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New approaches to Naturalness



Naturalness at a crisis point

All traditional solutions are “fine tuned” at this point
SUSY, Little Higgs, Composite Higgs, Twin Higgs …

Must rethink Naturalness

Null experiments when expecting a 
discovery are the most “interesting”



Naturalness

Unless the theory is fine tuned, there must 
be new physics (particles) at the scale
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Naturalness

Much of what is said about Naturalness is wrong

m2
H

⇠ y2
t
⇤2
NP

<latexit sha1_base64="KB6C1jEoNwQKiagrZQtkNuokkEA=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuimy5EKtgHtGmYTCbt0JkkzEyEELp046+4caGIWz/BnX/jpM1CWw8MHM65hzv3eDGjUlnWt1FaWV1b3yhvVra2d3b3zP2DjowSgUkbRywSPQ9JwmhI2ooqRnqxIIh7jHS9yXXudx+IkDQK71UaE4ejUUgDipHSkmsec7c5rMOBpBymrsrpjU77yM1uW9Nh3TWrVs2aAS4TuyBVUKDlml8DP8IJJ6HCDEnZt61YORkSimJGppVBIkmM8ASNSF/TEHEinWx2yBSeasWHQST0CxWcqb8TGeJSptzTkxypsVz0cvE/r5+o4NLJaBgnioR4vihIGFQRzFuBPhUEK5ZqgrCg+q8Qj5FAWOnuKroEe/HkZdKp12yrZt+dVxtXRR1lcAROwBmwwQVogCZogTbA4BE8g1fwZjwZL8a78TEfLRlF5hD8gfH5A8NUmIg=</latexit><latexit sha1_base64="KB6C1jEoNwQKiagrZQtkNuokkEA=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuimy5EKtgHtGmYTCbt0JkkzEyEELp046+4caGIWz/BnX/jpM1CWw8MHM65hzv3eDGjUlnWt1FaWV1b3yhvVra2d3b3zP2DjowSgUkbRywSPQ9JwmhI2ooqRnqxIIh7jHS9yXXudx+IkDQK71UaE4ejUUgDipHSkmsec7c5rMOBpBymrsrpjU77yM1uW9Nh3TWrVs2aAS4TuyBVUKDlml8DP8IJJ6HCDEnZt61YORkSimJGppVBIkmM8ASNSF/TEHEinWx2yBSeasWHQST0CxWcqb8TGeJSptzTkxypsVz0cvE/r5+o4NLJaBgnioR4vihIGFQRzFuBPhUEK5ZqgrCg+q8Qj5FAWOnuKroEe/HkZdKp12yrZt+dVxtXRR1lcAROwBmwwQVogCZogTbA4BE8g1fwZjwZL8a78TEfLRlF5hD8gfH5A8NUmIg=</latexit><latexit sha1_base64="KB6C1jEoNwQKiagrZQtkNuokkEA=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuimy5EKtgHtGmYTCbt0JkkzEyEELp046+4caGIWz/BnX/jpM1CWw8MHM65hzv3eDGjUlnWt1FaWV1b3yhvVra2d3b3zP2DjowSgUkbRywSPQ9JwmhI2ooqRnqxIIh7jHS9yXXudx+IkDQK71UaE4ejUUgDipHSkmsec7c5rMOBpBymrsrpjU77yM1uW9Nh3TWrVs2aAS4TuyBVUKDlml8DP8IJJ6HCDEnZt61YORkSimJGppVBIkmM8ASNSF/TEHEinWx2yBSeasWHQST0CxWcqb8TGeJSptzTkxypsVz0cvE/r5+o4NLJaBgnioR4vihIGFQRzFuBPhUEK5ZqgrCg+q8Qj5FAWOnuKroEe/HkZdKp12yrZt+dVxtXRR1lcAROwBmwwQVogCZogTbA4BE8g1fwZjwZL8a78TEfLRlF5hD8gfH5A8NUmIg=</latexit><latexit sha1_base64="KB6C1jEoNwQKiagrZQtkNuokkEA=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuimy5EKtgHtGmYTCbt0JkkzEyEELp046+4caGIWz/BnX/jpM1CWw8MHM65hzv3eDGjUlnWt1FaWV1b3yhvVra2d3b3zP2DjowSgUkbRywSPQ9JwmhI2ooqRnqxIIh7jHS9yXXudx+IkDQK71UaE4ejUUgDipHSkmsec7c5rMOBpBymrsrpjU77yM1uW9Nh3TWrVs2aAS4TuyBVUKDlml8DP8IJJ6HCDEnZt61YORkSimJGppVBIkmM8ASNSF/TEHEinWx2yBSeasWHQST0CxWcqb8TGeJSptzTkxypsVz0cvE/r5+o4NLJaBgnioR4vihIGFQRzFuBPhUEK5ZqgrCg+q8Qj5FAWOnuKroEe/HkZdKp12yrZt+dVxtXRR1lcAROwBmwwQVogCZogTbA4BE8g1fwZjwZL8a78TEfLRlF5hD8gfH5A8NUmIg=</latexit>

m2
H

⇠ �⇤2
NP

<latexit sha1_base64="2aR12OYL+b3iUguayA/fsuFN+hM=">AAACCnicbVDNS8MwHE3n15xfVY9eokPwNNoh6HHoZQeRCe4D1q6kabqFJW1JUmGUnb34r3jxoIhX/wJv/jdmXQ+6+SDk8d7vkfyenzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyDgVmLRxzGLR85EkjEakrahipJcIgrjPSNcfX8/87gMRksbRvZokxOVoGNGQYqS05JnH3GsO6tCRlEOH6VyAoHOT315225oO6p5ZtWpWDrhM7IJUQYGWZ345QYxTTiKFGZKyb1uJcjMkFMWMTCtOKkmC8BgNSV/TCHEi3SxfZQpPtRLAMBb6RArm6u9EhriUE+7rSY7USC56M/E/r5+q8NLNaJSkikR4/lCYMqhiOOsFBlQQrNhEE4QF1X+FeIQEwkq3V9El2IsrL5NOvWZbNfvuvNq4KuoogyNwAs6ADS5AAzRBC7QBBo/gGbyCN+PJeDHejY/5aMkoMofgD4zPH3snmX0=</latexit><latexit sha1_base64="2aR12OYL+b3iUguayA/fsuFN+hM=">AAACCnicbVDNS8MwHE3n15xfVY9eokPwNNoh6HHoZQeRCe4D1q6kabqFJW1JUmGUnb34r3jxoIhX/wJv/jdmXQ+6+SDk8d7vkfyenzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyDgVmLRxzGLR85EkjEakrahipJcIgrjPSNcfX8/87gMRksbRvZokxOVoGNGQYqS05JnH3GsO6tCRlEOH6VyAoHOT315225oO6p5ZtWpWDrhM7IJUQYGWZ345QYxTTiKFGZKyb1uJcjMkFMWMTCtOKkmC8BgNSV/TCHEi3SxfZQpPtRLAMBb6RArm6u9EhriUE+7rSY7USC56M/E/r5+q8NLNaJSkikR4/lCYMqhiOOsFBlQQrNhEE4QF1X+FeIQEwkq3V9El2IsrL5NOvWZbNfvuvNq4KuoogyNwAs6ADS5AAzRBC7QBBo/gGbyCN+PJeDHejY/5aMkoMofgD4zPH3snmX0=</latexit><latexit sha1_base64="2aR12OYL+b3iUguayA/fsuFN+hM=">AAACCnicbVDNS8MwHE3n15xfVY9eokPwNNoh6HHoZQeRCe4D1q6kabqFJW1JUmGUnb34r3jxoIhX/wJv/jdmXQ+6+SDk8d7vkfyenzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyDgVmLRxzGLR85EkjEakrahipJcIgrjPSNcfX8/87gMRksbRvZokxOVoGNGQYqS05JnH3GsO6tCRlEOH6VyAoHOT315225oO6p5ZtWpWDrhM7IJUQYGWZ345QYxTTiKFGZKyb1uJcjMkFMWMTCtOKkmC8BgNSV/TCHEi3SxfZQpPtRLAMBb6RArm6u9EhriUE+7rSY7USC56M/E/r5+q8NLNaJSkikR4/lCYMqhiOOsFBlQQrNhEE4QF1X+FeIQEwkq3V9El2IsrL5NOvWZbNfvuvNq4KuoogyNwAs6ADS5AAzRBC7QBBo/gGbyCN+PJeDHejY/5aMkoMofgD4zPH3snmX0=</latexit><latexit sha1_base64="2aR12OYL+b3iUguayA/fsuFN+hM=">AAACCnicbVDNS8MwHE3n15xfVY9eokPwNNoh6HHoZQeRCe4D1q6kabqFJW1JUmGUnb34r3jxoIhX/wJv/jdmXQ+6+SDk8d7vkfyenzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyDgVmLRxzGLR85EkjEakrahipJcIgrjPSNcfX8/87gMRksbRvZokxOVoGNGQYqS05JnH3GsO6tCRlEOH6VyAoHOT315225oO6p5ZtWpWDrhM7IJUQYGWZ345QYxTTiKFGZKyb1uJcjMkFMWMTCtOKkmC8BgNSV/TCHEi3SxfZQpPtRLAMBb6RArm6u9EhriUE+7rSY7USC56M/E/r5+q8NLNaJSkikR4/lCYMqhiOOsFBlQQrNhEE4QF1X+FeIQEwkq3V9El2IsrL5NOvWZbNfvuvNq4KuoogyNwAs6ADS5AAzRBC7QBBo/gGbyCN+PJeDHejY/5aMkoMofgD4zPH3snmX0=</latexit>



Parable of the confused physicist
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<latexit sha1_base64="VpQ63zzBk7z759ScR51iCMKHAfA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmCoBuh6MZlBfuAJi2T6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc30z99gORi sbiXk8SEnA0FDSiGGkj9e2jFryCfiQRztw883LIex70kxHteX276tScGeAycQtSBQUaffvLH8Q45URozJBSXddJdJAhqSlmJK/4qSIJwmM0JF1DBeJEBdnshxyeGmUAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vG6qo8sgoyJJNRF4vihKGdQxnAYCB1QSrNnEEIQlNbdCPEImEG1iq5gQ3MWXl0nLq7lOzb07r9avizjK4BicgDPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPH52Qljc=</latexit><latexit sha1_base64="VpQ63zzBk7z759ScR51iCMKHAfA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmCoBuh6MZlBfuAJi2T6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc30z99gORi sbiXk8SEnA0FDSiGGkj9e2jFryCfiQRztw883LIex70kxHteX276tScGeAycQtSBQUaffvLH8Q45URozJBSXddJdJAhqSlmJK/4qSIJwmM0JF1DBeJEBdnshxyeGmUAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vG6qo8sgoyJJNRF4vihKGdQxnAYCB1QSrNnEEIQlNbdCPEImEG1iq5gQ3MWXl0nLq7lOzb07r9avizjK4BicgDPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPH52Qljc=</latexit><latexit sha1_base64="VpQ63zzBk7z759ScR51iCMKHAfA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmCoBuh6MZlBfuAJi2T6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc30z99gORi sbiXk8SEnA0FDSiGGkj9e2jFryCfiQRztw883LIex70kxHteX276tScGeAycQtSBQUaffvLH8Q45URozJBSXddJdJAhqSlmJK/4qSIJwmM0JF1DBeJEBdnshxyeGmUAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vG6qo8sgoyJJNRF4vihKGdQxnAYCB1QSrNnEEIQlNbdCPEImEG1iq5gQ3MWXl0nLq7lOzb07r9avizjK4BicgDPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPH52Qljc=</latexit><latexit sha1_base64="VpQ63zzBk7z759ScR51iCMKHAfA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmCoBuh6MZlBfuAJi2T6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc30z99gORi sbiXk8SEnA0FDSiGGkj9e2jFryCfiQRztw883LIex70kxHteX276tScGeAycQtSBQUaffvLH8Q45URozJBSXddJdJAhqSlmJK/4qSIJwmM0JF1DBeJEBdnshxyeGmUAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vG6qo8sgoyJJNRF4vihKGdQxnAYCB1QSrNnEEIQlNbdCPEImEG1iq5gQ3MWXl0nLq7lOzb07r9avizjK4BicgDPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPH52Qljc=</latexit>

One day, a physicist happens across a good ol’ 
fashioned scalar field theory



Parable of the confused physicist

Upon finding the scalar, this physicist proceeds to 
smash them together

�(�� ! ��) ! �2
<latexit sha1_base64="BqMCghU7sH58MHHRSoCjcCjXjdg=">AAACJnicbVDLSgMxFM34rPU16tJNsAh1U2aKoBuh6MZlBfuAzljupGknNDMZkoxSSr/Gjb/ixkVFxJ2fYtoOYlsPJBzOuZd77wkSzpR2nC9rZXVtfWMzt5Xf3tnd27cPDutKpJLQGhFcyGYAinIW05pmmtNmIilEAaeNoH8z8RuPVCom4ns9SKgfQS9mXUZAG6ltX3mK9SIoeknI8OyTrBdqkFI84V/1bF7mZkAHHsptu+CUnCnwMnEzUkAZqm177HUESSMaa8JBqZbrJNofgtSMcDrKe6miCZA+9GjL0Bgiqvzh9MwRPjVKB3eFNC/WeKr+7RhCpNQgCkxlBDpUi95E/M9rpbp76Q9ZnKSaxmQ2qJtyrAWeZIY7TFKi+cAQIJKZXTEJQQLRJtm8CcFdPHmZ1Msl1ym5d+eFynUWRw4doxNURC66QBV0i6qohgh6Rq9ojN6tF+vN+rA+Z6UrVtZzhOZgff8AMVGllg==</latexit><latexit sha1_base64="BqMCghU7sH58MHHRSoCjcCjXjdg=">AAACJnicbVDLSgMxFM34rPU16tJNsAh1U2aKoBuh6MZlBfuAzljupGknNDMZkoxSSr/Gjb/ixkVFxJ2fYtoOYlsPJBzOuZd77wkSzpR2nC9rZXVtfWMzt5Xf3tnd27cPDutKpJLQGhFcyGYAinIW05pmmtNmIilEAaeNoH8z8RuPVCom4ns9SKgfQS9mXUZAG6ltX3mK9SIoeknI8OyTrBdqkFI84V/1bF7mZkAHHsptu+CUnCnwMnEzUkAZqm177HUESSMaa8JBqZbrJNofgtSMcDrKe6miCZA+9GjL0Bgiqvzh9MwRPjVKB3eFNC/WeKr+7RhCpNQgCkxlBDpUi95E/M9rpbp76Q9ZnKSaxmQ2qJtyrAWeZIY7TFKi+cAQIJKZXTEJQQLRJtm8CcFdPHmZ1Msl1ym5d+eFynUWRw4doxNURC66QBV0i6qohgh6Rq9ojN6tF+vN+rA+Z6UrVtZzhOZgff8AMVGllg==</latexit><latexit sha1_base64="BqMCghU7sH58MHHRSoCjcCjXjdg=">AAACJnicbVDLSgMxFM34rPU16tJNsAh1U2aKoBuh6MZlBfuAzljupGknNDMZkoxSSr/Gjb/ixkVFxJ2fYtoOYlsPJBzOuZd77wkSzpR2nC9rZXVtfWMzt5Xf3tnd27cPDutKpJLQGhFcyGYAinIW05pmmtNmIilEAaeNoH8z8RuPVCom4ns9SKgfQS9mXUZAG6ltX3mK9SIoeknI8OyTrBdqkFI84V/1bF7mZkAHHsptu+CUnCnwMnEzUkAZqm177HUESSMaa8JBqZbrJNofgtSMcDrKe6miCZA+9GjL0Bgiqvzh9MwRPjVKB3eFNC/WeKr+7RhCpNQgCkxlBDpUi95E/M9rpbp76Q9ZnKSaxmQ2qJtyrAWeZIY7TFKi+cAQIJKZXTEJQQLRJtm8CcFdPHmZ1Msl1ym5d+eFynUWRw4doxNURC66QBV0i6qohgh6Rq9ojN6tF+vN+rA+Z6UrVtZzhOZgff8AMVGllg==</latexit><latexit sha1_base64="BqMCghU7sH58MHHRSoCjcCjXjdg=">AAACJnicbVDLSgMxFM34rPU16tJNsAh1U2aKoBuh6MZlBfuAzljupGknNDMZkoxSSr/Gjb/ixkVFxJ2fYtoOYlsPJBzOuZd77wkSzpR2nC9rZXVtfWMzt5Xf3tnd27cPDutKpJLQGhFcyGYAinIW05pmmtNmIilEAaeNoH8z8RuPVCom4ns9SKgfQS9mXUZAG6ltX3mK9SIoeknI8OyTrBdqkFI84V/1bF7mZkAHHsptu+CUnCnwMnEzUkAZqm177HUESSMaa8JBqZbrJNofgtSMcDrKe6miCZA+9GjL0Bgiqvzh9MwRPjVKB3eFNC/WeKr+7RhCpNQgCkxlBDpUi95E/M9rpbp76Q9ZnKSaxmQ2qJtyrAWeZIY7TFKi+cAQIJKZXTEJQQLRJtm8CcFdPHmZ1Msl1ym5d+eFynUWRw4doxNURC66QBV0i6qohgh6Rq9ojN6tF+vN+rA+Z6UrVtZzhOZgff8AMVGllg==</latexit>



Parable of the confused physicist

After discovering the quartic interaction, they 
proceed to decide that there is a Hierarchy problem

m2 & �⇤2
NP

16⇡2
<latexit sha1_base64="sPG+KKX2xQF+wDONjOdpBchwGjA=">AAACHHicbVBNS8MwGE7n15xfVY9egkPwNNop6nHoxYPIBPcBa1fSLN3CkrYkqTBKf4gX/4oXD4p48SD4b8y6HnTzhZCH54PkffyYUaks69soLS2vrK6V1ysbm1vbO+buXltGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/vhqqnceiJA0Cu/VJCYuR8OQBhQjpSnPPOH9OnSGSjs4dAKBcOowHR8g6Nzkt5feNrN+PUvtM+jEVCPPrFo1Kx+4COwCVEExTc/8dAYRTjgJFWZIyp5txcpNkVAUM5JVnESSGOExGpKehiHiRLppvlwGjzQzgEEk9AkVzNnfiRRxKSfc106O1EjOa1PyP62XqODCTWkYJ4qEePZQkDCoIjhtCg6oIFixiQYIC6r/CvEI6YaU7rOiS7DnV14E7XrNtmr23Wm1cVnUUQYH4BAcAxucgwa4Bk3QAhg8gmfwCt6MJ+PFeDc+ZtaSUWT2wZ8xvn4AmW+hCw==</latexit><latexit sha1_base64="sPG+KKX2xQF+wDONjOdpBchwGjA=">AAACHHicbVBNS8MwGE7n15xfVY9egkPwNNop6nHoxYPIBPcBa1fSLN3CkrYkqTBKf4gX/4oXD4p48SD4b8y6HnTzhZCH54PkffyYUaks69soLS2vrK6V1ysbm1vbO+buXltGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/vhqqnceiJA0Cu/VJCYuR8OQBhQjpSnPPOH9OnSGSjs4dAKBcOowHR8g6Nzkt5feNrN+PUvtM+jEVCPPrFo1Kx+4COwCVEExTc/8dAYRTjgJFWZIyp5txcpNkVAUM5JVnESSGOExGpKehiHiRLppvlwGjzQzgEEk9AkVzNnfiRRxKSfc106O1EjOa1PyP62XqODCTWkYJ4qEePZQkDCoIjhtCg6oIFixiQYIC6r/CvEI6YaU7rOiS7DnV14E7XrNtmr23Wm1cVnUUQYH4BAcAxucgwa4Bk3QAhg8gmfwCt6MJ+PFeDc+ZtaSUWT2wZ8xvn4AmW+hCw==</latexit><latexit sha1_base64="sPG+KKX2xQF+wDONjOdpBchwGjA=">AAACHHicbVBNS8MwGE7n15xfVY9egkPwNNop6nHoxYPIBPcBa1fSLN3CkrYkqTBKf4gX/4oXD4p48SD4b8y6HnTzhZCH54PkffyYUaks69soLS2vrK6V1ysbm1vbO+buXltGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/vhqqnceiJA0Cu/VJCYuR8OQBhQjpSnPPOH9OnSGSjs4dAKBcOowHR8g6Nzkt5feNrN+PUvtM+jEVCPPrFo1Kx+4COwCVEExTc/8dAYRTjgJFWZIyp5txcpNkVAUM5JVnESSGOExGpKehiHiRLppvlwGjzQzgEEk9AkVzNnfiRRxKSfc106O1EjOa1PyP62XqODCTWkYJ4qEePZQkDCoIjhtCg6oIFixiQYIC6r/CvEI6YaU7rOiS7DnV14E7XrNtmr23Wm1cVnUUQYH4BAcAxucgwa4Bk3QAhg8gmfwCt6MJ+PFeDc+ZtaSUWT2wZ8xvn4AmW+hCw==</latexit><latexit sha1_base64="sPG+KKX2xQF+wDONjOdpBchwGjA=">AAACHHicbVBNS8MwGE7n15xfVY9egkPwNNop6nHoxYPIBPcBa1fSLN3CkrYkqTBKf4gX/4oXD4p48SD4b8y6HnTzhZCH54PkffyYUaks69soLS2vrK6V1ysbm1vbO+buXltGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/vhqqnceiJA0Cu/VJCYuR8OQBhQjpSnPPOH9OnSGSjs4dAKBcOowHR8g6Nzkt5feNrN+PUvtM+jEVCPPrFo1Kx+4COwCVEExTc/8dAYRTjgJFWZIyp5txcpNkVAUM5JVnESSGOExGpKehiHiRLppvlwGjzQzgEEk9AkVzNnfiRRxKSfc106O1EjOa1PyP62XqODCTWkYJ4qEePZQkDCoIjhtCg6oIFixiQYIC6r/CvEI6YaU7rOiS7DnV14E7XrNtmr23Wm1cVnUUQYH4BAcAxucgwa4Bk3QAhg8gmfwCt6MJ+PFeDc+ZtaSUWT2wZ8xvn4AmW+hCw==</latexit>



Parable of the confused physicist

Motivated by this, they go to higher energies and 
look for new particles

E & 100⇤NP
<latexit sha1_base64="c/1U64CgYf/9iuuAYEvNmpn1cYw=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KhkRdFkUwYVIBfuAzjBk0kwbmmSGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmHm3uilDNtEPp2FhaXlldWS2vl9Y3NrW13Z7epk0wR2iAJT1Q7wppyJmnDMMNpO1UUi4jTVjS4HPutB6o0S+S9GaY0ELgnWcwINlYK3f0r6PeM9QX0EIL+jY12cZjf1kehW0FVNAGcJ15BKqBAPXS//G5CMkGlIRxr3fFQaoIcK8MIp6Oyn2maYjLAPdqxVGJBdZBPbhjBI6t0YZwo+6SBE/V3IsdC66GI7KTApq9nvbH4n9fJTHwe5EymmaGSTBfFGYcmgeNCYJcpSgwfWoKJYvavkPSxwsTY2sq2BG/25HnSPKl6qOrdnVZqF0UdJXAADsEx8MAZqIFrUAcNQMAjeAav4M15cl6cd+djOrrgFJk98AfO5w/pRZZp</latexit><latexit sha1_base64="c/1U64CgYf/9iuuAYEvNmpn1cYw=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KhkRdFkUwYVIBfuAzjBk0kwbmmSGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmHm3uilDNtEPp2FhaXlldWS2vl9Y3NrW13Z7epk0wR2iAJT1Q7wppyJmnDMMNpO1UUi4jTVjS4HPutB6o0S+S9GaY0ELgnWcwINlYK3f0r6PeM9QX0EIL+jY12cZjf1kehW0FVNAGcJ15BKqBAPXS//G5CMkGlIRxr3fFQaoIcK8MIp6Oyn2maYjLAPdqxVGJBdZBPbhjBI6t0YZwo+6SBE/V3IsdC66GI7KTApq9nvbH4n9fJTHwe5EymmaGSTBfFGYcmgeNCYJcpSgwfWoKJYvavkPSxwsTY2sq2BG/25HnSPKl6qOrdnVZqF0UdJXAADsEx8MAZqIFrUAcNQMAjeAav4M15cl6cd+djOrrgFJk98AfO5w/pRZZp</latexit><latexit sha1_base64="c/1U64CgYf/9iuuAYEvNmpn1cYw=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KhkRdFkUwYVIBfuAzjBk0kwbmmSGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmHm3uilDNtEPp2FhaXlldWS2vl9Y3NrW13Z7epk0wR2iAJT1Q7wppyJmnDMMNpO1UUi4jTVjS4HPutB6o0S+S9GaY0ELgnWcwINlYK3f0r6PeM9QX0EIL+jY12cZjf1kehW0FVNAGcJ15BKqBAPXS//G5CMkGlIRxr3fFQaoIcK8MIp6Oyn2maYjLAPdqxVGJBdZBPbhjBI6t0YZwo+6SBE/V3IsdC66GI7KTApq9nvbH4n9fJTHwe5EymmaGSTBfFGYcmgeNCYJcpSgwfWoKJYvavkPSxwsTY2sq2BG/25HnSPKl6qOrdnVZqF0UdJXAADsEx8MAZqIFrUAcNQMAjeAav4M15cl6cd+djOrrgFJk98AfO5w/pRZZp</latexit><latexit sha1_base64="c/1U64CgYf/9iuuAYEvNmpn1cYw=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KhkRdFkUwYVIBfuAzjBk0kwbmmSGJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmHm3uilDNtEPp2FhaXlldWS2vl9Y3NrW13Z7epk0wR2iAJT1Q7wppyJmnDMMNpO1UUi4jTVjS4HPutB6o0S+S9GaY0ELgnWcwINlYK3f0r6PeM9QX0EIL+jY12cZjf1kehW0FVNAGcJ15BKqBAPXS//G5CMkGlIRxr3fFQaoIcK8MIp6Oyn2maYjLAPdqxVGJBdZBPbhjBI6t0YZwo+6SBE/V3IsdC66GI7KTApq9nvbH4n9fJTHwe5EymmaGSTBfFGYcmgeNCYJcpSgwfWoKJYvavkPSxwsTY2sq2BG/25HnSPKl6qOrdnVZqF0UdJXAADsEx8MAZqIFrUAcNQMAjeAav4M15cl6cd+djOrrgFJk98AfO5w/pRZZp</latexit>

Upon going to higher energies, they find nothing!

They conclude that the universe is fine-tuned as 
any SUSY/Little phi/Composite phi UV 

completion is fined tuned



Parable of the confused physicist

A little disappointed, the physicists decides to do 
precision phi physics

V =
�6

⇤2
<latexit sha1_base64="H9oBqbWc2UuUtyVfb2hiacbId6I=">AAACBXicbVC7SgNBFL0bXzG+Vi21GAyCVdgNojZC0MbCIoJ5QHYTZiezyZDZBzOzQli2sfFXbCwUsfUf7PwbJ8kWmnhg4HDOPdy5x4s5k8qyvo3C0vLK6lpxvbSxubW9Y+7uNWWUCEIbJOKRaHtYUs5C2lBMcdqOBcWBx2nLG11P/NYDFZJF4b0ax9QN8CBkPiNYaalnHjbRJXJ8gUnqxEPWPctS51bH+7hbzXpm2apYU6BFYuekDDnqPfPL6UckCWioCMdSdmwrVm6KhWKE06zkJJLGmIzwgHY0DXFApZtOr8jQsVb6yI+EfqFCU/V3IsWBlOPA05MBVkM5703E/7xOovwLN2VhnCgaktkiP+FIRWhSCeozQYniY00wEUz/FZEh1pUoXVxJl2DPn7xImtWKbVXsu9Ny7SqvowgHcAQnYMM51OAG6tAAAo/wDK/wZjwZL8a78TEbLRh5Zh/+wPj8AWGAl9w=</latexit><latexit sha1_base64="H9oBqbWc2UuUtyVfb2hiacbId6I=">AAACBXicbVC7SgNBFL0bXzG+Vi21GAyCVdgNojZC0MbCIoJ5QHYTZiezyZDZBzOzQli2sfFXbCwUsfUf7PwbJ8kWmnhg4HDOPdy5x4s5k8qyvo3C0vLK6lpxvbSxubW9Y+7uNWWUCEIbJOKRaHtYUs5C2lBMcdqOBcWBx2nLG11P/NYDFZJF4b0ax9QN8CBkPiNYaalnHjbRJXJ8gUnqxEPWPctS51bH+7hbzXpm2apYU6BFYuekDDnqPfPL6UckCWioCMdSdmwrVm6KhWKE06zkJJLGmIzwgHY0DXFApZtOr8jQsVb6yI+EfqFCU/V3IsWBlOPA05MBVkM5703E/7xOovwLN2VhnCgaktkiP+FIRWhSCeozQYniY00wEUz/FZEh1pUoXVxJl2DPn7xImtWKbVXsu9Ny7SqvowgHcAQnYMM51OAG6tAAAo/wDK/wZjwZL8a78TEbLRh5Zh/+wPj8AWGAl9w=</latexit><latexit sha1_base64="H9oBqbWc2UuUtyVfb2hiacbId6I=">AAACBXicbVC7SgNBFL0bXzG+Vi21GAyCVdgNojZC0MbCIoJ5QHYTZiezyZDZBzOzQli2sfFXbCwUsfUf7PwbJ8kWmnhg4HDOPdy5x4s5k8qyvo3C0vLK6lpxvbSxubW9Y+7uNWWUCEIbJOKRaHtYUs5C2lBMcdqOBcWBx2nLG11P/NYDFZJF4b0ax9QN8CBkPiNYaalnHjbRJXJ8gUnqxEPWPctS51bH+7hbzXpm2apYU6BFYuekDDnqPfPL6UckCWioCMdSdmwrVm6KhWKE06zkJJLGmIzwgHY0DXFApZtOr8jQsVb6yI+EfqFCU/V3IsWBlOPA05MBVkM5703E/7xOovwLN2VhnCgaktkiP+FIRWhSCeozQYniY00wEUz/FZEh1pUoXVxJl2DPn7xImtWKbVXsu9Ny7SqvowgHcAQnYMM51OAG6tAAAo/wDK/wZjwZL8a78TEbLRh5Zh/+wPj8AWGAl9w=</latexit><latexit sha1_base64="H9oBqbWc2UuUtyVfb2hiacbId6I=">AAACBXicbVC7SgNBFL0bXzG+Vi21GAyCVdgNojZC0MbCIoJ5QHYTZiezyZDZBzOzQli2sfFXbCwUsfUf7PwbJ8kWmnhg4HDOPdy5x4s5k8qyvo3C0vLK6lpxvbSxubW9Y+7uNWWUCEIbJOKRaHtYUs5C2lBMcdqOBcWBx2nLG11P/NYDFZJF4b0ax9QN8CBkPiNYaalnHjbRJXJ8gUnqxEPWPctS51bH+7hbzXpm2apYU6BFYuekDDnqPfPL6UckCWioCMdSdmwrVm6KhWKE06zkJJLGmIzwgHY0DXFApZtOr8jQsVb6yI+EfqFCU/V3IsWBlOPA05MBVkM5703E/7xOovwLN2VhnCgaktkiP+FIRWhSCeozQYniY00wEUz/FZEh1pUoXVxJl2DPn7xImtWKbVXsu9Ny7SqvowgHcAQnYMM51OAG6tAAAo/wDK/wZjwZL8a78TEbLRh5Zh/+wPj8AWGAl9w=</latexit>

⇤ � ⇤NP
<latexit sha1_base64="g7XhYZI19NF3PBTblsYF0AqF+Lw=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunEhUsE+oAlhMpmkQycPZiZCCXXjr7hxoYhb/8Kdf+O0zUJbDwwczjmXO/f4GWdSWda3UVlaXlldq67XNja3tnfM3b2OTHNBaJukPBU9H0vKWULbiilOe5mgOPY57frDq4nffaBCsjS5V6OMujGOEhYygpWWPPPAudHhACMnilDJveK2NfbMutWwpkCLxC5JHUq0PPPLCVKSxzRRhGMp+7aVKbfAQjHC6bjm5JJmmAxxRPuaJjim0i2mF4zRsVYCFKZCv0Shqfp7osCxlKPY18kYq4Gc9ybif14/V+GFW7AkyxVNyGxRmHOkUjSpAwVMUKL4SBNMBNN/RWSABSZKl1bTJdjzJy+SzmnDthr23Vm9eVnWUYVDOIITsOEcmnANLWgDgUd4hld4M56MF+Pd+JhFK0Y5sw9/YHz+AGTEljQ=</latexit><latexit sha1_base64="g7XhYZI19NF3PBTblsYF0AqF+Lw=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunEhUsE+oAlhMpmkQycPZiZCCXXjr7hxoYhb/8Kdf+O0zUJbDwwczjmXO/f4GWdSWda3UVlaXlldq67XNja3tnfM3b2OTHNBaJukPBU9H0vKWULbiilOe5mgOPY57frDq4nffaBCsjS5V6OMujGOEhYygpWWPPPAudHhACMnilDJveK2NfbMutWwpkCLxC5JHUq0PPPLCVKSxzRRhGMp+7aVKbfAQjHC6bjm5JJmmAxxRPuaJjim0i2mF4zRsVYCFKZCv0Shqfp7osCxlKPY18kYq4Gc9ybif14/V+GFW7AkyxVNyGxRmHOkUjSpAwVMUKL4SBNMBNN/RWSABSZKl1bTJdjzJy+SzmnDthr23Vm9eVnWUYVDOIITsOEcmnANLWgDgUd4hld4M56MF+Pd+JhFK0Y5sw9/YHz+AGTEljQ=</latexit><latexit sha1_base64="g7XhYZI19NF3PBTblsYF0AqF+Lw=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunEhUsE+oAlhMpmkQycPZiZCCXXjr7hxoYhb/8Kdf+O0zUJbDwwczjmXO/f4GWdSWda3UVlaXlldq67XNja3tnfM3b2OTHNBaJukPBU9H0vKWULbiilOe5mgOPY57frDq4nffaBCsjS5V6OMujGOEhYygpWWPPPAudHhACMnilDJveK2NfbMutWwpkCLxC5JHUq0PPPLCVKSxzRRhGMp+7aVKbfAQjHC6bjm5JJmmAxxRPuaJjim0i2mF4zRsVYCFKZCv0Shqfp7osCxlKPY18kYq4Gc9ybif14/V+GFW7AkyxVNyGxRmHOkUjSpAwVMUKL4SBNMBNN/RWSABSZKl1bTJdjzJy+SzmnDthr23Vm9eVnWUYVDOIITsOEcmnANLWgDgUd4hld4M56MF+Pd+JhFK0Y5sw9/YHz+AGTEljQ=</latexit><latexit sha1_base64="g7XhYZI19NF3PBTblsYF0AqF+Lw=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunEhUsE+oAlhMpmkQycPZiZCCXXjr7hxoYhb/8Kdf+O0zUJbDwwczjmXO/f4GWdSWda3UVlaXlldq67XNja3tnfM3b2OTHNBaJukPBU9H0vKWULbiilOe5mgOPY57frDq4nffaBCsjS5V6OMujGOEhYygpWWPPPAudHhACMnilDJveK2NfbMutWwpkCLxC5JHUq0PPPLCVKSxzRRhGMp+7aVKbfAQjHC6bjm5JJmmAxxRPuaJjim0i2mF4zRsVYCFKZCv0Shqfp7osCxlKPY18kYq4Gc9ybif14/V+GFW7AkyxVNyGxRmHOkUjSpAwVMUKL4SBNMBNN/RWSABSZKl1bTJdjzJy+SzmnDthr23Vm9eVnWUYVDOIITsOEcmnANLWgDgUd4hld4M56MF+Pd+JhFK0Y5sw9/YHz+AGTEljQ=</latexit>

Hard work is rewarded with the discovery of a 
dimension six operator



Parable of the confused physicist

Being a bit of a numerologist, the physicist 
finds a pattern

V =
1

2
m2�2 +

�

4!
�4 +

1

6!

�2�6

m2
+ · · · ⇡ ✏4 cos
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<latexit sha1_base64="Qg1VasCL2moi7UouqD7uQtU44ks="></latexit><latexit sha1_base64="Qg1VasCL2moi7UouqD7uQtU44ks="></latexit><latexit sha1_base64="Qg1VasCL2moi7UouqD7uQtU44ks="></latexit><latexit sha1_base64="Qg1VasCL2moi7UouqD7uQtU44ks="></latexit>

Scalar looks like it is periodic!



Parable of the confused physicist

Mass term is technically natural

V = ✏4 cos
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<latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit>

As epsilon goes to zero, there is an enhanced 
symmetry



Parable of the confused physicist

There is no Hierarchy Problem!

Changes the mass term while 
leaving the quartic alone : Breaks 

the shift symmetry

Symmetry determines the mass 
entirely once the quartic is 

measured



Parable of the confused physicist

Discovery of higher dimensional operator solved all 
questions modulo two

Are there new particles at epsilon?

V = ✏4 cos
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<latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit>

⇤NP ⇠ F � ✏
<latexit sha1_base64="4Aj38ITkRYXebZezPbspPNs4fUs=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFkUxIVIBfuAJpTJ5KYdOpmEmYlQQrdu/BU3LhRx6x+482+ctFlo64GBwznncuceP+FMadv+tkpLyyura+X1ysbm1vZOdXevreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzRZe53HkAqFot7PU7Ai8hAsJBRoo3Ur2L3xoQD0s9umxPsKhbhK+wOBtiFRDGeR2p23Z4CLxKnIDVUoNmvfrlBTNMIhKacKNVz7ER7GZGaUQ6TipsqSAgdkQH0DBUkAuVl00sm+MgoAQ5jaZ7QeKr+nshIpNQ48k0yInqo5r1c/M/rpTo89zImklSDoLNFYcqxjnFeCw6YBKr52BBCJTN/xXRIJKHalFcxJTjzJy+S9kndsevO3WmtcVHUUUYH6BAdIwedoQa6Rk3UQhQ9omf0it6sJ+vFerc+ZtGSVczsoz+wPn8AQEaZaA==</latexit><latexit sha1_base64="4Aj38ITkRYXebZezPbspPNs4fUs=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFkUxIVIBfuAJpTJ5KYdOpmEmYlQQrdu/BU3LhRx6x+482+ctFlo64GBwznncuceP+FMadv+tkpLyyura+X1ysbm1vZOdXevreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzRZe53HkAqFot7PU7Ai8hAsJBRoo3Ur2L3xoQD0s9umxPsKhbhK+wOBtiFRDGeR2p23Z4CLxKnIDVUoNmvfrlBTNMIhKacKNVz7ER7GZGaUQ6TipsqSAgdkQH0DBUkAuVl00sm+MgoAQ5jaZ7QeKr+nshIpNQ48k0yInqo5r1c/M/rpTo89zImklSDoLNFYcqxjnFeCw6YBKr52BBCJTN/xXRIJKHalFcxJTjzJy+S9kndsevO3WmtcVHUUUYH6BAdIwedoQa6Rk3UQhQ9omf0it6sJ+vFerc+ZtGSVczsoz+wPn8AQEaZaA==</latexit><latexit sha1_base64="4Aj38ITkRYXebZezPbspPNs4fUs=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFkUxIVIBfuAJpTJ5KYdOpmEmYlQQrdu/BU3LhRx6x+482+ctFlo64GBwznncuceP+FMadv+tkpLyyura+X1ysbm1vZOdXevreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzRZe53HkAqFot7PU7Ai8hAsJBRoo3Ur2L3xoQD0s9umxPsKhbhK+wOBtiFRDGeR2p23Z4CLxKnIDVUoNmvfrlBTNMIhKacKNVz7ER7GZGaUQ6TipsqSAgdkQH0DBUkAuVl00sm+MgoAQ5jaZ7QeKr+nshIpNQ48k0yInqo5r1c/M/rpTo89zImklSDoLNFYcqxjnFeCw6YBKr52BBCJTN/xXRIJKHalFcxJTjzJy+S9kndsevO3WmtcVHUUUYH6BAdIwedoQa6Rk3UQhQ9omf0it6sJ+vFerc+ZtGSVczsoz+wPn8AQEaZaA==</latexit><latexit sha1_base64="4Aj38ITkRYXebZezPbspPNs4fUs=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFkUxIVIBfuAJpTJ5KYdOpmEmYlQQrdu/BU3LhRx6x+482+ctFlo64GBwznncuceP+FMadv+tkpLyyura+X1ysbm1vZOdXevreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzRZe53HkAqFot7PU7Ai8hAsJBRoo3Ur2L3xoQD0s9umxPsKhbhK+wOBtiFRDGeR2p23Z4CLxKnIDVUoNmvfrlBTNMIhKacKNVz7ER7GZGaUQ6TipsqSAgdkQH0DBUkAuVl00sm+MgoAQ5jaZ7QeKr+nshIpNQ48k0yInqo5r1c/M/rpTo89zImklSDoLNFYcqxjnFeCw6YBKr52BBCJTN/xXRIJKHalFcxJTjzJy+S9kndsevO3WmtcVHUUUYH6BAdIwedoQa6Rk3UQhQ9omf0it6sJ+vFerc+ZtGSVczsoz+wPn8AQEaZaA==</latexit>

Are there new particles at F?



Parable of the confused physicist

Discovery of higher dimensional operator solved all 
questions modulo two

Are there new particles at epsilon?

V = ✏4 cos
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<latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit>

⇤NP ⇠ F � ✏
<latexit sha1_base64="4Aj38ITkRYXebZezPbspPNs4fUs=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFkUxIVIBfuAJpTJ5KYdOpmEmYlQQrdu/BU3LhRx6x+482+ctFlo64GBwznncuceP+FMadv+tkpLyyura+X1ysbm1vZOdXevreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzRZe53HkAqFot7PU7Ai8hAsJBRoo3Ur2L3xoQD0s9umxPsKhbhK+wOBtiFRDGeR2p23Z4CLxKnIDVUoNmvfrlBTNMIhKacKNVz7ER7GZGaUQ6TipsqSAgdkQH0DBUkAuVl00sm+MgoAQ5jaZ7QeKr+nshIpNQ48k0yInqo5r1c/M/rpTo89zImklSDoLNFYcqxjnFeCw6YBKr52BBCJTN/xXRIJKHalFcxJTjzJy+S9kndsevO3WmtcVHUUUYH6BAdIwedoQa6Rk3UQhQ9omf0it6sJ+vFerc+ZtGSVczsoz+wPn8AQEaZaA==</latexit><latexit sha1_base64="4Aj38ITkRYXebZezPbspPNs4fUs=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFkUxIVIBfuAJpTJ5KYdOpmEmYlQQrdu/BU3LhRx6x+482+ctFlo64GBwznncuceP+FMadv+tkpLyyura+X1ysbm1vZOdXevreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzRZe53HkAqFot7PU7Ai8hAsJBRoo3Ur2L3xoQD0s9umxPsKhbhK+wOBtiFRDGeR2p23Z4CLxKnIDVUoNmvfrlBTNMIhKacKNVz7ER7GZGaUQ6TipsqSAgdkQH0DBUkAuVl00sm+MgoAQ5jaZ7QeKr+nshIpNQ48k0yInqo5r1c/M/rpTo89zImklSDoLNFYcqxjnFeCw6YBKr52BBCJTN/xXRIJKHalFcxJTjzJy+S9kndsevO3WmtcVHUUUYH6BAdIwedoQa6Rk3UQhQ9omf0it6sJ+vFerc+ZtGSVczsoz+wPn8AQEaZaA==</latexit><latexit sha1_base64="4Aj38ITkRYXebZezPbspPNs4fUs=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFkUxIVIBfuAJpTJ5KYdOpmEmYlQQrdu/BU3LhRx6x+482+ctFlo64GBwznncuceP+FMadv+tkpLyyura+X1ysbm1vZOdXevreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzRZe53HkAqFot7PU7Ai8hAsJBRoo3Ur2L3xoQD0s9umxPsKhbhK+wOBtiFRDGeR2p23Z4CLxKnIDVUoNmvfrlBTNMIhKacKNVz7ER7GZGaUQ6TipsqSAgdkQH0DBUkAuVl00sm+MgoAQ5jaZ7QeKr+nshIpNQ48k0yInqo5r1c/M/rpTo89zImklSDoLNFYcqxjnFeCw6YBKr52BBCJTN/xXRIJKHalFcxJTjzJy+S9kndsevO3WmtcVHUUUYH6BAdIwedoQa6Rk3UQhQ9omf0it6sJ+vFerc+ZtGSVczsoz+wPn8AQEaZaA==</latexit><latexit sha1_base64="4Aj38ITkRYXebZezPbspPNs4fUs=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFkUxIVIBfuAJpTJ5KYdOpmEmYlQQrdu/BU3LhRx6x+482+ctFlo64GBwznncuceP+FMadv+tkpLyyura+X1ysbm1vZOdXevreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzRZe53HkAqFot7PU7Ai8hAsJBRoo3Ur2L3xoQD0s9umxPsKhbhK+wOBtiFRDGeR2p23Z4CLxKnIDVUoNmvfrlBTNMIhKacKNVz7ER7GZGaUQ6TipsqSAgdkQH0DBUkAuVl00sm+MgoAQ5jaZ7QeKr+nshIpNQ48k0yInqo5r1c/M/rpTo89zImklSDoLNFYcqxjnFeCw6YBKr52BBCJTN/xXRIJKHalFcxJTjzJy+S9kndsevO3WmtcVHUUUYH6BAdIwedoQa6Rk3UQhQ9omf0it6sJ+vFerc+ZtGSVczsoz+wPn8AQEaZaA==</latexit>

Are there new particles at F?

No!  An example from axion literature proves it



Parable of the confused physicist

n > 15 for quality reasons (Zn symmetry)

Radial mode can be integrated out at a scale f

L = f2|�|2 � |�|4 + �n

Mn�4
pl

<latexit sha1_base64="1ddw1nCl/bhJzz6f03UwBACbm2E="></latexit><latexit sha1_base64="1ddw1nCl/bhJzz6f03UwBACbm2E="></latexit><latexit sha1_base64="1ddw1nCl/bhJzz6f03UwBACbm2E="></latexit><latexit sha1_base64="1ddw1nCl/bhJzz6f03UwBACbm2E="></latexit>

Pseudo-Goldstone boson matches onto our 
previous theory



Parable of the confused physicist

⇤NP ⇠ F =
f

n
<latexit sha1_base64="j27Fxs6kCsmmD3rmpCI4gbYVoYQ=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZE0I1QFMSFSAX7gM4wZNJMG5pkhiQjlGHWbvwVNy4UcesXuPNvTNtZaOuBwOGcc7m5J0wYVdpxvq3SwuLS8kp5tbK2vrG5ZW/vtFScSkyaOGax7IRIEUYFaWqqGekkkiAeMtIOh5djv/1ApKKxuNejhPgc9QWNKEbaSIG9792YcA8F2W0jh56iHF7Bc+hFEuEsyjORB3bVqTkTwHniFqQKCjQC+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSUHB4apQejWJonNJyovycyxJUa8dAkOdIDNeuNxf+8bqqjMz+jIkk1EXi6KEoZ1DEc9wJ7VBKs2cgQhCU1f4V4gEwL2rRXMSW4syfPk9ZxzXVq7t1JtX5R1FEGe+AAHAEXnII6uAYN0AQYPIJn8ArerCfrxXq3PqbRklXM7II/sD5/ACarmes=</latexit><latexit sha1_base64="j27Fxs6kCsmmD3rmpCI4gbYVoYQ=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZE0I1QFMSFSAX7gM4wZNJMG5pkhiQjlGHWbvwVNy4UcesXuPNvTNtZaOuBwOGcc7m5J0wYVdpxvq3SwuLS8kp5tbK2vrG5ZW/vtFScSkyaOGax7IRIEUYFaWqqGekkkiAeMtIOh5djv/1ApKKxuNejhPgc9QWNKEbaSIG9792YcA8F2W0jh56iHF7Bc+hFEuEsyjORB3bVqTkTwHniFqQKCjQC+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSUHB4apQejWJonNJyovycyxJUa8dAkOdIDNeuNxf+8bqqjMz+jIkk1EXi6KEoZ1DEc9wJ7VBKs2cgQhCU1f4V4gEwL2rRXMSW4syfPk9ZxzXVq7t1JtX5R1FEGe+AAHAEXnII6uAYN0AQYPIJn8ArerCfrxXq3PqbRklXM7II/sD5/ACarmes=</latexit><latexit sha1_base64="j27Fxs6kCsmmD3rmpCI4gbYVoYQ=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZE0I1QFMSFSAX7gM4wZNJMG5pkhiQjlGHWbvwVNy4UcesXuPNvTNtZaOuBwOGcc7m5J0wYVdpxvq3SwuLS8kp5tbK2vrG5ZW/vtFScSkyaOGax7IRIEUYFaWqqGekkkiAeMtIOh5djv/1ApKKxuNejhPgc9QWNKEbaSIG9792YcA8F2W0jh56iHF7Bc+hFEuEsyjORB3bVqTkTwHniFqQKCjQC+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSUHB4apQejWJonNJyovycyxJUa8dAkOdIDNeuNxf+8bqqjMz+jIkk1EXi6KEoZ1DEc9wJ7VBKs2cgQhCU1f4V4gEwL2rRXMSW4syfPk9ZxzXVq7t1JtX5R1FEGe+AAHAEXnII6uAYN0AQYPIJn8ArerCfrxXq3PqbRklXM7II/sD5/ACarmes=</latexit><latexit sha1_base64="j27Fxs6kCsmmD3rmpCI4gbYVoYQ=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZE0I1QFMSFSAX7gM4wZNJMG5pkhiQjlGHWbvwVNy4UcesXuPNvTNtZaOuBwOGcc7m5J0wYVdpxvq3SwuLS8kp5tbK2vrG5ZW/vtFScSkyaOGax7IRIEUYFaWqqGekkkiAeMtIOh5djv/1ApKKxuNejhPgc9QWNKEbaSIG9792YcA8F2W0jh56iHF7Bc+hFEuEsyjORB3bVqTkTwHniFqQKCjQC+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSUHB4apQejWJonNJyovycyxJUa8dAkOdIDNeuNxf+8bqqjMz+jIkk1EXi6KEoZ1DEc9wJ7VBKs2cgQhCU1f4V4gEwL2rRXMSW4syfPk9ZxzXVq7t1JtX5R1FEGe+AAHAEXnII6uAYN0AQYPIJn8ArerCfrxXq3PqbRklXM7II/sD5/ACarmes=</latexit>

V =
fn

Mn�4
pl

cos
n�

f
= ✏4 cos

�

F
<latexit sha1_base64="7TM1tXZ8i8PAmo/vif6B89f0fUw="></latexit><latexit sha1_base64="7TM1tXZ8i8PAmo/vif6B89f0fUw="></latexit><latexit sha1_base64="7TM1tXZ8i8PAmo/vif6B89f0fUw="></latexit><latexit sha1_base64="7TM1tXZ8i8PAmo/vif6B89f0fUw="></latexit>

No new particles at epsilon!

No new particles at F!

Parametric separation of scales possible at large n



Parable of the confused physicist

V =
fn

Mn�4
pl

cos
n�

f
= ✏4 cos

�

F
<latexit sha1_base64="7TM1tXZ8i8PAmo/vif6B89f0fUw="></latexit><latexit sha1_base64="7TM1tXZ8i8PAmo/vif6B89f0fUw="></latexit><latexit sha1_base64="7TM1tXZ8i8PAmo/vif6B89f0fUw="></latexit><latexit sha1_base64="7TM1tXZ8i8PAmo/vif6B89f0fUw="></latexit>

There is a UV completion that does not have new 
particles at the scale required by Naturalness!

UV completion is not fine-tuned



Parable of the confused physicist

V = ✏4 cos

✓
�

F

◆

<latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit><latexit sha1_base64="7J9+O82e5FhDPF/LONSnuklR4yc=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4E9CKIgnhUMA/IxjA76U0GZ2eWmV4hLPkPL/6KFw+KeBI8+DdOYg6aWNBQVHXT3RWlUlj0/S9vZnZufmFxabmwsrq2vlHc3KpZnRkOVa6lNo2IWZBCQRUFSmikBlgSSahHd+dDv34PxgqtbrCfQithXSViwRk6qV08rNETGkJqhdTqtkJDri0NJcS4T8PYMJ6HaU8M8osBDY3o9pAetIslv+yPQKdJMCYlMsZVu/gRdjTPElDIJbO2GfgptnJmUHAJg0KYWUgZv2NdaDqqWAK2lY9+G9A9p3RorI0rhXSk/p7IWWJtP4lcZ8KwZye9ofif18wwPm7lQqUZguI/i+JMUtR0GBTtCAMcZd8Rxo1wt1LeYy4RdHEWXAjB5MvTpHZYDvxycF0pnZ6N41giO2SX7JOAHJFTckmuSJVw8kCeyAt59R69Z+/Ne/9pnfHGM9vkD7zPbxjjoDg=</latexit>

The confused physicist is confused no longer

There is no Hierarchy problem because the mass 
term is connected to the quartic coupling by an 

exact discrete shift symmetry

In order to sniff this symmetry out, they needed to 
do precision physics to find a higher dimensional 

operator



Moral

Symmetries that solve the Naturalness problem 
cannot always be seen at the renormalizable level

The way forward may not be the search for new 
particles but instead the search for new interactions

Naturalness as current phrased is incorrect when 
applied to self quartics



Naturalness?

Naturalness as current phrased is incorrect when 
applied to self quartics

Is Naturalness when applied to Yukawa couplings 
correct?

Is Naturalness when applied to gauge couplings 
correct?



Parable of the confused physicist (II)

V =
1

2
m2�2

<latexit sha1_base64="VpQ63zzBk7z759ScR51iCMKHAfA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmCoBuh6MZlBfuAJi2T6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc30z99gORisbiXk8SEnA0FDSiGGkj9e2jFryCfiQRztw883LIex70kxHteX276tScGeAycQtSBQUaffvLH8Q45URozJBSXddJdJAhqSlmJK/4qSIJwmM0JF1DBeJEBdnshxyeGmUAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vG6qo8sgoyJJNRF4vihKGdQxnAYCB1QSrNnEEIQlNbdCPEImEG1iq5gQ3MWXl0nLq7lOzb07r9avizjK4BicgDPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPH52Qljc=</latexit><latexit sha1_base64="VpQ63zzBk7z759ScR51iCMKHAfA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmCoBuh6MZlBfuAJi2T6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc30z99gORisbiXk8SEnA0FDSiGGkj9e2jFryCfiQRztw883LIex70kxHteX276tScGeAycQtSBQUaffvLH8Q45URozJBSXddJdJAhqSlmJK/4qSIJwmM0JF1DBeJEBdnshxyeGmUAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vG6qo8sgoyJJNRF4vihKGdQxnAYCB1QSrNnEEIQlNbdCPEImEG1iq5gQ3MWXl0nLq7lOzb07r9avizjK4BicgDPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPH52Qljc=</latexit><latexit sha1_base64="VpQ63zzBk7z759ScR51iCMKHAfA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmCoBuh6MZlBfuAJi2T6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc30z99gORisbiXk8SEnA0FDSiGGkj9e2jFryCfiQRztw883LIex70kxHteX276tScGeAycQtSBQUaffvLH8Q45URozJBSXddJdJAhqSlmJK/4qSIJwmM0JF1DBeJEBdnshxyeGmUAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vG6qo8sgoyJJNRF4vihKGdQxnAYCB1QSrNnEEIQlNbdCPEImEG1iq5gQ3MWXl0nLq7lOzb07r9avizjK4BicgDPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPH52Qljc=</latexit><latexit sha1_base64="VpQ63zzBk7z759ScR51iCMKHAfA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmCoBuh6MZlBfuAJi2T6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc30z99gORisbiXk8SEnA0FDSiGGkj9e2jFryCfiQRztw883LIex70kxHteX276tScGeAycQtSBQUaffvLH8Q45URozJBSXddJdJAhqSlmJK/4qSIJwmM0JF1DBeJEBdnshxyeGmUAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vG6qo8sgoyJJNRF4vihKGdQxnAYCB1QSrNnEEIQlNbdCPEImEG1iq5gQ3MWXl0nLq7lOzb07r9avizjK4BicgDPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPH52Qljc=</latexit>

Consider another timeline for the confused physicist



Upon colliding the phi, they discover a fermion 
Yukawa coupled to the scalar!

Fermion is barely detectable at the collider

L � �1

2
m2�2 + y�  c +M  c

<latexit sha1_base64="KCsGcLIAeZ0NX9H19a/36ELhGQA="></latexit><latexit sha1_base64="KCsGcLIAeZ0NX9H19a/36ELhGQA="></latexit><latexit sha1_base64="KCsGcLIAeZ0NX9H19a/36ELhGQA="></latexit><latexit sha1_base64="KCsGcLIAeZ0NX9H19a/36ELhGQA="></latexit>

Parable of the confused physicist (II)
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Parable of the confused physicist (II)

As before, the confused physicist applies Naturalness 

m2 & y2
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Parable of the confused physicist (II)
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Take some parameters to guide the eye



L � �1

2
m2�2 + y�  c +M  c

<latexit sha1_base64="KCsGcLIAeZ0NX9H19a/36ELhGQA="></latexit><latexit sha1_base64="KCsGcLIAeZ0NX9H19a/36ELhGQA="></latexit><latexit sha1_base64="KCsGcLIAeZ0NX9H19a/36ELhGQA="></latexit><latexit sha1_base64="KCsGcLIAeZ0NX9H19a/36ELhGQA="></latexit>

Parable of the confused physicist (II)

The physicist is immediately confused
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Naturalness predicts that new particles should already 
have been seen!



Parable of the confused physicist (II)

Even the finite contribution leaves the 
physicist confused
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Cancelation of the finite piece requires

�m2 ⇠ y2M2 + y02M 02 ⌧ m2
<latexit sha1_base64="Pkx6Pb7/ikFCCOL18wtVpf5TlUA=">AAACFHicbZBNSwMxEIaz9avWr1WPXoJFFApltwh6LOrBi1DBfkB3Ldk024Ym2SXJCkvpj/DiX/HiQRGvHrz5b8y2e9DWgQkP78wwmTeIGVXacb6twtLyyupacb20sbm1vWPv7rVUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkaXWb39QKSikbjTaUx8jgaChhQjbaSeXfGuCNMI8vsa9BTlMDVwY7IC0+MMs8djLGvo2WWn6kwDLoKbQxnk0ejZX14/wgknQmOGlOq6Tqz9MZKaYkYmJS9RJEZ4hAaka1AgTpQ/nh41gUdG6cMwkiaFhlP198QYcaVSHphOjvRQzdcy8b9aN9HhuT+mIk40EXi2KEwY1BHMHIJ9KgnWLDWAsKTmrxAPkURYGx9LxgR3/uRFaNWqrlN1b0/L9YvcjiI4AIfgBLjgDNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWPnMPvgT1ucPw5ua1w==</latexit><latexit sha1_base64="Pkx6Pb7/ikFCCOL18wtVpf5TlUA=">AAACFHicbZBNSwMxEIaz9avWr1WPXoJFFApltwh6LOrBi1DBfkB3Ldk024Ym2SXJCkvpj/DiX/HiQRGvHrz5b8y2e9DWgQkP78wwmTeIGVXacb6twtLyyupacb20sbm1vWPv7rVUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkaXWb39QKSikbjTaUx8jgaChhQjbaSeXfGuCNMI8vsa9BTlMDVwY7IC0+MMs8djLGvo2WWn6kwDLoKbQxnk0ejZX14/wgknQmOGlOq6Tqz9MZKaYkYmJS9RJEZ4hAaka1AgTpQ/nh41gUdG6cMwkiaFhlP198QYcaVSHphOjvRQzdcy8b9aN9HhuT+mIk40EXi2KEwY1BHMHIJ9KgnWLDWAsKTmrxAPkURYGx9LxgR3/uRFaNWqrlN1b0/L9YvcjiI4AIfgBLjgDNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWPnMPvgT1ucPw5ua1w==</latexit><latexit sha1_base64="Pkx6Pb7/ikFCCOL18wtVpf5TlUA=">AAACFHicbZBNSwMxEIaz9avWr1WPXoJFFApltwh6LOrBi1DBfkB3Ldk024Ym2SXJCkvpj/DiX/HiQRGvHrz5b8y2e9DWgQkP78wwmTeIGVXacb6twtLyyupacb20sbm1vWPv7rVUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkaXWb39QKSikbjTaUx8jgaChhQjbaSeXfGuCNMI8vsa9BTlMDVwY7IC0+MMs8djLGvo2WWn6kwDLoKbQxnk0ejZX14/wgknQmOGlOq6Tqz9MZKaYkYmJS9RJEZ4hAaka1AgTpQ/nh41gUdG6cMwkiaFhlP198QYcaVSHphOjvRQzdcy8b9aN9HhuT+mIk40EXi2KEwY1BHMHIJ9KgnWLDWAsKTmrxAPkURYGx9LxgR3/uRFaNWqrlN1b0/L9YvcjiI4AIfgBLjgDNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWPnMPvgT1ucPw5ua1w==</latexit><latexit sha1_base64="Pkx6Pb7/ikFCCOL18wtVpf5TlUA=">AAACFHicbZBNSwMxEIaz9avWr1WPXoJFFApltwh6LOrBi1DBfkB3Ldk024Ym2SXJCkvpj/DiX/HiQRGvHrz5b8y2e9DWgQkP78wwmTeIGVXacb6twtLyyupacb20sbm1vWPv7rVUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkaXWb39QKSikbjTaUx8jgaChhQjbaSeXfGuCNMI8vsa9BTlMDVwY7IC0+MMs8djLGvo2WWn6kwDLoKbQxnk0ejZX14/wgknQmOGlOq6Tqz9MZKaYkYmJS9RJEZ4hAaka1AgTpQ/nh41gUdG6cMwkiaFhlP198QYcaVSHphOjvRQzdcy8b9aN9HhuT+mIk40EXi2KEwY1BHMHIJ9KgnWLDWAsKTmrxAPkURYGx9LxgR3/uRFaNWqrlN1b0/L9YvcjiI4AIfgBLjgDNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWPnMPvgT1ucPw5ua1w==</latexit>



Parable of the confused physicist (II)

After some algebra

With confidence the collider people say 
that there is no particle that close in mass 

to the newly discovered fermion

SUSY partner is not there

M 0 . M +
m2

M
<latexit sha1_base64="EWv5f+ET9tUIBbxmLkJ9nFRwkJU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosoCCUpgi6LbtwUKtgHNLFMppN26MwkzEyEErJy46+4caGIW7/BnX/jtM1CWw9cOJxzL/feE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo+uJ334gUtFI3OlxTHyOBoKGFCNtpJ59WD+BHiNKKcphHZ5BL5QIp/y+mqX1rGeXnYozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMZCUvUSRGeIQGpGuoQJwoP52+kcFjo/RhGElTQsOp+nsiRVypMQ9MJ0d6qOa9ifif1010eOmnVMSJJgLPFoUJgzqCk0xgn0qCNRsbgrCk5laIh8jkoE1yJROCO//yImlVK65TcW/Py7WrPI4iOABH4BS44ALUwA1ogCbA4BE8g1fwZj1ZL9a79TFrLVj5zD74A+vzB1kml8c=</latexit><latexit sha1_base64="EWv5f+ET9tUIBbxmLkJ9nFRwkJU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosoCCUpgi6LbtwUKtgHNLFMppN26MwkzEyEErJy46+4caGIW7/BnX/jtM1CWw9cOJxzL/feE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo+uJ334gUtFI3OlxTHyOBoKGFCNtpJ59WD+BHiNKKcphHZ5BL5QIp/y+mqX1rGeXnYozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMZCUvUSRGeIQGpGuoQJwoP52+kcFjo/RhGElTQsOp+nsiRVypMQ9MJ0d6qOa9ifif1010eOmnVMSJJgLPFoUJgzqCk0xgn0qCNRsbgrCk5laIh8jkoE1yJROCO//yImlVK65TcW/Py7WrPI4iOABH4BS44ALUwA1ogCbA4BE8g1fwZj1ZL9a79TFrLVj5zD74A+vzB1kml8c=</latexit><latexit sha1_base64="EWv5f+ET9tUIBbxmLkJ9nFRwkJU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosoCCUpgi6LbtwUKtgHNLFMppN26MwkzEyEErJy46+4caGIW7/BnX/jtM1CWw9cOJxzL/feE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo+uJ334gUtFI3OlxTHyOBoKGFCNtpJ59WD+BHiNKKcphHZ5BL5QIp/y+mqX1rGeXnYozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMZCUvUSRGeIQGpGuoQJwoP52+kcFjo/RhGElTQsOp+nsiRVypMQ9MJ0d6qOa9ifif1010eOmnVMSJJgLPFoUJgzqCk0xgn0qCNRsbgrCk5laIh8jkoE1yJROCO//yImlVK65TcW/Py7WrPI4iOABH4BS44ALUwA1ogCbA4BE8g1fwZj1ZL9a79TFrLVj5zD74A+vzB1kml8c=</latexit><latexit sha1_base64="EWv5f+ET9tUIBbxmLkJ9nFRwkJU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosoCCUpgi6LbtwUKtgHNLFMppN26MwkzEyEErJy46+4caGIW7/BnX/jtM1CWw9cOJxzL/feE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo+uJ334gUtFI3OlxTHyOBoKGFCNtpJ59WD+BHiNKKcphHZ5BL5QIp/y+mqX1rGeXnYozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMZCUvUSRGeIQGpGuoQJwoP52+kcFjo/RhGElTQsOp+nsiRVypMQ9MJ0d6qOa9ifif1010eOmnVMSJJgLPFoUJgzqCk0xgn0qCNRsbgrCk5laIh8jkoE1yJROCO//yImlVK65TcW/Py7WrPI4iOABH4BS44ALUwA1ogCbA4BE8g1fwZj1ZL9a79TFrLVj5zD74A+vzB1kml8c=</latexit>



Parable of the confused physicist (II)

You know how this goes, lets just jump to the UV 
completion

Discovers N~10 fermions all with large O(1) Yukawa 
couplings with phi



UV completion

...

 1

 2

 3

 N�1

ZN symmetry where N ~ 15

� ! ei2⇡/N�
<latexit sha1_base64="JZKe53RTO+RBzTkOAS2JOi8Dffk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZMi6LLoxpVUsA9oYplMJ+3QSSbM3Cgl9APc+CtuXCji1g9w5984abPQ1gMDh3PO5c49fiy4Btv+tgpLyyura8X10sbm1vZOeXevpWWiKGtSKaTq+EQzwSPWBA6CdWLFSOgL1vZHl5nfvmdKcxndwjhmXkgGEQ84JWCkXrniNoYcu4oPhkCUkg+Y3aUc17Ab85PrCc5sk7Kr9hR4kTg5qaAcjV75y+1LmoQsAiqI1l3HjsFLiQJOBZuU3ESzmNARGbCuoREJmfbS6TETfGSUPg6kMi8CPFV/T6Qk1Hoc+iYZEhjqeS8T//O6CQTnXsqjOAEW0dmiIBEYJM6awX2uGAUxNoRQxc1fMR0SRSiY/kqmBGf+5EXSqlUdu+rcnFbqF3kdRXSADtExctAZqqMr1EBNRNEjekav6M16sl6sd+tjFi1Y+cw++gPr8wcJI5pQ</latexit><latexit sha1_base64="JZKe53RTO+RBzTkOAS2JOi8Dffk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZMi6LLoxpVUsA9oYplMJ+3QSSbM3Cgl9APc+CtuXCji1g9w5984abPQ1gMDh3PO5c49fiy4Btv+tgpLyyura8X10sbm1vZOeXevpWWiKGtSKaTq+EQzwSPWBA6CdWLFSOgL1vZHl5nfvmdKcxndwjhmXkgGEQ84JWCkXrniNoYcu4oPhkCUkg+Y3aUc17Ab85PrCc5sk7Kr9hR4kTg5qaAcjV75y+1LmoQsAiqI1l3HjsFLiQJOBZuU3ESzmNARGbCuoREJmfbS6TETfGSUPg6kMi8CPFV/T6Qk1Hoc+iYZEhjqeS8T//O6CQTnXsqjOAEW0dmiIBEYJM6awX2uGAUxNoRQxc1fMR0SRSiY/kqmBGf+5EXSqlUdu+rcnFbqF3kdRXSADtExctAZqqMr1EBNRNEjekav6M16sl6sd+tjFi1Y+cw++gPr8wcJI5pQ</latexit><latexit sha1_base64="JZKe53RTO+RBzTkOAS2JOi8Dffk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZMi6LLoxpVUsA9oYplMJ+3QSSbM3Cgl9APc+CtuXCji1g9w5984abPQ1gMDh3PO5c49fiy4Btv+tgpLyyura8X10sbm1vZOeXevpWWiKGtSKaTq+EQzwSPWBA6CdWLFSOgL1vZHl5nfvmdKcxndwjhmXkgGEQ84JWCkXrniNoYcu4oPhkCUkg+Y3aUc17Ab85PrCc5sk7Kr9hR4kTg5qaAcjV75y+1LmoQsAiqI1l3HjsFLiQJOBZuU3ESzmNARGbCuoREJmfbS6TETfGSUPg6kMi8CPFV/T6Qk1Hoc+iYZEhjqeS8T//O6CQTnXsqjOAEW0dmiIBEYJM6awX2uGAUxNoRQxc1fMR0SRSiY/kqmBGf+5EXSqlUdu+rcnFbqF3kdRXSADtExctAZqqMr1EBNRNEjekav6M16sl6sd+tjFi1Y+cw++gPr8wcJI5pQ</latexit><latexit sha1_base64="JZKe53RTO+RBzTkOAS2JOi8Dffk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZMi6LLoxpVUsA9oYplMJ+3QSSbM3Cgl9APc+CtuXCji1g9w5984abPQ1gMDh3PO5c49fiy4Btv+tgpLyyura8X10sbm1vZOeXevpWWiKGtSKaTq+EQzwSPWBA6CdWLFSOgL1vZHl5nfvmdKcxndwjhmXkgGEQ84JWCkXrniNoYcu4oPhkCUkg+Y3aUc17Ab85PrCc5sk7Kr9hR4kTg5qaAcjV75y+1LmoQsAiqI1l3HjsFLiQJOBZuU3ESzmNARGbCuoREJmfbS6TETfGSUPg6kMi8CPFV/T6Qk1Hoc+iYZEhjqeS8T//O6CQTnXsqjOAEW0dmiIBEYJM6awX2uGAUxNoRQxc1fMR0SRSiY/kqmBGf+5EXSqlUdu+rcnFbqF3kdRXSADtExctAZqqMr1EBNRNEjekav6M16sl6sd+tjFi1Y+cw++gPr8wcJI5pQ</latexit>



Most general Lagrangian consistent with symmetry

Easier to look at after integrating out the radial mode

L =
X

j

⇣
m +Re(yr�e

i2⇡j/N ) + Im(yi�e
i2⇡j/N )

⌘
 j 

c
j

<latexit sha1_base64="obPFgS2lx39Npq7xtMClktuXeIs="></latexit><latexit sha1_base64="obPFgS2lx39Npq7xtMClktuXeIs="></latexit><latexit sha1_base64="obPFgS2lx39Npq7xtMClktuXeIs="></latexit><latexit sha1_base64="obPFgS2lx39Npq7xtMClktuXeIs="></latexit>

UV completion



L =
X

j

✓
m + ✏ sin

✓
�

f
+

2⇡j

N

◆◆
 j 

c
j

<latexit sha1_base64="70IhNGe+mqih8kuwITCTbJQ7+c4="></latexit><latexit sha1_base64="70IhNGe+mqih8kuwITCTbJQ7+c4="></latexit><latexit sha1_base64="70IhNGe+mqih8kuwITCTbJQ7+c4="></latexit><latexit sha1_base64="70IhNGe+mqih8kuwITCTbJQ7+c4="></latexit>

✏ ⇠ m 

5
<latexit sha1_base64="X2ELTmb53AAmhrZiUPEMY/3JdFw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiSi6LLoxmUFWwtNCJPppB06jzAzEUrIzo2/4saFIm79BXf+jdM2C209cOFwzr3ce0+cMqqN5307laXlldW16nptY3Nre8fd3etomSlM2lgyqbox0oRRQdqGGka6qSKIx4zcx6PriX//QJSmUtyZcUpCjgaCJhQjY6XIPQxIqimTAgaachgkCuGcR4EVi/y8iNy61/CmgIvEL0kdlGhF7lfQlzjjRBjMkNY930tNmCNlKGakqAWZJinCIzQgPUsF4kSH+fSPAh5bpQ8TqWwJA6fq74kcca3HPLadHJmhnvcm4n9eLzPJZZhTkWaGCDxblGQMGgknocA+VQQbNrYEYUXtrRAPkY3C2OhqNgR//uVF0jlt+F7Dvz2rN6/KOKrgAByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y14pQz++APnM8fZfeZow==</latexit><latexit sha1_base64="X2ELTmb53AAmhrZiUPEMY/3JdFw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiSi6LLoxmUFWwtNCJPppB06jzAzEUrIzo2/4saFIm79BXf+jdM2C209cOFwzr3ce0+cMqqN5307laXlldW16nptY3Nre8fd3etomSlM2lgyqbox0oRRQdqGGka6qSKIx4zcx6PriX//QJSmUtyZcUpCjgaCJhQjY6XIPQxIqimTAgaachgkCuGcR4EVi/y8iNy61/CmgIvEL0kdlGhF7lfQlzjjRBjMkNY930tNmCNlKGakqAWZJinCIzQgPUsF4kSH+fSPAh5bpQ8TqWwJA6fq74kcca3HPLadHJmhnvcm4n9eLzPJZZhTkWaGCDxblGQMGgknocA+VQQbNrYEYUXtrRAPkY3C2OhqNgR//uVF0jlt+F7Dvz2rN6/KOKrgAByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y14pQz++APnM8fZfeZow==</latexit><latexit sha1_base64="X2ELTmb53AAmhrZiUPEMY/3JdFw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiSi6LLoxmUFWwtNCJPppB06jzAzEUrIzo2/4saFIm79BXf+jdM2C209cOFwzr3ce0+cMqqN5307laXlldW16nptY3Nre8fd3etomSlM2lgyqbox0oRRQdqGGka6qSKIx4zcx6PriX//QJSmUtyZcUpCjgaCJhQjY6XIPQxIqimTAgaachgkCuGcR4EVi/y8iNy61/CmgIvEL0kdlGhF7lfQlzjjRBjMkNY930tNmCNlKGakqAWZJinCIzQgPUsF4kSH+fSPAh5bpQ8TqWwJA6fq74kcca3HPLadHJmhnvcm4n9eLzPJZZhTkWaGCDxblGQMGgknocA+VQQbNrYEYUXtrRAPkY3C2OhqNgR//uVF0jlt+F7Dvz2rN6/KOKrgAByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y14pQz++APnM8fZfeZow==</latexit><latexit sha1_base64="X2ELTmb53AAmhrZiUPEMY/3JdFw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiSi6LLoxmUFWwtNCJPppB06jzAzEUrIzo2/4saFIm79BXf+jdM2C209cOFwzr3ce0+cMqqN5307laXlldW16nptY3Nre8fd3etomSlM2lgyqbox0oRRQdqGGka6qSKIx4zcx6PriX//QJSmUtyZcUpCjgaCJhQjY6XIPQxIqimTAgaachgkCuGcR4EVi/y8iNy61/CmgIvEL0kdlGhF7lfQlzjjRBjMkNY930tNmCNlKGakqAWZJinCIzQgPUsF4kSH+fSPAh5bpQ8TqWwJA6fq74kcca3HPLadHJmhnvcm4n9eLzPJZZhTkWaGCDxblGQMGgknocA+VQQbNrYEYUXtrRAPkY3C2OhqNgR//uVF0jlt+F7Dvz2rN6/KOKrgAByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y14pQz++APnM8fZfeZow==</latexit>

This particular UV completion has a special property 
that result in the generated mass for phi to be 

exponentially small

UV completion



Due to ZN symmetry, potential for phi must be of the 
form

Spurion from which to build the potential is

✏ ei
�
f +✓

Clearly need N insertions to generate a mass term

V (�) =
X

k

dk�
kN =

X

k

cke
iNk�/f

<latexit sha1_base64="G43+pe6LulD+PJDCJUgkw54TjiQ=">AAACJnicbVDLSsNAFJ34rPUVdelmsAh1UxMRdFMounFVKtgHNGmYTCbN0MmDmYlQQr7Gjb/ixkVFxJ2f4rQNqK0XDhzOPYeZe9yEUSEN41NbWV1b39gsbZW3d3b39vWDw46IU45JG8cs5j0XCcJoRNqSSkZ6CScodBnpuqPb6b77SLigcfQgxwmxQzSMqE8xkkpy9HqnaiUBPYN1aIk0dEbQU7BaAR1kI9jMf3SsQAYZhU2oDCpz7ueOXjFqxmzgMjELUgHFtBx9YnkxTkMSScyQEH3TSKSdIS4pZiQvW6kgCcIjNCR9RSMUEmFnszNzeKoUD/oxV4gknKm/ExkKhRiHrnKGSAZicTcV/9v1U+lf2xmNklSSCM8f8lMGZQynnUGPcoIlGyuCMKfqrxAHiCMsVbNlVYK5ePIy6VzUTKNm3l9WGjdFHSVwDE5AFZjgCjTAHWiBNsDgCbyACXjTnrVX7V37mFtXtCJzBP6M9vUNR6SjNw==</latexit><latexit sha1_base64="G43+pe6LulD+PJDCJUgkw54TjiQ=">AAACJnicbVDLSsNAFJ34rPUVdelmsAh1UxMRdFMounFVKtgHNGmYTCbN0MmDmYlQQr7Gjb/ixkVFxJ2f4rQNqK0XDhzOPYeZe9yEUSEN41NbWV1b39gsbZW3d3b39vWDw46IU45JG8cs5j0XCcJoRNqSSkZ6CScodBnpuqPb6b77SLigcfQgxwmxQzSMqE8xkkpy9HqnaiUBPYN1aIk0dEbQU7BaAR1kI9jMf3SsQAYZhU2oDCpz7ueOXjFqxmzgMjELUgHFtBx9YnkxTkMSScyQEH3TSKSdIS4pZiQvW6kgCcIjNCR9RSMUEmFnszNzeKoUD/oxV4gknKm/ExkKhRiHrnKGSAZicTcV/9v1U+lf2xmNklSSCM8f8lMGZQynnUGPcoIlGyuCMKfqrxAHiCMsVbNlVYK5ePIy6VzUTKNm3l9WGjdFHSVwDE5AFZjgCjTAHWiBNsDgCbyACXjTnrVX7V37mFtXtCJzBP6M9vUNR6SjNw==</latexit><latexit sha1_base64="G43+pe6LulD+PJDCJUgkw54TjiQ=">AAACJnicbVDLSsNAFJ34rPUVdelmsAh1UxMRdFMounFVKtgHNGmYTCbN0MmDmYlQQr7Gjb/ixkVFxJ2f4rQNqK0XDhzOPYeZe9yEUSEN41NbWV1b39gsbZW3d3b39vWDw46IU45JG8cs5j0XCcJoRNqSSkZ6CScodBnpuqPb6b77SLigcfQgxwmxQzSMqE8xkkpy9HqnaiUBPYN1aIk0dEbQU7BaAR1kI9jMf3SsQAYZhU2oDCpz7ueOXjFqxmzgMjELUgHFtBx9YnkxTkMSScyQEH3TSKSdIS4pZiQvW6kgCcIjNCR9RSMUEmFnszNzeKoUD/oxV4gknKm/ExkKhRiHrnKGSAZicTcV/9v1U+lf2xmNklSSCM8f8lMGZQynnUGPcoIlGyuCMKfqrxAHiCMsVbNlVYK5ePIy6VzUTKNm3l9WGjdFHSVwDE5AFZjgCjTAHWiBNsDgCbyACXjTnrVX7V37mFtXtCJzBP6M9vUNR6SjNw==</latexit><latexit sha1_base64="G43+pe6LulD+PJDCJUgkw54TjiQ=">AAACJnicbVDLSsNAFJ34rPUVdelmsAh1UxMRdFMounFVKtgHNGmYTCbN0MmDmYlQQr7Gjb/ixkVFxJ2f4rQNqK0XDhzOPYeZe9yEUSEN41NbWV1b39gsbZW3d3b39vWDw46IU45JG8cs5j0XCcJoRNqSSkZ6CScodBnpuqPb6b77SLigcfQgxwmxQzSMqE8xkkpy9HqnaiUBPYN1aIk0dEbQU7BaAR1kI9jMf3SsQAYZhU2oDCpz7ueOXjFqxmzgMjELUgHFtBx9YnkxTkMSScyQEH3TSKSdIS4pZiQvW6kgCcIjNCR9RSMUEmFnszNzeKoUD/oxV4gknKm/ExkKhRiHrnKGSAZicTcV/9v1U+lf2xmNklSSCM8f8lMGZQynnUGPcoIlGyuCMKfqrxAHiCMsVbNlVYK5ePIy6VzUTKNm3l9WGjdFHSVwDE5AFZjgCjTAHWiBNsDgCbyACXjTnrVX7V37mFtXtCJzBP6M9vUNR6SjNw==</latexit>

UV completion



Can see this explicitly by calculating the 1-loop potential

V1�loop / m4
 (

✏

m 
)N cos(

N�

f
+ ✓)

Exponentially suppressed (10-6) mass

Yukawa couplings are O(0.1) if f ⇠ m 
<latexit sha1_base64="4dlGM3YkLAALPholTNL+2KKjx+o=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRgkLDBBK9MDWsV6n6NX8OtEqCglShQKNX+Qr7imSCSks4NqYb+KmNcqwtI5xOy2FmaIrJCA9o11GJBTVRPj96is6d0keJ0q6kRXP190SOhTETEbtOge3QLHsz8T+vm9nkJsqZTDNLJVksSjKOrEKzBFCfaUosnziCiWbuVkSGWGNiXU5lF0Kw/PIqaV3WAr8WPFxV67dFHCU4hTO4gACuoQ730IAmEHiCZ3iFN2/svXjv3seidc0rZk7gD7zPHzhikbs=</latexit><latexit sha1_base64="4dlGM3YkLAALPholTNL+2KKjx+o=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRgkLDBBK9MDWsV6n6NX8OtEqCglShQKNX+Qr7imSCSks4NqYb+KmNcqwtI5xOy2FmaIrJCA9o11GJBTVRPj96is6d0keJ0q6kRXP190SOhTETEbtOge3QLHsz8T+vm9nkJsqZTDNLJVksSjKOrEKzBFCfaUosnziCiWbuVkSGWGNiXU5lF0Kw/PIqaV3WAr8WPFxV67dFHCU4hTO4gACuoQ730IAmEHiCZ3iFN2/svXjv3seidc0rZk7gD7zPHzhikbs=</latexit><latexit sha1_base64="4dlGM3YkLAALPholTNL+2KKjx+o=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRgkLDBBK9MDWsV6n6NX8OtEqCglShQKNX+Qr7imSCSks4NqYb+KmNcqwtI5xOy2FmaIrJCA9o11GJBTVRPj96is6d0keJ0q6kRXP190SOhTETEbtOge3QLHsz8T+vm9nkJsqZTDNLJVksSjKOrEKzBFCfaUosnziCiWbuVkSGWGNiXU5lF0Kw/PIqaV3WAr8WPFxV67dFHCU4hTO4gACuoQ730IAmEHiCZ3iFN2/svXjv3seidc0rZk7gD7zPHzhikbs=</latexit><latexit sha1_base64="4dlGM3YkLAALPholTNL+2KKjx+o=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRgkLDBBK9MDWsV6n6NX8OtEqCglShQKNX+Qr7imSCSks4NqYb+KmNcqwtI5xOy2FmaIrJCA9o11GJBTVRPj96is6d0keJ0q6kRXP190SOhTETEbtOge3QLHsz8T+vm9nkJsqZTDNLJVksSjKOrEKzBFCfaUosnziCiWbuVkSGWGNiXU5lF0Kw/PIqaV3WAr8WPFxV67dFHCU4hTO4gACuoQ730IAmEHiCZ3iFN2/svXjv3seidc0rZk7gD7zPHzhikbs=</latexit>

UV completion



Moral

A weaker but still explicit counter example to 
Naturalness applied to Yukawa couplings

A collection of particles particles only 10% similar 
canceling to a precision of 10-12

A field theoretic conspiracy 



Conjecture

Higher dimensional operators play a critical role in 
evading the current notion of Naturalness

What if the reason why we haven’t seen any new 
particles are the TeV or meV scale is because the 

symmetry that solves the problem is higher 
dimensional in nature?



Conjecture

Higher dimensional operators solve Naturalness

We shouldn’t be looking for new particles, we 
should be looking for new interactions



Higgs

We should be looking for higher dimensional 
operators involving the Higgs and/or the top quark

The scale suppressing these interactions could be 
much larger than the TeV scale



C.C.

We should be looking for higher dimensional 
operators involving the the stress energy tensor and 

Riemann invariants

Amusingly some of the best bounds come from the 
LHC!

LHC is probing solutions to the cosmological 
constant problem?



Conclusion

Naturalness as typically stated is incorrect

Two explicit counter examples for Yukawa and 
quartic interactions

Maybe there exists a higher dimensional operator 
solution to the two major Hierarchy problems?


