha1_base64="ykNjHCKJLtR2dH89p7EIf6yeLvY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSFF0W68KFixbsA5oYJpNJO3QmCTMToYbir7hxoYhb/8Odf+O0zUJbDwwczjmXe+f4CaNSWda3UVhaXlldK66XNja3tnfM3b22jFOBSQvHLBZdH0nCaERaiipGuokgiPuMdPxhfeJ3HoiQNI7u1CghLkf9iIYUI6Ulzzw4dW51OkD3VS9zBIfN+vXYM8tWxZoCLhI7J2WQo+GZX04Q45STSGGGpOzZVqLcDAlFMSPjkpNKkiA8RH3S0zRCnEg3m14/hsdaCWAYC/0iBafq74kMcSlH3NdJjtRAznsT8T+vl6rw0s1olKSKRHi2KEwZVDGcVAEDKghWbKQJwoLqWyEeIIGw0oWVdAn2/JcXSbtasc8rVvOsXLvK6yiCQ3AEToANLkAN3IAGaAEMHsEzeAVvxpPxYrwbH7Nowchn9sEfGJ8/G6SUWw==</latexit>

�⇤2
QCD

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="jwKAkHLsfIA9NnBo/Eb5Hz0lFVI=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKBYKwoAwNDK9GH1ITIcZzWqp0E20Gq0q4s/AoLAwix8gds/A1umwFajmTp6JxzdX2PnzAqlWV9G0vLK6tr64WN4ubW9s6uubffknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/qE389gMRksbRrRomxOWoF9GQYqS05JnQudHhAHmZIzhs1K7G0JH3QmUj7tl3ldHYM0tW2ZoCLhI7JyWQo+6ZX04Q45STSGGGpOzaVqLcDAlFMSPjopNKkiA8QD3S1TRCnEg3m14yhsdaCWAYC/0iBafq74kMcSmH3NdJjlRfznsT8T+vm6rwws1olKSKRHi2KEwZVDGc1AIDKghWbKgJwoLqv0LcRwJhpcsr6hLs+ZMXSatSts/KVuO0VL3M6yiAQ3AEToANzkEVXIM6aAIMHsEzeAVvxpPxYrwbH7PokpHPHIA/MD5/AO0Dmdk=</latexit>

⇤QCD

q
|m2

1|

<latexit sha1_base64="arm/uNLJCW6HCp9vAVCOBBJLpV0=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKkkBwVhRBgaGVqIPqWkjx3Vaq3YSbAepSvMZLPwKCwMIsXbjb3AfA7Qc6UpH59xr33u8iFGpLOvbyKysrq1vZDdzW9s7u3vm/kFdhrHApIZDFoqmhyRhNCA1RRUjzUgQxD1GGt6gPPEbT0RIGgYPahiRNke9gPoUI6Ul1zxz5KNQyYi7dqc4Sh1fIJw49/qBLnITR3BYLd+mnfM04W6xU0xdM28VrCngMrHnJA/mqLjm2OmGOOYkUJghKVu2Fal2goSimJE058SSRAgPUI+0NA0QJ7KdTA9L4YlWutAPha5Awan6eyJBXMoh93QnR6ovF72J+J/XipV/3U5oEMWKBHj2kR8zqEI4SQl2qSBYsaEmCAuqd4W4j3Q2SmeZ0yHYiycvk3qxYF8WrOpFvnQzjyMLjsAxOAU2uAIlcAcqoAYweAav4B18GC/Gm/FpfM1aM8Z85hD8gTH+AQFXoFY=</latexit>q
|m2

1|
⇤3
QCD

m2
2

N.B. in reality need tiny breaking of H1->-H1 to avoid domain walls, so “0” really means << v



DOMAIN WALLS

Even after EW symmetry breaking a Z2 subgroup of the Z4 is 
spontaneously broken

<latexit sha1_base64="6iubyauckBI7kP6PVKaqKJkfzlc=">AAAB9HicbZBNSwMxEIZn61etX1WPXoJF8GLZFVGPRS89VrAf0C4lm862odnsmmQLpfR3ePGgiFd/jDf/jWm7B219IfDwzgyZeYNEcG1c99vJra1vbG7ltws7u3v7B8XDo4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhvezenOESvNYPppxgn5E+5KHnFFjLb/a9UjHxOSCWOoWS27ZnYusgpdBCTLVusWvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxblDRC7U/mS0/JmXV6JIyVfdKQuft7YkIjrcdRYDsjagZ6uTYz/6u1UxPe+hMuk9SgZIuPwlQQe+YsAdLjCpkRYwuUKW53JWxAFWXG5lSwIXjLJ69C47LsXZfdh6tS5S6LIw8ncArn4MENVKAKNagDgyd4hld4c0bOi/PufCxac042cwx/5Hz+AEtUkH0=</latexit>

H1 ! �H1

<latexit sha1_base64="tDjFLU2HfRbXbE54oAoyR1ZxAnw=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKgEEjBUwMBZEH1ITKsd1Wqu2E2ynUhVlZuFXWBhAiJUvYONvcNsM0HKkKx2dc6/uvSeIGVXacb6tufmFxaXlwkpxdW19Y9Pe2q6rKJGY1HDEItkMkCKMClLTVDPSjCVBPGCkEfQvR35jQKSikbjTw5j4HHUFDSlG2khte8+TvaidepLDq0bmKcrJA/RCiXA6uD/O0tusbZecsjMGnCVuTkogR7Vtf3mdCCecCI0ZUqrlOrH2UyQ1xYxkRS9RJEa4j7qkZahAnCg/Hb+SwQOjdGAYSVNCw7H6eyJFXKkhD0wnR7qnpr2R+J/XSnR47qdUxIkmAk8WhQmDOoKjXGCHSoI1GxqCsKTmVoh7yOSgTXpFE4I7/fIsqR+V3dOyc3NSqlzkcRTALtgHh8AFZ6ACrkEV1AAGj+AZvII368l6sd6tj0nrnJXP7IA/sD5/AIFFmsg=</latexit>

⇢DW ' v3

R

<latexit sha1_base64="FgClzvZEXJ3nzpF8G1EyL415cso=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQhrLZbtqlu5uwuymU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHLR2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJ/77QlVmsXyyUwTGgg8lCxiBJtcupj0vX615tbdOdAq8QpSgwLNfvWrN4hJKqg0hGOtu56bmCDDyjDC6azSSzVNMBnjIe1aKrGgOsjmt87QmVUGKIqVLWnQXP09kWGh9VSEtlNgM9LLXi7+53VTE90GGZNJaqgki0VRypGJUf44GjBFieFTSzBRzN6KyAgrTIyNp2JD8JZfXiWty7p3XXcfr2qNuyKOMpzAKZyDBzfQgAdogg8ERvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ac+2N2g==</latexit>�v1
<latexit sha1_base64="Pn6P/mk0+RpFjfShMAbcetAu6XU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAKSo2j</latexit>v1



DOMAIN WALLS

Even after EW symmetry breaking a Z2 subgroup of the Z4 is 
spontaneously broken

<latexit sha1_base64="6iubyauckBI7kP6PVKaqKJkfzlc=">AAAB9HicbZBNSwMxEIZn61etX1WPXoJF8GLZFVGPRS89VrAf0C4lm862odnsmmQLpfR3ePGgiFd/jDf/jWm7B219IfDwzgyZeYNEcG1c99vJra1vbG7ltws7u3v7B8XDo4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhvezenOESvNYPppxgn5E+5KHnFFjLb/a9UjHxOSCWOoWS27ZnYusgpdBCTLVusWvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxblDRC7U/mS0/JmXV6JIyVfdKQuft7YkIjrcdRYDsjagZ6uTYz/6u1UxPe+hMuk9SgZIuPwlQQe+YsAdLjCpkRYwuUKW53JWxAFWXG5lSwIXjLJ69C47LsXZfdh6tS5S6LIw8ncArn4MENVKAKNagDgyd4hld4c0bOi/PufCxac042cwx/5Hz+AEtUkH0=</latexit>

H1 ! �H1

<latexit sha1_base64="6bN9WutO06h0JqPKDngIASofNJM=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqqMeiF49V7Ae0a8mm2TY0m12TbKEs+zu8eFDEqz/Gm//GtN2DVh8MPN6bYWaeHwuujeN8ocLS8srqWnG9tLG5tb1T3t1r6ihRlDVoJCLV9olmgkvWMNwI1o4VI6EvWMsfXU/91pgpzSN5byYx80IykDzglBgred1AEZqOH06z9C7rlStO1ZkB/yVuTiqQo94rf3b7EU1CJg0VROuO68TGS4kynAqWlbqJZjGhIzJgHUslCZn20tnRGT6ySh8HkbIlDZ6pPydSEmo9CX3bGRIz1IveVPzP6yQmuPRSLuPEMEnni4JEYBPhaQK4zxWjRkwsIVRxeyumQ2JzMDankg3BXXz5L2meVN3zqnN7Vqld5XEU4QAO4RhcuIAa3EAdGkDhEZ7gBV7RGD2jN/Q+by2gfGYffgF9fAMDdpJC</latexit>

v3

R

<latexit sha1_base64="eQYFVuR88DItAtzPOa2fldApXXs=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaoh6JXjxiAiwJrKRbutDQ7TZtl4Rs+BFePGiMV3+PN/+NBfag4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepIrRFEp6oTog15UzQlmGG045UFMchp344vp/7/oQqzRLRNFNJgxgPBYsYwcZK/qTvo+ZTrV+uuFV3AbROvJxUIEejX/7qDRKSxlQYwrHWXc+VJsiwMoxwOiv1Uk0lJmM8pF1LBY6pDrLFuTN0YZUBihJlSxi0UH9PZDjWehqHtjPGZqRXvbn4n9dNTXQbZEzI1FBBlouilCOToPnvaMAUJYZPLcFEMXsrIiOsMDE2oZINwVt9eZ20r6reddV9rFXqd3kcRTiDc7gED26gDg/QgBYQGMMzvMKbI50X5935WLYWnHzmFP7A+fwBatqO9w==</latexit>

vWT 4

<latexit sha1_base64="JItEGUw4+3TapI2Nqv/o8MwUut8="></latexit>

⇢DW

⇢�
' v3

T 2MPl



USE YOUR TRIGGER: CC AND WEAK SCALE 

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

<latexit sha1_base64="ykNjHCKJLtR2dH89p7EIf6yeLvY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSFF0W68KFixbsA5oYJpNJO3QmCTMToYbir7hxoYhb/8Odf+O0zUJbDwwczjmXe+f4CaNSWda3UVhaXlldK66XNja3tnfM3b22jFOBSQvHLBZdH0nCaERaiipGuokgiPuMdPxhfeJ3HoiQNI7u1CghLkf9iIYUI6Ulzzw4dW51OkD3VS9zBIfN+vXYM8tWxZoCLhI7J2WQo+GZX04Q45STSGGGpOzZVqLcDAlFMSPjkpNKkiA8RH3S0zRCnEg3m14/hsdaCWAYC/0iBafq74kMcSlH3NdJjtRAznsT8T+vl6rw0s1olKSKRHi2KEwZVDGcVAEDKghWbKQJwoLqWyEeIIGw0oWVdAn2/JcXSbtasc8rVvOsXLvK6yiCQ3AEToANLkAN3IAGaAEMHsEzeAVvxpPxYrwbH7Nowchn9sEfGJ8/G6SUWw==</latexit>

�⇤2
QCD

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="jwKAkHLsfIA9NnBo/Eb5Hz0lFVI=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKBYKwoAwNDK9GH1ITIcZzWqp0E20Gq0q4s/AoLAwix8gds/A1umwFajmTp6JxzdX2PnzAqlWV9G0vLK6tr64WN4ubW9s6uubffknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/qE389gMRksbRrRomxOWoF9GQYqS05JnQudHhAHmZIzhs1K7G0JH3QmUj7tl3ldHYM0tW2ZoCLhI7JyWQo+6ZX04Q45STSGGGpOzaVqLcDAlFMSPjopNKkiA8QD3S1TRCnEg3m14yhsdaCWAYC/0iBafq74kMcSmH3NdJjlRfznsT8T+vm6rwws1olKSKRHi2KEwZVDGc1AIDKghWbKgJwoLqv0LcRwJhpcsr6hLs+ZMXSatSts/KVuO0VL3M6yiAQ3AEToANzkEVXIM6aAIMHsEzeAVvxpPxYrwbH7PokpHPHIA/MD5/AO0Dmdk=</latexit>

⇤QCD

q
|m2

1|

<latexit sha1_base64="arm/uNLJCW6HCp9vAVCOBBJLpV0=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKkkBwVhRBgaGVqIPqWkjx3Vaq3YSbAepSvMZLPwKCwMIsXbjb3AfA7Qc6UpH59xr33u8iFGpLOvbyKysrq1vZDdzW9s7u3vm/kFdhrHApIZDFoqmhyRhNCA1RRUjzUgQxD1GGt6gPPEbT0RIGgYPahiRNke9gPoUI6Ul1zxz5KNQyYi7dqc4Sh1fIJw49/qBLnITR3BYLd+mnfM04W6xU0xdM28VrCngMrHnJA/mqLjm2OmGOOYkUJghKVu2Fal2goSimJE058SSRAgPUI+0NA0QJ7KdTA9L4YlWutAPha5Awan6eyJBXMoh93QnR6ovF72J+J/XipV/3U5oEMWKBHj2kR8zqEI4SQl2qSBYsaEmCAuqd4W4j3Q2SmeZ0yHYiycvk3qxYF8WrOpFvnQzjyMLjsAxOAU2uAIlcAcqoAYweAav4B18GC/Gm/FpfM1aM8Z85hD8gTH+AQFXoFY=</latexit>q
|m2

1|
⇤3
QCD

m2
2 Huge 

CC

Huge 
CCLooks like 

our 
Universe



USE YOUR TRIGGER: CC AND WEAK SCALE 

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

<latexit sha1_base64="ykNjHCKJLtR2dH89p7EIf6yeLvY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSFF0W68KFixbsA5oYJpNJO3QmCTMToYbir7hxoYhb/8Odf+O0zUJbDwwczjmXe+f4CaNSWda3UVhaXlldK66XNja3tnfM3b22jFOBSQvHLBZdH0nCaERaiipGuokgiPuMdPxhfeJ3HoiQNI7u1CghLkf9iIYUI6Ulzzw4dW51OkD3VS9zBIfN+vXYM8tWxZoCLhI7J2WQo+GZX04Q45STSGGGpOzZVqLcDAlFMSPjkpNKkiA8RH3S0zRCnEg3m14/hsdaCWAYC/0iBafq74kMcSlH3NdJjtRAznsT8T+vl6rw0s1olKSKRHi2KEwZVDGcVAEDKghWbKQJwoLqWyEeIIGw0oWVdAn2/JcXSbtasc8rVvOsXLvK6yiCQ3AEToANLkAN3IAGaAEMHsEzeAVvxpPxYrwbH7Nowchn9sEfGJ8/G6SUWw==</latexit>

�⇤2
QCD

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="jwKAkHLsfIA9NnBo/Eb5Hz0lFVI=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKBYKwoAwNDK9GH1ITIcZzWqp0E20Gq0q4s/AoLAwix8gds/A1umwFajmTp6JxzdX2PnzAqlWV9G0vLK6tr64WN4ubW9s6uubffknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/qE389gMRksbRrRomxOWoF9GQYqS05JnQudHhAHmZIzhs1K7G0JH3QmUj7tl3ldHYM0tW2ZoCLhI7JyWQo+6ZX04Q45STSGGGpOzaVqLcDAlFMSPjopNKkiA8QD3S1TRCnEg3m14yhsdaCWAYC/0iBafq74kMcSmH3NdJjlRfznsT8T+vm6rwws1olKSKRHi2KEwZVDGc1AIDKghWbKgJwoLqv0LcRwJhpcsr6hLs+ZMXSatSts/KVuO0VL3M6yiAQ3AEToANzkEVXIM6aAIMHsEzeAVvxpPxYrwbH7PokpHPHIA/MD5/AO0Dmdk=</latexit>

⇤QCD

q
|m2

1|

<latexit sha1_base64="arm/uNLJCW6HCp9vAVCOBBJLpV0=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKkkBwVhRBgaGVqIPqWkjx3Vaq3YSbAepSvMZLPwKCwMIsXbjb3AfA7Qc6UpH59xr33u8iFGpLOvbyKysrq1vZDdzW9s7u3vm/kFdhrHApIZDFoqmhyRhNCA1RRUjzUgQxD1GGt6gPPEbT0RIGgYPahiRNke9gPoUI6Ul1zxz5KNQyYi7dqc4Sh1fIJw49/qBLnITR3BYLd+mnfM04W6xU0xdM28VrCngMrHnJA/mqLjm2OmGOOYkUJghKVu2Fal2goSimJE058SSRAgPUI+0NA0QJ7KdTA9L4YlWutAPha5Awan6eyJBXMoh93QnR6ovF72J+J/XipV/3U5oEMWKBHj2kR8zqEI4SQl2qSBYsaEmCAuqd4W4j3Q2SmeZ0yHYiycvk3qxYF8WrOpFvnQzjyMLjsAxOAU2uAIlcAcqoAYweAav4B18GC/Gm/FpfM1aM8Z85hD8gTH+AQFXoFY=</latexit>q
|m2

1|
⇤3
QCD

m2
2 Huge 

CC

Huge 
CCLooks like 

our 
Universe

What 
happens 

here?



USE YOUR TRIGGER: CC AND WEAK SCALE 

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

<latexit sha1_base64="ykNjHCKJLtR2dH89p7EIf6yeLvY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSFF0W68KFixbsA5oYJpNJO3QmCTMToYbir7hxoYhb/8Odf+O0zUJbDwwczjmXe+f4CaNSWda3UVhaXlldK66XNja3tnfM3b22jFOBSQvHLBZdH0nCaERaiipGuokgiPuMdPxhfeJ3HoiQNI7u1CghLkf9iIYUI6Ulzzw4dW51OkD3VS9zBIfN+vXYM8tWxZoCLhI7J2WQo+GZX04Q45STSGGGpOzZVqLcDAlFMSPjkpNKkiA8RH3S0zRCnEg3m14/hsdaCWAYC/0iBafq74kMcSlH3NdJjtRAznsT8T+vl6rw0s1olKSKRHi2KEwZVDGcVAEDKghWbKQJwoLqWyEeIIGw0oWVdAn2/JcXSbtasc8rVvOsXLvK6yiCQ3AEToANLkAN3IAGaAEMHsEzeAVvxpPxYrwbH7Nowchn9sEfGJ8/G6SUWw==</latexit>

�⇤2
QCD

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="jwKAkHLsfIA9NnBo/Eb5Hz0lFVI=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKBYKwoAwNDK9GH1ITIcZzWqp0E20Gq0q4s/AoLAwix8gds/A1umwFajmTp6JxzdX2PnzAqlWV9G0vLK6tr64WN4ubW9s6uubffknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/qE389gMRksbRrRomxOWoF9GQYqS05JnQudHhAHmZIzhs1K7G0JH3QmUj7tl3ldHYM0tW2ZoCLhI7JyWQo+6ZX04Q45STSGGGpOzaVqLcDAlFMSPjopNKkiA8QD3S1TRCnEg3m14yhsdaCWAYC/0iBafq74kMcSmH3NdJjlRfznsT8T+vm6rwws1olKSKRHi2KEwZVDGc1AIDKghWbKgJwoLqv0LcRwJhpcsr6hLs+ZMXSatSts/KVuO0VL3M6yiAQ3AEToANzkEVXIM6aAIMHsEzeAVvxpPxYrwbH7PokpHPHIA/MD5/AO0Dmdk=</latexit>

⇤QCD

q
|m2

1|

<latexit sha1_base64="arm/uNLJCW6HCp9vAVCOBBJLpV0=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKkkBwVhRBgaGVqIPqWkjx3Vaq3YSbAepSvMZLPwKCwMIsXbjb3AfA7Qc6UpH59xr33u8iFGpLOvbyKysrq1vZDdzW9s7u3vm/kFdhrHApIZDFoqmhyRhNCA1RRUjzUgQxD1GGt6gPPEbT0RIGgYPahiRNke9gPoUI6Ul1zxz5KNQyYi7dqc4Sh1fIJw49/qBLnITR3BYLd+mnfM04W6xU0xdM28VrCngMrHnJA/mqLjm2OmGOOYkUJghKVu2Fal2goSimJE058SSRAgPUI+0NA0QJ7KdTA9L4YlWutAPha5Awan6eyJBXMoh93QnR6ovF72J+J/XipV/3U5oEMWKBHj2kR8zqEI4SQl2qSBYsaEmCAuqd4W4j3Q2SmeZ0yHYiycvk3qxYF8WrOpFvnQzjyMLjsAxOAU2uAIlcAcqoAYweAav4B18GC/Gm/FpfM1aM8Z85hD8gTH+AQFXoFY=</latexit>q
|m2

1|
⇤3
QCD

m2
2

What 
happens 

here?

<latexit sha1_base64="zbcCO2c9X4Rytk8m4Zz7RPPxhck="></latexit>

hH1H2i ⌘ µ
2 ⇠

q
|m2

1|⇤3
QCD/m

2
2

<latexit sha1_base64="WgYjEFmVfUC8Ug5qIWk8xINH4Ys="></latexit>

�⇤min
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⇤
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m2
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<latexit sha1_base64="3Za8IVd3qcT/YU6Wa0PPSsawvNo="></latexit>

2µ2µ2
B � �⇤min

UV
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IR landscape



USE YOUR TRIGGER: CC AND WEAK SCALE 

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

<latexit sha1_base64="ykNjHCKJLtR2dH89p7EIf6yeLvY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSFF0W68KFixbsA5oYJpNJO3QmCTMToYbir7hxoYhb/8Odf+O0zUJbDwwczjmXe+f4CaNSWda3UVhaXlldK66XNja3tnfM3b22jFOBSQvHLBZdH0nCaERaiipGuokgiPuMdPxhfeJ3HoiQNI7u1CghLkf9iIYUI6Ulzzw4dW51OkD3VS9zBIfN+vXYM8tWxZoCLhI7J2WQo+GZX04Q45STSGGGpOzZVqLcDAlFMSPjkpNKkiA8RH3S0zRCnEg3m14/hsdaCWAYC/0iBafq74kMcSlH3NdJjtRAznsT8T+vl6rw0s1olKSKRHi2KEwZVDGcVAEDKghWbKQJwoLqWyEeIIGw0oWVdAn2/JcXSbtasc8rVvOsXLvK6yiCQ3AEToANLkAN3IAGaAEMHsEzeAVvxpPxYrwbH7Nowchn9sEfGJ8/G6SUWw==</latexit>

�⇤2
QCD

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="jwKAkHLsfIA9NnBo/Eb5Hz0lFVI=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKBYKwoAwNDK9GH1ITIcZzWqp0E20Gq0q4s/AoLAwix8gds/A1umwFajmTp6JxzdX2PnzAqlWV9G0vLK6tr64WN4ubW9s6uubffknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/qE389gMRksbRrRomxOWoF9GQYqS05JnQudHhAHmZIzhs1K7G0JH3QmUj7tl3ldHYM0tW2ZoCLhI7JyWQo+6ZX04Q45STSGGGpOzaVqLcDAlFMSPjopNKkiA8QD3S1TRCnEg3m14yhsdaCWAYC/0iBafq74kMcSmH3NdJjlRfznsT8T+vm6rwws1olKSKRHi2KEwZVDGc1AIDKghWbKgJwoLqv0LcRwJhpcsr6hLs+ZMXSatSts/KVuO0VL3M6yiAQ3AEToANzkEVXIM6aAIMHsEzeAVvxpPxYrwbH7PokpHPHIA/MD5/AO0Dmdk=</latexit>

⇤QCD

q
|m2

1|

<latexit sha1_base64="arm/uNLJCW6HCp9vAVCOBBJLpV0=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKkkBwVhRBgaGVqIPqWkjx3Vaq3YSbAepSvMZLPwKCwMIsXbjb3AfA7Qc6UpH59xr33u8iFGpLOvbyKysrq1vZDdzW9s7u3vm/kFdhrHApIZDFoqmhyRhNCA1RRUjzUgQxD1GGt6gPPEbT0RIGgYPahiRNke9gPoUI6Ul1zxz5KNQyYi7dqc4Sh1fIJw49/qBLnITR3BYLd+mnfM04W6xU0xdM28VrCngMrHnJA/mqLjm2OmGOOYkUJghKVu2Fal2goSimJE058SSRAgPUI+0NA0QJ7KdTA9L4YlWutAPha5Awan6eyJBXMoh93QnR6ovF72J+J/XipV/3U5oEMWKBHj2kR8zqEI4SQl2qSBYsaEmCAuqd4W4j3Q2SmeZ0yHYiycvk3qxYF8WrOpFvnQzjyMLjsAxOAU2uAIlcAcqoAYweAav4B18GC/Gm/FpfM1aM8Z85hD8gTH+AQFXoFY=</latexit>q
|m2

1|
⇤3
QCD

m2
2

<latexit sha1_base64="NCyHUoUSCsfCVXyK3EFKcxtqsJU="></latexit>
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USE YOUR TRIGGER: CC AND WEAK SCALE 

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

<latexit sha1_base64="ykNjHCKJLtR2dH89p7EIf6yeLvY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSFF0W68KFixbsA5oYJpNJO3QmCTMToYbir7hxoYhb/8Odf+O0zUJbDwwczjmXe+f4CaNSWda3UVhaXlldK66XNja3tnfM3b22jFOBSQvHLBZdH0nCaERaiipGuokgiPuMdPxhfeJ3HoiQNI7u1CghLkf9iIYUI6Ulzzw4dW51OkD3VS9zBIfN+vXYM8tWxZoCLhI7J2WQo+GZX04Q45STSGGGpOzZVqLcDAlFMSPjkpNKkiA8RH3S0zRCnEg3m14/hsdaCWAYC/0iBafq74kMcSlH3NdJjtRAznsT8T+vl6rw0s1olKSKRHi2KEwZVDGcVAEDKghWbKQJwoLqWyEeIIGw0oWVdAn2/JcXSbtasc8rVvOsXLvK6yiCQ3AEToANLkAN3IAGaAEMHsEzeAVvxpPxYrwbH7Nowchn9sEfGJ8/G6SUWw==</latexit>

�⇤2
QCD

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="jwKAkHLsfIA9NnBo/Eb5Hz0lFVI=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKBYKwoAwNDK9GH1ITIcZzWqp0E20Gq0q4s/AoLAwix8gds/A1umwFajmTp6JxzdX2PnzAqlWV9G0vLK6tr64WN4ubW9s6uubffknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/qE389gMRksbRrRomxOWoF9GQYqS05JnQudHhAHmZIzhs1K7G0JH3QmUj7tl3ldHYM0tW2ZoCLhI7JyWQo+6ZX04Q45STSGGGpOzaVqLcDAlFMSPjopNKkiA8QD3S1TRCnEg3m14yhsdaCWAYC/0iBafq74kMcSmH3NdJjlRfznsT8T+vm6rwws1olKSKRHi2KEwZVDGc1AIDKghWbKgJwoLqv0LcRwJhpcsr6hLs+ZMXSatSts/KVuO0VL3M6yiAQ3AEToANzkEVXIM6aAIMHsEzeAVvxpPxYrwbH7PokpHPHIA/MD5/AO0Dmdk=</latexit>

⇤QCD

q
|m2

1|

<latexit sha1_base64="arm/uNLJCW6HCp9vAVCOBBJLpV0=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKkkBwVhRBgaGVqIPqWkjx3Vaq3YSbAepSvMZLPwKCwMIsXbjb3AfA7Qc6UpH59xr33u8iFGpLOvbyKysrq1vZDdzW9s7u3vm/kFdhrHApIZDFoqmhyRhNCA1RRUjzUgQxD1GGt6gPPEbT0RIGgYPahiRNke9gPoUI6Ul1zxz5KNQyYi7dqc4Sh1fIJw49/qBLnITR3BYLd+mnfM04W6xU0xdM28VrCngMrHnJA/mqLjm2OmGOOYkUJghKVu2Fal2goSimJE058SSRAgPUI+0NA0QJ7KdTA9L4YlWutAPha5Awan6eyJBXMoh93QnR6ovF72J+J/XipV/3U5oEMWKBHj2kR8zqEI4SQl2qSBYsaEmCAuqd4W4j3Q2SmeZ0yHYiycvk3qxYF8WrOpFvnQzjyMLjsAxOAU2uAIlcAcqoAYweAav4B18GC/Gm/FpfM1aM8Z85hD8gTH+AQFXoFY=</latexit>q
|m2

1|
⇤3
QCD

m2
2

Looks like 
our 

Universe

<latexit sha1_base64="TLqCQt4/z7Llb96LYMjwWw1Z0Sk="></latexit>Z
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In the general type-0 2HDM we 
expect the two masses to be 

comparable (otherwise we need 
to tune) 

Furthermore, if the UV landscape 
is scanning the two masses 

squared, we have a logarithmic 
distribution



Quite a few Ideas on the Market

Relaxion 
Nnaturalness

Inflating to the weak scale 
RS Crunch

Precarious Naturalness 
1811.12390 

Selfish Higgs 
Perturbative Crunch

Low Energy Landscapes 
Cosmic Attractors 

Field Theory Landscapes 
…

But not all are created equal



Do you need to make inflation cry?

BEFORE READING THE PAPERS

Is your cutoff at most 10 TeV?



A SIMPLE BSM TRIGGER

<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 Z4 symmetry 

<latexit sha1_base64="cgCzQ/b9KnPB/biUFv1D6P9ndNU=">AAACJnicbVDLSgMxFM34rPVVdekmWAQXWmaKohuh6KbLCvYBnTrcyaRtaCYzJhmhDP0aN/6KGxcVEXd+iukDrK0HAodzzuXmHj/mTGnb/rKWlldW19YzG9nNre2d3dzefk1FiSS0SiIeyYYPinImaFUzzWkjlhRCn9O637sd+fUnKhWLxL3ux7QVQkewNiOgjeTlrsueg10dYYbpQ8qwCzzuwgAb+RS7jwkEhhZ/E2ezkaKXy9sFewy8SJwpyaMpKl5u6AYRSUIqNOGgVNOxY91KQWpGOB1k3UTRGEgPOrRpqICQqlY6PnOAj40S4HYkzRMaj9XZiRRCpfqhb5Ih6K6a90bif14z0e2rVspEnGgqyGRRO+HYHD3qDAdMUqJ53xAgkpm/YtIFCUSbZrOmBGf+5EVSKxaci4J9d54v3UzryKBDdIROkIMuUQmVUQVVEUHP6BUN0bv1Yr1ZH9bnJLpkTWcO0B9Y3z9pkKKv</latexit>

H1 ! ie
i↵
H1, H2 ! ie

�i↵
H2

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

H1H2 ! �H1H2

The Weak Scale As a Trigger
[Arkani-Hamed, RTD, Kim] ‘20



In Quantum Field Theory: Systematic way of integrating out high 
energy degrees of freedom to obtain a simplified low energy theory

RENORMALIZATION

PRECISION CALCULATIONS QFT INSIGHTS FROM STRING THEORY

SYMMETRIES FROM COARSE GRAINING

EFFECTIVE FIELD THEORY



POST-NEWTONIAN EXPANSIONS

LARGE SCALE STRUCTURE

LANDAU THEORY OF FERMI LIQUIDS

CHIRAL PERTURBATION THEORY

ONE TOOL FOR MULTIPLE APPLICATIONS



THE HIERARCHY PROBLEMS

Take a heavy mass scale [Gravity] and apply this 
procedure of integrating out:

HIGGS BOSON MASS ~ 10   observed

SIZE OF THE UNIVERSE ~ 10   observed-60

16

Assumption: in the UV mh and the CC are calculable



THE HIERARCHY PROBLEMS

Take a heavy mass scale [Gravity] and apply this 
procedure of integrating out:

HIGGS BOSON MASS ~ 10   observed

SIZE OF THE UNIVERSE ~ 10   observed-60

16

These answers are 
based on something 
more fundamental 
than the procedure 

itself: Symmetry

Assumption: in the UV mh and the CC are calculable



HIERARCHY 101

For scalars there is nothing special about

So dimensional analysis (i.e. the selection rules of 
dilatations) places their masses near the highest mass 

scale of the theory

<latexit sha1_base64="eNjWpb0ZTKGT5IhsJbOvCg3IXkQ=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Ktmi6EUoevFYwX5Au5Zsmm1Dk+ySZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5YSK4sRh/eyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOasne8LF6jXulMq7gGdAy8XNShhz1Xumr249pKpmyVBBjOj5ObJARbTkVbFLspoYlhI7IgHUcVUQyE2Szcyfo1Cl9FMXalbJopv6eyIg0ZixD1ymJHZpFbyr+53VSG10FGVdJapmi80VRKpCN0fR31OeaUSvGjhCqubsV0SHRhFqXUNGF4C++vEya1Yp/UcH35+XaTR5HAY7hBM7Ah0uowR3UoQEURvAMr/DmJd6L9+59zFtXvHzmCP7A+/wBaWWO9Q==</latexit>

m2
h = 0

<latexit sha1_base64="OMCFpskVhlHGXFQStnAhsK22NKc=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzJTFF0W3XThooJ9QDsdMplMG5pkxiQjlKFu/BU3LhRx61+4829M21lo64HA4Zx7uLknSBhV2nG+raXlldW19cJGcXNre2fX3ttvqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMryd+64FIRWNxp0cJ8TjqCxpRjLSRfPuQ+4NeBXYV5eQedm9MMkR+rVfx7ZJTdqaAi8TNSQnkqPv2VzeMccqJ0JghpTquk2gvQ1JTzMi42E0VSRAeoj7pGCoQJ8rLpheM4YlRQhjF0jyh4VT9ncgQV2rEAzPJkR6oeW8i/ud1Uh1dehkVSaqJwLNFUcqgjuGkDhhSSbBmI0MQltT8FeIBkghrU1rRlODOn7xImpWye152bs9K1au8jgI4AsfgFLjgAlRBDdRBA2DwCJ7BK3iznqwX6936mI0uWXnmAPyB9fkD/MCV8g==</latexit>

m2
h
' ⇤2

H

Finding                    is a mystery 
<latexit sha1_base64="XlMAFpSK/8aS/ByT7FLFxDjaSFc=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqswURZdFN124qGAf0JkOmUymDU0yQ5IRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwwZVRpx/m2VlbX1jc2S1vl7Z3dvX374LCtkkxi0sIJS2Q3RIowKkhLU81IN5UE8ZCRTji6nfqdRyIVTcSDHqfE52ggaEwx0kYK7GMeDPs16DEGvTsTi1DQ6NcCu+JUnRngMnELUgEFmoH95UUJzjgRGjOkVM91Uu3nSGqKGZmUvUyRFOERGpCeoQJxovx8dv4EnhklgnEizRMaztTfiRxxpcY8NJMc6aFa9Kbif14v0/G1n1ORZpoIPF8UZwzqBE67gBGVBGs2NgRhSc2tEA+RRFibxsqmBHfxy8ukXau6l1Xn/qJSvynqKIETcArOgQuuQB00QBO0AAY5eAav4M16sl6sd+tjPrpiFZkj8AfW5w+DkZSN</latexit>

m2
h
⌧ ⇤2

H



HIERARCHY 101

After discovering the Higgs boson

We expect something new to happen at (LEP) the LHC

<latexit sha1_base64="M23SJGklFMFF7CyS1yAAQLrqWM0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJWkWBS8FD3osYL9gCaUzXbaLt1N4u5GKKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5QcyZ0o7zbeWWlldW1/LrhY3Nre0de3evoaJEUqjTiEeyFRAFnIVQ10xzaMUSiAg4NIPh1cRvPoBULArv9CgGX5B+yHqMEm2kjn0gOgPsKSbgHrvlineRelLga2iMO3bRKTlT4EXiZqSIMtQ69pfXjWgiINSUE6XarhNrPyVSM8phXPASBTGhQ9KHtqEhEaD8dPrCGB8bpYt7kTQVajxVf0+kRCg1EoHpFEQP1Lw3Ef/z2onunfspC+NEQ0hni3oJxzrCkzxwl0mgmo8MIVQycyumAyIJ1Sa1ggnBnX95kTTKJbdScm5Pi9XLLI48OkRH6AS56AxV0Q2qoTqi6BE9o1f0Zj1ZL9a79TFrzVnZzD76A+vzB1cmlhw=</latexit>

mh ' 125 GeV

<latexit sha1_base64="IGIpPYI2U3pSUs2lqMBGywXD/Qg=">AAACEHicbVDLSgMxFM34rPU16tJNsIhuLBlRFNwUXdiFiwr2AZ1SMultG5rMjElGKEM/wY2/4saFIm5duvNvTB8LbT2QcDjnXJJ7glhwbQj5dubmFxaXljMr2dW19Y1Nd2u7oqNEMSizSESqFlANgodQNtwIqMUKqAwEVIPe1dCvPoDSPArvTD+GhqSdkLc5o8ZKTffAv7HhFm0Wsa+5hHvsEYKPhjfB/kXqK4mvoTJoujmSJyPgWeJNSA5NUGq6X34rYomE0DBBta57JDaNlCrDmYBB1k80xJT1aAfqloZUgm6ko4UGeN8qLdyOlD2hwSP190RKpdZ9GdikpKarp72h+J9XT0z7vJHyME4MhGz8UDsR2ER42A5ucQXMiL4llClu/4pZlyrKjO0wa0vwpleeJZXjvHeaJ7cnucLlpI4M2kV76BB56AwVUBGVUBkx9Iie0St6c56cF+fd+RhH55zJzA76A+fzB/E/mf8=</latexit>

⇤H ' 100� 1000 GeV



HIERARCHY 102

In the absence of obvious new physics at

We can start questioning our assumptions: does anything 
change in the SM as we vary       ?

<latexit sha1_base64="IGIpPYI2U3pSUs2lqMBGywXD/Qg=">AAACEHicbVDLSgMxFM34rPU16tJNsIhuLBlRFNwUXdiFiwr2AZ1SMultG5rMjElGKEM/wY2/4saFIm5duvNvTB8LbT2QcDjnXJJ7glhwbQj5dubmFxaXljMr2dW19Y1Nd2u7oqNEMSizSESqFlANgodQNtwIqMUKqAwEVIPe1dCvPoDSPArvTD+GhqSdkLc5o8ZKTffAv7HhFm0Wsa+5hHvsEYKPhjfB/kXqK4mvoTJoujmSJyPgWeJNSA5NUGq6X34rYomE0DBBta57JDaNlCrDmYBB1k80xJT1aAfqloZUgm6ko4UGeN8qLdyOlD2hwSP190RKpdZ9GdikpKarp72h+J9XT0z7vJHyME4MhGz8UDsR2ER42A5ucQXMiL4llClu/4pZlyrKjO0wa0vwpleeJZXjvHeaJ7cnucLlpI4M2kV76BB56AwVUBGVUBkx9Iie0St6c56cF+fd+RhH55zJzA76A+fzB/E/mf8=</latexit>

⇤H ' 100� 1000 GeV

Maybe              is not special in a general QFT,  but it is 
special in our very special QFT of the Universe

<latexit sha1_base64="eNjWpb0ZTKGT5IhsJbOvCg3IXkQ=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Ktmi6EUoevFYwX5Au5Zsmm1Dk+ySZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5YSK4sRh/eyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOasne8LF6jXulMq7gGdAy8XNShhz1Xumr249pKpmyVBBjOj5ObJARbTkVbFLspoYlhI7IgHUcVUQyE2Szcyfo1Cl9FMXalbJopv6eyIg0ZixD1ymJHZpFbyr+53VSG10FGVdJapmi80VRKpCN0fR31OeaUSvGjhCqubsV0SHRhFqXUNGF4C++vEya1Yp/UcH35+XaTR5HAY7hBM7Ah0uowR3UoQEURvAMr/DmJd6L9+59zFtXvHzmCP7A+/wBaWWO9Q==</latexit>

m2
h = 0

<latexit sha1_base64="eeckt7iLodKvKAt5YE8V8Ra2AqE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WIwfmwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/dteOdQ==</latexit>

m2
h



PERTURBATIVE CRUNCH
Sliding Naturalness

[RTD, Teresi] In Preparation

Crunch

<latexit sha1_base64="HgqUilOrdumCyKTTnQIs9HEr2pE="></latexit>

V (�+) = ⌘M
3
⇤�+ + ⌘

2
M

2
⇤�

2
+ + ...+ (��2

+H1H2 + h.c.)

<latexit sha1_base64="f/c595xV/ENeHD0lJwSKRgA8b7M=">AAACAnicbVDLSsNAFL2pr1pfVVfiZrAIrkpSFN0IRTddVrAPaEKYTCft0MkkzEyEEoobf8WNC0Xc+hXu/BunbRbaeuDCmXPu5c49QcKZ0rb9bRVWVtfWN4qbpa3tnd298v5BW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB6Hbqdx6oVCwW93qcUC/CA8FCRrA2kl8+cjkWA05Rw3dM1ZArZ+9r2y9X7Ko9A1omTk4qkKPpl7/cfkzSiApNOFaq59iJ9jIsNSOcTkpuqmiCyQgPaM9QgSOqvGx2wgSdGqWPwliaEhrN1N8TGY6UGkeB6YywHqpFbyr+5/VSHV55GRNJqqkg80VhypGO0TQP1GeSEs3HhmAimfkrIkMsMdEmtZIJwVk8eZm0a1XnomrfnVfqN3kcRTiGEzgDBy6hDg1oQgsIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucP2smVyw==</latexit>

hH1H2i = 0



PERTURBATIVE CRUNCH
Sliding Naturalness

[RTD, Teresi] In Preparation

Safe

<latexit sha1_base64="HgqUilOrdumCyKTTnQIs9HEr2pE="></latexit>

V (�+) = ⌘M
3
⇤�+ + ⌘

2
M

2
⇤�

2
+ + ...+ (��2

+H1H2 + h.c.)

<latexit sha1_base64="i/WYvav4Ruo2Eir+2GZrhGP5eRk=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqqQCwVjB0rFI9CE1IXJcp7VqO5HtVKqi7iz8CgsDCLHyA2z8DW6aAVqOdKXjc+/R9T1hwqjSjvNtra1vbG5tl3bKu3v7B4f20XFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O+93J0QqGot7PU2Iz9FQ0IhipI0U2BWPITFkBDYD11QdejJ/e0NtTBxOHuqBXXVqTg64StyCVEGBVmB/eYMYp5wIjRlSqu86ifYzJDXFjMzKXqpIgvAYDUnfUIE4UX6W3zKDZ0YZwCiWpoSGufrbkSGu1JSHZpIjPVLLvbn4X6+f6ujaz6hIUk0EXiyKUgZ1DOfBwAGVBGs2NQRhSc1fIR4hibA28ZVNCO7yyaukU6+5lzXn7qLauCniKIFTUAHnwAVXoAGaoAXaAINH8AxewZv1ZL1Y79bHYnTNKjwn4A+szx8UspnQ</latexit>

hH1H2i & v
2



TRIGGER BASICS
Example I: Relaxion

<latexit sha1_base64="hfgL3vZZw2u2mODNe9aMQx3pySM="></latexit>

V�H ' �2

f2
⇤4
QCD ' M2

⇤
f2

⇤4
QCD

<latexit sha1_base64="W1cpH9hDZcMyQKH7Czhb3UxyKJ4=">AAACB3icbVDLSgMxFM34rPU16lKQYBHERZkpii6LbtwIFewDOtMhk2ba0CQzJhmhDN258VfcuFDErb/gzr8x03ahrQcunJxzL7n3hAmjSjvOt7WwuLS8slpYK65vbG5t2zu7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwVXuNx+IVDQWd3qYEJ+jnqARxUgbKbAPGkHmJX06gp6inNxDHuTPTgXeBCedSmCXnLIzBpwn7pSUwBS1wP7yujFOOREaM6RU23US7WdIaooZGRW9VJEE4QHqkbahAnGi/Gx8xwgeGaULo1iaEhqO1d8TGeJKDXloOjnSfTXr5eJ/XjvV0YWfUZGkmgg8+ShKGdQxzEOBXSoJ1mxoCMKSml0h7iOJsDbRFU0I7uzJ86RRKbtnZef2tFS9nMZRAPvgEBwDF5yDKrgGNVAHGDyCZ/AK3qwn68V6tz4mrQvWdGYP/IH1+QNxFZhf</latexit>

V� ' m2
�M

2
⇤

<latexit sha1_base64="K9DD8Wvy+eBBDnDzQuTrM2RFSuk=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXNVEFF0W3XRZwV6gCWEynbRDJ5MwMxFKKLjxVdy4UMStL+HOt3HaZqGtPwx8/Occzpw/TDlT2nG+raXlldW19dJGeXNre2fX3ttvqSSThDZJwhPZCbGinAna1Exz2kklxXHIaTsc3k7q7QcqFUvEvR6l1I9xX7CIEayNFdiHrSD30gEbnxWA6mPkKRYjN7ArTtWZCi2CW0AFCjUC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOxliqaYDHGfdg0KHFPl59MbxujEOD0UJdI8odHU/T2R41ipURyazhjrgZqvTcz/at1MR9d+zkSaaSrIbFGUcaQTNAkE9ZikRPORAUwkM39FZIAlJtrEVjYhuPMnL0LrvOpeVp27i0rtpoijBEdwDKfgwhXUoA4NaAKBR3iGV3iznqwX6936mLUuWcXMAfyR9fkDyauW9A==</latexit>

V�/V�H ⇠ 1

<latexit sha1_base64="apT8N2oQtRGspsyXSYeFUfPBlbM=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKklVBGNFGRgYWok+pKaNHNdprdpJsB2kKspnsPArLAwgxNqNv8FtM0DLka50dM699r3HixiVyrK+jdza+sbmVn67sLO7t39gHh61ZBgLTJo4ZKHoeEgSRgPSVFQx0okEQdxjpO2NazO//USEpGHwoCYR6XE0DKhPMVJacs0L7jrRiPbL0JGUk0fo+ALhxLnXTwyQmziCw0btNu1X0sTvl1PXLFolaw64SuyMFEGGumtOnUGIY04ChRmSsmtbkeolSCiKGUkLTixJhPAYDUlX0wBxInvJ/LAUnmllAP1Q6AoUnKu/JxLEpZxwT3dypEZy2ZuJ/3ndWPnXvYQGUaxIgBcf+TGDKoSzlOCACoIVm2iCsKB6V4hHSCejdJYFHYK9fPIqaZVL9mXJalSK1Zssjjw4AafgHNjgClTBHaiDJsDgGbyCd/BhvBhvxqfxtWjNGdnMMfgDY/oDHECf0A==</latexit>

m2
� '

⇤4
QCD

f2



HIERARCHY 102

Does anything change in the SM as we vary       ?<latexit sha1_base64="ZR/qKassu2yI3ovzMsIw8BHlkxA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpXnUH3XLFr/ozkGUS5KQCOerd8lenl7BMcY1MUmvbgZ9iOKYGBZN8UupklqeUDWmftx3VVHEbjmenTsiJU3okTowrjWSm/p4YU2XtSEWuU1Ec2EVvKv7ntTOMr8Kx0GmGXLP5ojiTBBMy/Zv0hOEM5cgRyoxwtxI2oIYydOmUXAjB4svL5PGsGlxU/bvzSu06j6MIR3AMpxDAJdTgFurQAAZ9eIZXePOk9+K9ex/z1oKXzxzCH3ifP0+cjdA=</latexit>mh

We can even define a degree of tuning when          is 
calculable 

<latexit sha1_base64="pTZvNrH2+2mNnfXi8J9DrL8Co/U=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLElRdCMU3bisYB/QpGEynSRDJ5MwMxFK6Fe48VfcuFDErbjzb5ymWWjrgQuHc+6duff4KaNSWda3sbS8srq2Xtmobm5t7+yae/sdmWQCkzZOWCJ6PpKEUU7aiipGeqkgKPYZ6fqjm6nffSBC0oTfq3FK3BiFnAYUI6UlzzwV8Ao6gUA4dxjiISMwGjhDFIZEwAg6otAmeexFg8bEM2tW3SoAF4ldkhoo0fLML2eY4CwmXGGGpOzbVqrcHAlFsX626mSSpAiPUEj6mnIUE+nmxVkTeKyVIQwSoYsrWKi/J3IUSzmOfd0ZIxXJeW8q/uf1MxVcujnlaaYIx7OPgoxBlcBpRnBIBcGKjTVBWFC9K8QR0hkpnWRVh2DPn7xIOo26fV637s5qzesyjgo4BEfgBNjgAjTBLWiBNsDgETyDV/BmPBkvxrvxMWtdMsqZA/AHxucPjaefBA==</latexit>

r =
hh†hi
m2

h

<latexit sha1_base64="HMHlkBsRI8OUB/vjaQ6L6Ixsgok=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KIoseiF48V7Ac0sWy203TpZhN2N0IJPXjxr3jxoIhXf4Q3/43bNAdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvH1zO88gFQsFnd6koAfkVCwIaNEG6lvVz1ORMgBj+69AQlDkHiEPZlrfbvm1J0ceJm4BamhAs2+/eUNYppGIDTlRKme6yTaz4jUjHKYVrxUQULomITQM1SQCJSf5U9M8bFRBngYS1NC41z9PZGRSKlJFJjOiOiRWvRm4n9eL9XDSz9jIkk1CDpfNEw51jGeJYIHTALVfGIIoZKZWzEdEUmoNrlVTAju4svLpH1ad8/rzu1ZrXFVxFFGVXSETpCLLlAD3aAmaiGKHtEzekVv1pP1Yr1bH/PWklXMHKI/sD5/AAtml7U=</latexit>

hh†hi

<latexit sha1_base64="Trv4McbxVD4JbcH6Ptm2aPDuG4A=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCUVCMYKFsaikraoCZHjOq1VO4lsB6mKsrPwKywMIMTKD7DxN7htBmg5kuXjc+7V9T1BwqhUlvVtlFZW19Y3ypuVre2d3T1z/6Aj41Rg4uCYxaIXIEkYjYijqGKklwiCeMBINxhfTf3uAxGSxtGtmiTE42gY0ZBipLTkm1XhSsqhGwqEM+5nruCw7bTv8vtGrt8jfflmzapbM8BlYhekBgq0fPPLHcQ45SRSmCEp+7aVKC9DQlHMSF5xU0kShMdoSPqaRogT6WWzXXJ4rJUBDGOhT6TgTP3dkSEu5YQHupIjNZKL3lT8z+unKrzwMholqSIRng8KUwZVDKfBwAEVBCs20QRhQfVfIR4hHYvS8VV0CPbiysuk06jbZ3Xr5rTWvCziKIMjUAUnwAbnoAmuQQs4AINH8AxewZvxZLwY78bHvLRkFD2H4A+Mzx/V4Zrp</latexit>

r ⇠ m2
SUSY

m2
h

<latexit sha1_base64="ssVC3l1cHOYwIJYOgtCend2zGVQ=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqpIKBGMFC2OR6ENqQuS4TmvVTiLbQaqiDiz8CgsDCLHyEWz8DW6bAVqOdHWPzrlX9j1hypnSjvNtrayurW9slrbK2zu7e/v2wWFbJZkktEUSnshuiBXlLKYtzTSn3VRSLEJOO+Hoeup3HqhULInv9DilvsCDmEWMYG2kwK5ITzGBvEhikkeBl7L7+iQXwdC0wK46NWcGtEzcglShQDOwv7x+QjJBY004VqrnOqn2cyw1I5xOyl6maIrJCA9oz9AYC6r8fHbEBJ0YpY+iRJqKNZqpvzdyLJQai9BMCqyHatGbiv95vUxHl37O4jTTNCbzh6KMI52gaSKozyQlmo8NwUQy81dEhtjkoU1uZROCu3jyMmnXa+55zbk9qzauijhKUIFjOAUXLqABN9CEFhB4hGd4hTfryXqx3q2P+eiKVewcwR9Ynz/C1pgq</latexit>

r ⇠ f2
⇡

m2
h

SUSY Compositness



Mysterium Cosmographicum Electron Self-Energy

PAST FINE-TUNING PROBLEMS



Both have paradigm-shifting resolutions

Electron Self-Energy

NEW SYMMETRY 
AND BIRTH OF QFT

THE UNIVERSE IS VAST 
AND WE ARE NOT 

ALONE

Mysterium Cosmographicum

PAST FINE-TUNING PROBLEMS


