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2. Joint explanation [RTD, Teresi ’21]

1. Property of the SM that relates the two quantities
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We have been looking  
for answers  

here

Higgs Boson

High Energies
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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 



2. Joint explanation [RTD, Teresi ’21]

1. Property of the SM that relates the two quantities



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



Does anything change 
as we vary the Higgs mass?
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On-shell N-point 
functions of massive SM 

particles



Does anything change  
as we vary the Higgs mass?
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Nnaturalness [Arkani-Hamed, Cohen, RTD, Hook, Kim, 
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Selfish Higgs [Giudice, Kehagias, Riotto, ‘19]

On-shell N-point 
functions of massive SM 

particles
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Non-trivial!

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

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

3.
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⇤QCD . mh



NEXT: First joint solution to the two problems 
[RTD, Teresi ’21]



SLIDING NATURALNESS 
[RTD, Teresi] ‘21



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

�M2
⇤  m2

H
 M2

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

�⇡  ✓  ⇡

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

✓ ⌧ 1

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

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

✓ ⌧ 1

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

✓ ⌧ 1

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

✓ ⌧ 1

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

hhi ' v

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

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

hhi ' v

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

hhi ' v

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

hhi ' v

SLIDING NATURALNESS



<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 + ✏

Causally disconnected 
Universes with different 
values of the Standard 

Model parameters, 
populated by inflation



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

O1 = �O2 + ✏

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

O1 = �O2 + ✏

1. One day it can be 
tested 
experimentally  

2. Currently our most 
concrete 
explanation for the 
cosmological 
constant 

3. It probably exists 
independently of 
the problem 



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

✓  ✓max

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

tc ⇠ 1/H(⇤QCD) ⇠ 10�5
s

And theta is large

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

✓ ⌧ 1

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

✓ ⌧ 1

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

✓ ⌧ 1

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

✓ ⌧ 1

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

✓ ⌧ 1

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

hhi ' v

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

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

hhi ' v

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

hhi ' v

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

hhi ' v

SLIDING NATURALNESS



CRUNCHING

<latexit sha1_base64="F5qb0MZfB1LjYuXhtzQLO5PQ5DY=">AAACFnicbVBNS8NAEN3Ur1q/qh69LBahHixJEfUoevGgUMWq0KRls93YpbtJ2J0IJeRXePGvePGgiFfx5r9x2+agrQ8GHu/N7M48PxZcg21/W4WZ2bn5heJiaWl5ZXWtvL5xo6NEUdakkYjUnU80EzxkTeAg2F2sGJG+YLd+/3To3z4wpXkUXsMgZp4k9yEPOCVgpE5576oKu9jVXGLWTvfcQBGauufmgS5p1zFk6UUndZXEDZFlWadcsWv2CHiaODmpoByNTvnL7UY0kSwEKojWLceOwUuJAk4Fy0puollMaJ/cs5ahIZFMe+norAzvGKWLg0iZCgGP1N8TKZFaD6RvOiWBnp70huJ/XiuB4MhLeRgnwEI6/ihIBIYIDzPCXa4YBTEwhFDFza6Y9ohJBkySJROCM3nyNLmp15yD2v7lfuX4JI+jiLbQNqoiBx2iY3SGGqiJKHpEz+gVvVlP1ov1bn2MWwtWPrOJ/sD6/AEP6Z6+</latexit>

R(t) ⇠ e�
⇤2t
MPl

<latexit sha1_base64="0sMgO8d0EAhCz/MKxYgfi/q3mUI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMevEYxU0CSQizk9lkyOzsMtMrhCXf4MWDIl79IG/+jZPHQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFRw8SpZtxnsYx1K6CGS6G4jwIlbyWa0yiQvBmMbqd+84lrI2L1iOOEdyM6UCIUjKKV/IcynpNeseRW3BnIKvEWpAQL1HvFr04/ZmnEFTJJjWl7boLdjGoUTPJJoZManlA2ogPetlTRiJtuNjt2Qs6s0idhrG0pJDP190RGI2PGUWA7I4pDs+xNxf+8dorhdTcTKkmRKzZfFKaSYEymn5O+0JyhHFtCmRb2VsKGVFOGNp+CDcFbfnmVNC4q3mWlel8t1W4WceThBE6hDB5cQQ3uoA4+MBDwDK/w5ijnxXl3PuatOWcxcwx/4Hz+AKEujew=</latexit>

R(t)

Negative Cosmological Constant



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

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

✓ ⌧ 1

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

✓ ⌧ 1
<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

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

✓ ⌧ 1

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

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

hhi ' v

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

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

hhi ' v

SLIDING NATURALNESS



CRUNCHING

[Bloch, Csaki, Geller, Volansky, ’18] 
[Csaki, RTD, Geller, Ismail, ’20]



Addition to the SM: Two very weakly coupled scalars
<latexit sha1_base64="Tyn54NIu9RjSFVcyU+cWmXbnv6E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QXUo2zbahSTYmWaGU/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJppQpsk5anuxNhQziRtWmY57ShNsYg5bcej25nffqLasFQ+2LGikcADyRJGsHVSJ1RD1guV6JUrftWfA62SICcVyNHolb/CfkoyQaUlHBvTDXxlownWlhFOp6UwM1RhMsID2nVUYkFNNJnfO0VnTumjJNWupEVz9ffEBAtjxiJ2nQLboVn2ZuJ/XjezyXU0YVJllkqyWJRkHNkUzZ5HfaYpsXzsCCaauVsRGWKNiXURlVwIwfLLq6R1UQ0uq7X7WqV+k8dRhBM4hXMI4ArqcAcNaAIBDs/wCm/eo/fivXsfi9aCl88cwx94nz8dcJAI</latexit>

�±

SLIDING NATURALNESS [RTD, Teresi] ‘21



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

V = V�� + V�+ + VH�� + VH�+

Approximately decoupled from each other

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch
Safe

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

V� = V�� + VH��

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch

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

hhi � v

SLIDING NATURALNESS

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

V� = V�� + VH��

[RTD, Teresi] ‘21



Crunch

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

V+ = V�+ + VH�+

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

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

✓ � 10�10Or

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch
Safe

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

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

hhi & v

SLIDING NATURALNESS

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

V+ = V�+ + VH�+

[RTD, Teresi] ‘21



TOY MODEL (zoom in on shallow minimum)

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

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±



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

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

TOY MODEL (zoom in on shallow minimum)



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

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

TOY MODEL (zoom in on shallow minimum)

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

M+ ⌘
q
m2

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

M� ⌘
q
m2

��
/�



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

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

[RTD, Teresi] ‘21SLIDING NATURALNESS



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

M±/F± ⌧ 1

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

M�/F� ⌧ ✓

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

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

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

F± $ f⇡

Small Breaking of Shift-Symmetry at low Energy

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

M± $ mq

[RTD, Teresi] ‘21SLIDING NATURALNESS



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

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

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

VH�+ ' ⇤4
QCD(hhi)

✓
✓
�+

F+
+

�2
+

F 2
+

◆
+ ✓

��
F�

+ ...

�

[RTD, Teresi] ‘21SLIDING NATURALNESS



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

VH�� ' ✓e↵⇤
4
QCD(hhi)

��
F�



Field ϕ-

Po
te
nt
ia
lV

(ϕ
-
)

〈h〉≲v

〈h〉≳v

Field ϕ+

Po
te
nt
ia
lV

(ϕ
+
)

〈h〉≳v, θ≪1
〈h〉≲v or θ~1

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

<latexit sha1_base64="t+qKpKDnHEtyD5omlWcVOgzKzxY="></latexit>
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[RTD, Teresi] ‘21SLIDING NATURALNESS

<latexit sha1_base64="t+qKpKDnHEtyD5omlWcVOgzKzxY="></latexit>
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<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>
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m2
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<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>
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✓
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+

��
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+ ✓

◆
eGG ,

Solve Strong-CP and Hierarchy problem!

[RTD, Teresi] ‘21SLIDING NATURALNESS
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<latexit sha1_base64="zeEPOwUuaDl7CYAdHC0LDYrE8jU="></latexit>
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✓
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[RTD, Teresi ’21]



<latexit sha1_base64="2/N+EKAcWVExjEUiZRRggXg+KFk=">AAAB+3icdVDLSgNBEJyNrxhfazx6GQyCp7DZxCTegl48RjAPyC7L7GQ2GTL7YKZXDCG/4sWDIl79EW/+jbNJBBUtaCiquunu8hPBFVjWh5FbW9/Y3MpvF3Z29/YPzMNiV8WppKxDYxHLvk8UEzxiHeAgWD+RjIS+YD1/cpX5vTsmFY+jW5gmzA3JKOIBpwS05JnFwHOSMceOTyR2YMyAeGbJKl806/a5ja2yZTXsaj0jdqNmV3FFKxlKaIW2Z747w5imIYuACqLUoGIl4M6IBE4FmxecVLGE0AkZsYGmEQmZcmeL2+f4VCtDHMRSVwR4oX6fmJFQqWno686QwFj99jLxL2+QQtB0ZzxKUmARXS4KUoEhxlkQeMgloyCmmhAqub4V0zGRhIKOq6BD+PoU/0+6drlSL9duaqXW5SqOPDpGJ+gMVVADtdA1aqMOougePaAn9GzMjUfjxXhdtuaM1cwR+gHj7RPNHZRR</latexit>

f�✓̄



Time [A.U.]

Redshifts as  
cold dark 

matter

<latexit sha1_base64="fNqcNfMTw4lCa2vUIgKDfk1hJc8="></latexit>q
⇢�(t) / z3/2

<latexit sha1_base64="zvhyEkDQM2B7XKekKrEn0V+6ZlU=">AAACGHicbVC7TsMwFHV4lvIqMLJYVEhlKQmqgLGChbFI9CE1UeS4TmvVcYJ9g1RF+QwWfoWFAYRYu/E3uI8BWo5k6/ice2WdEySCa7Dtb2tldW19Y7OwVdze2d3bLx0ctnScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHw9uJ335iSvNYPsAoYV5E+pKHnBIwkl86d/WjgswNFaGZqwax7yYDXoGzfPYyd4S55MCJyPMc+6WyXbWnwMvEmZMymqPhl8ZuL6ZpxCRQQbTuOnYCXkYUcCpYXnRTzRJCh6TPuoZKEjHtZdNgOT41Sg+HsTJHAp6qvzcyEmk9igIzGREY6EVvIv7ndVMIr72MyyQFJunsozAVGGI8aQn3uGIUxMgQQpVJTzEdENMRmC6LpgRnMfIyaV1Unctq7b5Wrt/M6yigY3SCKshBV6iO7lADNRFFz+gVvaMP68V6sz6tr9noijXfOUJ/YI1/AI6xoVc=</latexit>s
⇢�(t)

⇢initial
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future nEDMs

[RTD, Teresi] ‘21SLIDING NATURALNESS

n2EDM @ PSI 
nEDM @ SNS (Caltech)



1. Hierarchy and strong CP in one go 

2. Minimal extension of the SM (two extra d.o.f.s) 

3. No funny business with inflation (it even works without) 

4. No upper bound on the maximal cutoff 

5. No real problem of measure 

6. No relaxion-like obstructions to UV completion (non-
compact potential lives on much smaller scales than the 

decay constant) 

7. Potentially smoking gun signals (EDM correlated to DM) 

CONCLUSION



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

⇤S ⌧ MPl

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

O1 = �O2 + ✏

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

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

�±G eG



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

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

hG eGi ' (yu + yd)hhif3
⇡(hhi)✓



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

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

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

[Arkani-Hamed, RTD, Kim, ’20]



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



<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

<latexit sha1_base64="a41Yb04IkksfSAoW8GJH1pHmbHs=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkZrkFheAxglkgGUNPT03S2LPQ3WMIQ/7DiwdFvPov3vwbO8kIKvqg4PFeFVX13JgzqSzrw8itrK6tb+Q3C1vbO7t7xf2DjowSQaFNIx6JnkskcBZCWzHFoRcLIIHLoeveXc797j0IyaLwRk1jcAIyCpnPKFFaum3iwYR5oBj3ADeHxZJl1i27fl7FS1IrZ6RSx7ZpLVBCGVrD4vvAi2gSQKgoJ1L2bStWTkqEYpTDrDBIJMSE3pER9DUNSQDSSRdXz/CJVjzsR0JXqPBC/T6RkkDKaeDqzoCosfztzcW/vH6i/JqTsjBOFIR0uchPOFYRnkeAPSaAKj7VhFDB9K2YjokgVOmgCjqEr0/x/6RzZtoVs3xdLjUusjjy6Agdo1NkoypqoCvUQm1EkUAP6Ak9GxPj0XgxXpetOSObOUQ/YLx9AiaeklI=</latexit>

F eF



A 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

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

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

alive at the LHC.

[Arkani-Hamed, RTD, Kim, ’20]



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

m2
H

⇠ �1v
2
1  m2

h
= (125 GeV)2

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



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

This gives

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

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

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



Sharp target for HL-LHC and FCC  
which can’t be decoupled! 

(See also the next slide)

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



TYPE-0 2HDM



<latexit sha1_base64="a41Yb04IkksfSAoW8GJH1pHmbHs=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkZrkFheAxglkgGUNPT03S2LPQ3WMIQ/7DiwdFvPov3vwbO8kIKvqg4PFeFVX13JgzqSzrw8itrK6tb+Q3C1vbO7t7xf2DjowSQaFNIx6JnkskcBZCWzHFoRcLIIHLoeveXc797j0IyaLwRk1jcAIyCpnPKFFaum3iwYR5oBj3ADeHxZJl1i27fl7FS1IrZ6RSx7ZpLVBCGVrD4vvAi2gSQKgoJ1L2bStWTkqEYpTDrDBIJMSE3pER9DUNSQDSSRdXz/CJVjzsR0JXqPBC/T6RkkDKaeDqzoCosfztzcW/vH6i/JqTsjBOFIR0uchPOFYRnkeAPSaAKj7VhFDB9K2YjokgVOmgCjqEr0/x/6RzZtoVs3xdLjUusjjy6Agdo1NkoypqoCvUQm1EkUAP6Ak9GxPj0XgxXpetOSObOUQ/YLx9AiaeklI=</latexit>

F eF

<latexit sha1_base64="5Fmh9oL5NWeKhyZcfRhbscSvP28="></latexit>

L � �mLLL
c �mNNN

c � yLHN
c � y

c
L
c
HN + h.c.� �

32⇡2f
F eF

New vector-like leptons
+

Dark confining gauge group



<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

<latexit sha1_base64="a41Yb04IkksfSAoW8GJH1pHmbHs=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkZrkFheAxglkgGUNPT03S2LPQ3WMIQ/7DiwdFvPov3vwbO8kIKvqg4PFeFVX13JgzqSzrw8itrK6tb+Q3C1vbO7t7xf2DjowSQaFNIx6JnkskcBZCWzHFoRcLIIHLoeveXc797j0IyaLwRk1jcAIyCpnPKFFaum3iwYR5oBj3ADeHxZJl1i27fl7FS1IrZ6RSx7ZpLVBCGVrD4vvAi2gSQKgoJ1L2bStWTkqEYpTDrDBIJMSE3pER9DUNSQDSSRdXz/CJVjzsR0JXqPBC/T6RkkDKaeDqzoCosfztzcW/vH6i/JqTsjBOFIR0uchPOFYRnkeAPSaAKj7VhFDB9K2YjokgVOmgCjqEr0/x/6RzZtoVs3xdLjUusjjy6Agdo1NkoypqoCvUQm1EkUAP6Ak9GxPj0XgxXpetOSObOUQ/YLx9AiaeklI=</latexit>

F eF



BACKUP



n2EDM



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

VH1H2 = m
2
1|H1|2 +m

2
2|H2|2 +

�1

2
|H1|4 +

�2

2
|H2|4

+�3|H1|2|H2|2 + �4|H1H2|2 +
✓
�5

2
(H1H2)

2 + h.c.

◆

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

Bµ = �6,7 = 0

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

H1H2

�
Bµ+ �6|H1|2 + �7|H2|2

�

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



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

hG eGi ' (yu + yd)hhif3
⇡(hhi)✓

1. Strong-CP problem known for 50 years 

2. Higgs hierarchy problem known for 50 years 

3. Sensitivity to theta-angle and Higgs vev known for 50 years 



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

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


…

Dynamical Selection

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

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

’21],

…

Anthropic Selection

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

Huang, Van Tilburg ’16], 

[Arkani-Hamed, RTD, Kim, ‘20], 

[Giudice, Kehagias, Riotto, ’20],


…



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 or 
for little HP  

In the SM at 3 loops 
it’s sensitive to flavor 
breaking by Yukawas

Needs extra B+L breaking   
Beyond the SM

POTENTIAL TRIGGERS



<latexit sha1_base64="WEhjw4C2KmUfiWinoBYAbgxKSTc=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInuKuBPUY9OLBQwTzgOwSZiezyZCZ3WUeQgz5Ei8eFPHqp3jzb5wke9BoQUNR1U13V5RxprTnfTmFldW19Y3iZmlre2e37O7tt1RqJKFNkvJUdiKsKGcJbWqmOe1kkmIRcdqORtczv/1ApWJpcq/HGQ0FHiQsZgRrK/XccpANGQoUE+j2NBCm51a8qjcH+kv8nFQgR6Pnfgb9lBhBE004Vqrre5kOJ1hqRjidlgKjaIbJCA9o19IEC6rCyfzwKTq2Sh/FqbSVaDRXf05MsFBqLCLbKbAeqmVvJv7ndY2OL8MJSzKjaUIWi2LDkU7RLAXUZ5ISzceWYCKZvRWRIZaYaJtVyYbgL7/8l7TOqv55tXZXq9Sv8jiKcAhHcAI+XEAdbqABTSBg4Ale4NV5dJ6dN+d90Vpw8pkD+AXn4xvDSpKF</latexit>

� ⇠ L/µ
<latexit sha1_base64="M00DYbziU8VVyI+kucO2JSqikJk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrmoiRV0W3bisYB/QhDKZTNqhM0mYmQglFPwVNy4Ucet3uPNvnLZZaOuBgcM593DvnCDlTGnH+bZKK6tr6xvlzcrW9s7unr1/0FZJJgltkYQnshtgRTmLaUszzWk3lRSLgNNOMLqd+p1HKhVL4gc9Tqkv8CBmESNYG6lvH3npkCFPMYE8kZ173ERD3LerTs2ZAS0TtyBVKNDs219emJBM0FgTjpXquU6q/RxLzQink4qXKZpiMsID2jM0xoIqP5+dP0GnRglRlEjzYo1m6u9EjoVSYxGYSYH1UC16U/E/r5fp6NrPWZxmmsZkvijKONIJmnaBQiYp0XxsCCaSmVsRGWKJiTaNVUwJ7uKXl0n7ouZe1ur39WrjpqijDMdwAmfgwhU04A6a0AICOTzDK7xZT9aL9W59zEdLVpE5hD+wPn8AfHCVMg==</latexit>

� ⇠ µ/�

SIMPLE UV COMPLETION

<latexit sha1_base64="rpHJCzSqznY8F4cdm7Wy0J5lvd4=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQLGWm1sdGKLpx4aKCfUBnLJk07YQmM0OSEcrQL3Hjr7hxoYjgSv/GzLQLbT0QODnn3pvc40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaMBaSiqGGlHgiDuMdLyhlep33ogQtIwuFOjiLgcDQLapxgpLXXNk1Y3cSKfjuEFvIFO3afwCDo8zuh9Jb0wPa2HJsKxU4IlWOiaRatsZYDzxJ6SIpii3jU/nV6IY04ChRmSsmNbkXITJBTFjIwLTixJhPAQDUhH0wBxIt0kW28MD7TSg/1Q6BMomKm/OxLEpRxxT1dypHw566Xif14nVv1zN6FBFCsS4MlD/ZhBFcI0K9ijgmDFRpogLKj+K8Q+EggrnWgagj278jxpVsr2abl6Wy3WLqdx5MEe2AeHwAZnoAauQR00AAaP4Bm8gjfjyXgx3o2PSWnOmPbsgj8wvn4A9zOeoQ==</latexit>

W� = L�+ µ�2 + ��3 ,

[RTD, Teresi] ‘21



<latexit sha1_base64="rpHJCzSqznY8F4cdm7Wy0J5lvd4=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQLGWm1sdGKLpx4aKCfUBnLJk07YQmM0OSEcrQL3Hjr7hxoYjgSv/GzLQLbT0QODnn3pvc40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaMBaSiqGGlHgiDuMdLyhlep33ogQtIwuFOjiLgcDQLapxgpLXXNk1Y3cSKfjuEFvIFO3afwCDo8zuh9Jb0wPa2HJsKxU4IlWOiaRatsZYDzxJ6SIpii3jU/nV6IY04ChRmSsmNbkXITJBTFjIwLTixJhPAQDUhH0wBxIt0kW28MD7TSg/1Q6BMomKm/OxLEpRxxT1dypHw566Xif14nVv1zN6FBFCsS4MlD/ZhBFcI0K9ijgmDFRpogLKj+K8Q+EggrnWgagj278jxpVsr2abl6Wy3WLqdx5MEe2AeHwAZnoAauQR00AAaP4Bm8gjfjyXgx3o2PSWnOmPbsgj8wvn4A9zOeoQ==</latexit>

W� = L�+ µ�2 + ��3 ,

<latexit sha1_base64="SBRqA4zBQ7vt/L7WSiKuM0MxwZk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoCCHRom6EohuXFewDmlom00kzdGYSZiZCCf0FN/6KGxeKuHXnzr9xmnahrQcuHM65l3vvCRJGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2wFShFFBGppqRtqJJIgHjLSC4fXEbz0QqWgs7vQoIV2OBoKGFCNtpJ5dafYyX3IYjC99kijKYgF9nkI/iej96XHuRQ52xj277DpuDrhIvBkpgxnqPfvL78c45URozJBSHc9NdDdDUlPMyLjkp4okCA/RgHQMFYgT1c3yj8bwyCh9GMbSlNAwV39PZIgrNeKB6eRIR2rem4j/eZ1UhxfdjIok1UTg6aIwZVDHcBIP7FNJsGYjQxCW1NwKcYQkwtqEWDIhePMvL5LmieOdOdXbarl2NYujCA7AIagAD5yDGrgBddAAGDyCZ/AK3qwn68V6tz6mrQVrNrMP/sD6/AEiVpyS</latexit>

Vb = ✏µ�3 + h.c.

Crunch
Safe

SIMPLE UV COMPLETION [RTD, Teresi] ‘21



<latexit sha1_base64="a41Yb04IkksfSAoW8GJH1pHmbHs=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkZrkFheAxglkgGUNPT03S2LPQ3WMIQ/7DiwdFvPov3vwbO8kIKvqg4PFeFVX13JgzqSzrw8itrK6tb+Q3C1vbO7t7xf2DjowSQaFNIx6JnkskcBZCWzHFoRcLIIHLoeveXc797j0IyaLwRk1jcAIyCpnPKFFaum3iwYR5oBj3ADeHxZJl1i27fl7FS1IrZ6RSx7ZpLVBCGVrD4vvAi2gSQKgoJ1L2bStWTkqEYpTDrDBIJMSE3pER9DUNSQDSSRdXz/CJVjzsR0JXqPBC/T6RkkDKaeDqzoCosfztzcW/vH6i/JqTsjBOFIR0uchPOFYRnkeAPSaAKj7VhFDB9K2YjokgVOmgCjqEr0/x/6RzZtoVs3xdLjUusjjy6Agdo1NkoypqoCvUQm1EkUAP6Ak9GxPj0XgxXpetOSObOUQ/YLx9AiaeklI=</latexit>

F eF

[Beauchesne, Bertuzzo, Grilli di Cortona ’17]
See also [Banta, Cohen, Craig, Lu, Sutherland ’21]



AN AXION THAT IS NOT AN AXION

<latexit sha1_base64="621V3nO6ammYVMc+FHqbshW4LLM=">AAACHXicbVC7SgNBFJ2Nrxhfq5Y2g0GIhWFX4qMM2lhYJGAekI3h7mSSDJnZXWZmhbDkR2z8FRsLRSxsxL9xNkmhiQcGDufcy51z/IgzpR3n28osLa+srmXXcxubW9s79u5eXYWxJLRGQh7Kpg+KchbQmmaa02YkKQif04Y/vE79xgOVioXBnR5FtC2gH7AeI6CN1LFLngA9IMCT27Gn4khRjesFLxqw4xM8winBng8SV7HXByHg/gxXO3beKToT4EXizkgezVDp2J9eNySxoIEmHJRquU6k2wlIzQin45wXKxoBGUKftgwNQFDVTibpxvjIKF3cC6V5gcYT9fdGAkKpkfDNZJpFzXup+J/XinXvsp2wIIo1Dcj0UC/mWIc4rQp3maRE85EhQCQzf8VkABKINoXmTAnufORFUj8tuufFUrWUL1/N6siiA3SICshFF6iMblAF1RBBj+gZvaI368l6sd6tj+loxprt7KM/sL5+AEygoMI=</latexit>

L � V (�)� y�Q̄�5Q

<latexit sha1_base64="jUslO7qcIGcbqpwuB7Io2riYqRs="></latexit>

L � V (�)� @µ�

f
Q̄�µ�5Q

<latexit sha1_base64="N6LFndht15yXC8LUWC2XxC+FeMY="></latexit>

L � V (�)� �

f 0G
eG

Integrate out Q



AN AXION THAT IS NOT AN AXION

The gauge symmetry
<latexit sha1_base64="tSnNF1gMIOM+6xxUNt6nUrdrfpI=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEQShJKeqyKIjLCvYBTSiT6aQdOpmEmYlQSt34K25cKOLWv3Dn3zhNs9DWAwOHc+7lzjlBwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8Hweuq3HqhULBb3epRQP8J9wUJGsDZS1z70kgFDno5RRs5QxUsYEuima5ecspMBLRI3JyXIUe/aX14vJmlEhSYcK9VxnUT7Yyw1I5xOil6qaILJEPdpx1CBI6r8cZZggk6M0kNhLM0TGmXq740xjpQaRYGZjLAeqHlvKv7ndVIdXvpjJpJUU0Fmh8KUIxN4WgfqMUmJ5iNDMJHM/BWRAZaYaFNa0ZTgzkdeJM1K2T0vV++qpdpVXkcBjuAYTsGFC6jBLdShAQQe4Rle4c16sl6sd+tjNrpk5TsH8AfW5w+4dpUj</latexit>

� ! �+ 2⇡nF

Can be non-linearly realized  
(for instance axion monodromy) 



The gauge symmetry
<latexit sha1_base64="tSnNF1gMIOM+6xxUNt6nUrdrfpI=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEQShJKeqyKIjLCvYBTSiT6aQdOpmEmYlQSt34K25cKOLWv3Dn3zhNs9DWAwOHc+7lzjlBwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8Hweuq3HqhULBb3epRQP8J9wUJGsDZS1z70kgFDno5RRs5QxUsYEuima5ecspMBLRI3JyXIUe/aX14vJmlEhSYcK9VxnUT7Yyw1I5xOil6qaILJEPdpx1CBI6r8cZZggk6M0kNhLM0TGmXq740xjpQaRYGZjLAeqHlvKv7ndVIdXvpjJpJUU0Fmh8KUIxN4WgfqMUmJ5iNDMJHM/BWRAZaYaFNa0ZTgzkdeJM1K2T0vV++qpdpVXkcBjuAYTsGFC6jBLdShAQQe4Rle4c16sl6sd+tjNrpk5TsH8AfW5w+4dpUj</latexit>

� ! �+ 2⇡nF

Can be non-linearly realized  
(for instance axion monodromy) 

<latexit sha1_base64="HRNoUUuKsiWFlnd3YEoc8YEgHic=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qBehKojHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzz084U9q2v63C0vLK6lpxvbSxubW9U97da6k4lYQ2Scxj2fGxopwJ2tRMc9pJJMWRz2nbH95M/PYTlYrF4kGPEupGuC9YyAjWRnq89WroEgVX3qlXrthVewq0SJycVCBHwyt/9YKYpBEVmnCsVNexE+1mWGpGOB2XeqmiCSZD3KddQwWOqHKz6cVjdGSUAIWxNCU0mqq/JzIcKTWKfNMZYT1Q895E/M/rpjq8cDMmklRTQWaLwpQjHaPJ+yhgkhLNR4ZgIpm5FZEBlphoE1LJhODMv7xIWidV56xau69V6td5HEU4gEM4BgfOoQ530IAmEBDwDK/wZinrxXq3PmatBSuf2Yc/sD5/AGjqj3Q=</latexit>

F4 = dA3

[Dvali 0507215]

AN AXION THAT IS NOT AN AXION



<latexit sha1_base64="FcZxjt2dVERTmkBSan+/DxemSiA="></latexit>

L = � 1

48
Fµ⌫⇢�F

µ⌫⇢� +
(@µ�)2

2
� m�

24
p
2
�✏µ⌫⇢�Fµ⌫⇢�

Total derivative (respects the full shift-symmetry)

AN AXION THAT IS NOT AN AXION



<latexit sha1_base64="FcZxjt2dVERTmkBSan+/DxemSiA="></latexit>

L = � 1

48
Fµ⌫⇢�F

µ⌫⇢� +
(@µ�)2

2
� m�

24
p
2
�✏µ⌫⇢�Fµ⌫⇢�

New gauge group

AN AXION THAT IS NOT AN AXION

<latexit sha1_base64="ovJEzr+3FpGnuL+Thvz3O3Ly3wk="></latexit>

Aµ⌫⇢ =
g2

8⇡2
Tr

✓
A[µA⌫A⇢] �

3

2
A[µ@⌫A⇢]

◆

<latexit sha1_base64="g1qf948pLIgrX3nBoXLgQ0L18sA=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjom6EVjcuK/QF7VgyaaYNTWaGJKOU2k9x40IRt36JO//GTDsLbT0Q7uGce7k3x485U9pxvq3cyura+kZ+s7C1vbO7Zxf3mypKJKENEvFItn2sKGchbWimOW3HkmLhc9ryRzep33qgUrEorOtxTD2BByELGMHaSD27WO11RXJVvcdpRXVT7ZJTdmZAy8TNSAky1Hr2V7cfkUTQUBOOleq4Tqy9CZaaEU6nhW6iaIzJCA9ox9AQC6q8yez0KTo2Sh8FkTQv1Gim/p6YYKHUWPimU2A9VIteKv7ndRIdXHoTFsaJpiGZLwoSjnSE0hxQn0lKNB8bgolk5lZEhlhiok1aBROCu/jlZdI8Lbvn5bO7s1LlOosjD4dwBCfgwgVU4BZq0AACj/AMr/BmPVkv1rv1MW/NWdnMAfyB9fkDIpOTSQ==</latexit>

Aµ = Aa
µT

a

<latexit sha1_base64="U8iA7OMPt0/In//wiuJNj93w6Uw="></latexit>

�✏µ⌫⇢�Fµ⌫⇢� =
g2�

32⇡2
Tr

⇣
Fµ⌫

eFµ⌫
⌘



<latexit sha1_base64="FcZxjt2dVERTmkBSan+/DxemSiA="></latexit>

L = � 1

48
Fµ⌫⇢�F

µ⌫⇢� +
(@µ�)2

2
� m�

24
p
2
�✏µ⌫⇢�Fµ⌫⇢�

Integrate out the non-dynamical 3-form

<latexit sha1_base64="4RkL/VpmYU1DtzMBPHS/IViNnUY="></latexit>

L =
(@µ�)2

2
�

m2
�

2
�2

AN AXION THAT IS NOT AN AXION



<latexit sha1_base64="FcZxjt2dVERTmkBSan+/DxemSiA="></latexit>

L = � 1

48
Fµ⌫⇢�F

µ⌫⇢� +
(@µ�)2

2
� m�

24
p
2
�✏µ⌫⇢�Fµ⌫⇢�

Integrate out the non-dynamical 3-form

AN AXION THAT IS NOT AN AXION

<latexit sha1_base64="EtQQzG+mLDRCBURshm3Y7A3850w="></latexit>

�⇤4K

✓
✏µ⌫⇢�Fµ⌫⇢�

⇤2

◆

Get arbitrary potential for the axion (the 
fundamental scale need not be tied to its decay 

constant)



AN AXION THAT IS NOT AN AXION



SLIDING NATURALNESS
[RTD, Teresi] ‘21

<latexit sha1_base64="1CTkTRPuBhVpL+E6mbgMbTQldmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiIB4rmLbQhrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044uZ35nSeqNIvlo8kSGgg8kixiBBsr+XeDfiIG1Zpbd+dAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCHCvDCKfTSj/VNMFkgke0Z6nEguognx87RWdWGaIoVrakQXP190SOhdaZCG2nwGasl72Z+J/XS010HeRMJqmhkiwWRSlHJkazz9GQKUoMzyzBRDF7KyJjrDAxNp+KDcFbfnmVtC/q3mW98dCoNW+KOMpwAqdwDh5cQRPuoQU+EGDwDK/w5kjnxXl3PhatJaeYOYY/cD5/AJ7ljpM=</latexit>

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

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

Break scale invariance  
but not shift symmetry

<latexit sha1_base64="R9Ao5X6Jy3HYMn41ae+7N7ezQqs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiFy9CBdMW2lA22027dHcTdjdCCP0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7czv/NElWaxfDRZQgOBR5JFjGBjJf9+0E/EoFpz6+4caJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGNlGOF0WumnmiaYTPCI9iyVWFAd5PNjp+jMKkMUxcqWNGiu/p7IsdA6E6HtFNiM9bI3E//zeqmJroOcySQ1VJLFoijlyMRo9jkaMkWJ4ZklmChmb0VkjBUmxuZTsSF4yy+vkvZF3busNx4ateZNEUcZTuAUzsGDK2jCHbTABwIMnuEV3hzpvDjvzseiteQUM8fwB87nD6mdjpo=</latexit>

M±
Breaks scale invariance  

and shift symmetry

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

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

Classically scale invariant 
(or supersymmetric)

<latexit sha1_base64="tqjVZC6nIEwyx+9bpcXSPozryhY="></latexit>

V�± = �0
±S

2
±�

2
± + �±�

4
± .



AN AXION THAT IS AN AXION

<latexit sha1_base64="Hy17JMO5nx1neSDlrdbBJZ+CiMM=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsgqsyU4q6LLpx4aKCfUBnGDKZTBuaeZBkhDJ046+4caGIWz/DnX9j2o6grQcCJ+ecS3KPn3ImlWV9GaWV1bX1jfJmZWt7Z3fP3D/oyCQThLZJwhPR87GknMW0rZjitJcKiiOf064/up763QcqJEviezVOqRvhQcxCRrDSkmceObc6HGDPRs5ggH5udc+sWjVrBrRM7IJUoUDLMz+dICFZRGNFOJayb1upcnMsFCOcTipOJmmKyQgPaF/TGEdUuvlsgQk61UqAwkToEys0U39P5DiSchz5OhlhNZSL3lT8z+tnKrx0cxanmaIxmT8UZhypBE3bQAETlCg+1gQTwfRfERligYnSnVV0CfbiysukU6/Z57XGXaPavCrqKMMxnMAZ2HABTbiBFrSBwASe4AVejUfj2Xgz3ufRklHMHMIfGB/f9yiVXw==</latexit>

⇤1 � ⇤2
<latexit sha1_base64="u1u0scD9pWJwVm/+s4VvzsbyJA0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2A9oQ9hsN+nSzW7Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tMEdohkkvVD7GmnAnaMcxw2k8VxUnIaS+c3M393hNVmknxaKYp9RMcCxYxgo2VBlHgoWEcoyhoBNWaW3cXQOvEK0gNCrSD6tdwJEmWUGEIx1oPPDc1fo6VYYTTWWWYaZpiMsExHVgqcEK1ny9OnqELq4xQJJUtYdBC/T2R40TraRLazgSbsV715uJ/3iAz0Y2fM5FmhgqyXBRlHBmJ5v+jEVOUGD61BBPF7K2IjLHCxNiUKjYEb/XlddJt1L2revOhWWvdFnGU4QzO4RI8uIYW3EMbOkBAwjO8wptjnBfn3flYtpacYuYU/sD5/AHFzJBI</latexit>

f1 � f2

<latexit sha1_base64="RmsSV7UaySZ6es/oAiZixTgi4m8="></latexit>

V� = ⇤4
1 cos

✓
�

f1

◆
+ ⇤4

2 cos

✓
�

f2
+ ✓2

◆



AN AXION THAT IS AN AXION

<latexit sha1_base64="Hy17JMO5nx1neSDlrdbBJZ+CiMM=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsgqsyU4q6LLpx4aKCfUBnGDKZTBuaeZBkhDJ046+4caGIWz/DnX9j2o6grQcCJ+ecS3KPn3ImlWV9GaWV1bX1jfJmZWt7Z3fP3D/oyCQThLZJwhPR87GknMW0rZjitJcKiiOf064/up763QcqJEviezVOqRvhQcxCRrDSkmceObc6HGDPRs5ggH5udc+sWjVrBrRM7IJUoUDLMz+dICFZRGNFOJayb1upcnMsFCOcTipOJmmKyQgPaF/TGEdUuvlsgQk61UqAwkToEys0U39P5DiSchz5OhlhNZSL3lT8z+tnKrx0cxanmaIxmT8UZhypBE3bQAETlCg+1gQTwfRfERligYnSnVV0CfbiysukU6/Z57XGXaPavCrqKMMxnMAZ2HABTbiBFrSBwASe4AVejUfj2Xgz3ufRklHMHMIfGB/f9yiVXw==</latexit>

⇤1 � ⇤2
<latexit sha1_base64="u1u0scD9pWJwVm/+s4VvzsbyJA0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2A9oQ9hsN+nSzW7Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tMEdohkkvVD7GmnAnaMcxw2k8VxUnIaS+c3M393hNVmknxaKYp9RMcCxYxgo2VBlHgoWEcoyhoBNWaW3cXQOvEK0gNCrSD6tdwJEmWUGEIx1oPPDc1fo6VYYTTWWWYaZpiMsExHVgqcEK1ny9OnqELq4xQJJUtYdBC/T2R40TraRLazgSbsV715uJ/3iAz0Y2fM5FmhgqyXBRlHBmJ5v+jEVOUGD61BBPF7K2IjLHCxNiUKjYEb/XlddJt1L2revOhWWvdFnGU4QzO4RI8uIYW3EMbOkBAwjO8wptjnBfn3flYtpacYuYU/sD5/AHFzJBI</latexit>

f1 � f2

<latexit sha1_base64="RmsSV7UaySZ6es/oAiZixTgi4m8="></latexit>

V� = ⇤4
1 cos

✓
�

f1

◆
+ ⇤4

2 cos

✓
�

f2
+ ✓2

◆



1. Strong assumption on the landscape 

2. UV completion [work in progress] 

CONCLUSION



Caveats on eternal inflation, dS and AdS 
vacua:

[Dvali ’21],[Dvali, Gomez ’13-’14],
[Dvali, Gomez, Zell ’17], [Dvali ‘20]

[Ooguri, Vafa ’06], [Garg, Krishnan ’18],
[Obied, Ooguri, Spodyneiko, Vafa ’18], 

[Ooguri, Palti, Shiu, Vafa ’18], …

1. Not that many e-folds needed to populate a 
landscape 

2. Multi-field inflation [1905.07495], [1906.05772] 
3. Not every landscape is a multiverse

Is there a landscape?


