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  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HEP: a history of guaranteed discoveries

<latexit sha1_base64="RBJogNgujNUsd0skzW8Fo81X+M4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUCDWWQyENKnOh82YRT7mzrbo0UWWn4Clqo6BAtf0LBv2AbF5AwxWo0s6vdHS+UwqBtf1orq2vrG5uFreL2zu7efungsG2CSHNo8UAGuusxA1L40EKBErqhBqY8CR1vep36nQfQRgT+Hc5CcBWb+GIsOMNEGqhBtTHsq4g2Bkkdlsp2xc5Al4mTkzLJ0RyWvvqjgEcKfOSSGdNz7BDdmGkUXMK82I8MhIxP2QR6CfWZAuPG2dVzehoZhgENQVMhaSbC74mYKWNmyks6FcN7s+il4n9eL8LxpRsLP4wQfJ4uQiEhW2S4FkkcQEdCAyJLLwcqfMqZZoigBWWcJ2KU5FNM8nAWv18m7WrFOa/Ubmvl+lWeTIEckxNyRhxyQerkhjRJi3CiyRN5Ji/Wo/VqvVnvP60rVj5zRP7A+vgGWtGWbA==</latexit>

m2AµA
µ

<latexit sha1_base64="mODn/yCHNF4eGwC1X3j4OrtKGH4=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSEysyC4hakm0scREHgms5O5wwQmzD2fukpANhV9hq5WdsfVTLPwXl5VCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXM781Rm1kGNzSJELXh2EgB1IApZLbHWgQiTNNxneVaa9Ysst2Br5MnDkpsTnqveJXtx+K2MeAhAJjOo4dkZuAJikUTgvd2GAEYgRD7KQ0AB+Nm2Shp/wkNkAhj1BzqXgm4u+NBHxjJr6XTvpA92bRm4n/eZ2YBhduIoMoJgzE7BBJhdkhI7RM20DelxqJYJYcuQy4AA1EqCUHIVIxTusppH04i98vk2al7JyVqzfVUu1y3kyeHbFjdsocds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZzVnznUP2B9bHN6TWlqk=</latexit>
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<latexit sha1_base64="3wD9hm3ZcF26omiyfSvg0fLOK60=">AAACB3icbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9lsp3XpZhN2J0IJ/QH+Cq968iZe/Rke/C8mMYK2Phh4vDfDzDw/ksKg43xYpZXVtfWN8mZla3tnd8/eP+iYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn15lfvcetBGhusVZBF7AJkqMBWeYSkO7OoiMyAvDHzq0a07dyUGXiVuQGinQGtqfg1HI4wAUcsmM6btOhF7CNAouYV4ZxAYixqdsAv2UKhaA8ZL8+Dk9jg3DkEagqZA0F+H3RMICY2aBn3YGDO/MopeJ/3n9GMcXXiJUFCMoni1CISFfZLgWaSpAR0IDIssuByoU5UwzRNCCMs5TMU5jqqR5uIvfL5POad09qzduGrXmZZFMmRySI3JCXHJOmuSatEibcDIjj+SJPFsP1ov1ar19t5asYqZK/sB6/wJt15nW</latexit>

  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HEP: a history of guaranteed discoveries

<latexit sha1_base64="RBJogNgujNUsd0skzW8Fo81X+M4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUCDWWQyENKnOh82YRT7mzrbo0UWWn4Clqo6BAtf0LBv2AbF5AwxWo0s6vdHS+UwqBtf1orq2vrG5uFreL2zu7efungsG2CSHNo8UAGuusxA1L40EKBErqhBqY8CR1vep36nQfQRgT+Hc5CcBWb+GIsOMNEGqhBtTHsq4g2Bkkdlsp2xc5Al4mTkzLJ0RyWvvqjgEcKfOSSGdNz7BDdmGkUXMK82I8MhIxP2QR6CfWZAuPG2dVzehoZhgENQVMhaSbC74mYKWNmyks6FcN7s+il4n9eL8LxpRsLP4wQfJ4uQiEhW2S4FkkcQEdCAyJLLwcqfMqZZoigBWWcJ2KU5FNM8nAWv18m7WrFOa/Ubmvl+lWeTIEckxNyRhxyQerkhjRJi3CiyRN5Ji/Wo/VqvVnvP60rVj5zRP7A+vgGWtGWbA==</latexit>

m2AµA
µ

need  
H-boson

<latexit sha1_base64="gXVNR25rEKM7o6FJ7GzZu4VyuWY=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrsqtELYk2lpjwSoBsZocLTJiZ3czc1ZANtV9hq5WdsfU7LPwXl5VCwVOdnHNv7rkniKSw6Lqfzsrq2vrGZm4rv72zu7dfKB40bRgbDg0eytC0A2ZBCg0NFCihHRlgKpDQCsY3M791D8aKUNdxEkFPsaEWA8EZppJfKCp/1JVgrRWKntM6NP1CyS27Gegy8eakROao+YWvbj/ksQKNXDJrO54bYS9hBgWXMM13YwsR42M2hE5KNVNge0kWfUpPYsswpBEYKiTNRPi9kTBl7UQF6aRiOLKL3kz8z+vEOLjqJUJHMYLms0MoJGSHLDci7QRoXxhAZLPkQIWmnBmGCEZQxnkqxmlJ+bQPb/H7ZdI8K3sX5cpdpVS9njeTI0fkmJwSj1ySKrklNdIgnDyQJ/JMXpxH59V5c95/Rlec+c4h+QPn4xtC5Jf1</latexit>

mh . 3TeV

<latexit sha1_base64="mODn/yCHNF4eGwC1X3j4OrtKGH4=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSEysyC4hakm0scREHgms5O5wwQmzD2fukpANhV9hq5WdsfVTLPwXl5VCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXM781Rm1kGNzSJELXh2EgB1IApZLbHWgQiTNNxneVaa9Ysst2Br5MnDkpsTnqveJXtx+K2MeAhAJjOo4dkZuAJikUTgvd2GAEYgRD7KQ0AB+Nm2Shp/wkNkAhj1BzqXgm4u+NBHxjJr6XTvpA92bRm4n/eZ2YBhduIoMoJgzE7BBJhdkhI7RM20DelxqJYJYcuQy4AA1EqCUHIVIxTusppH04i98vk2al7JyVqzfVUu1y3kyeHbFjdsocds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZzVnznUP2B9bHN6TWlqk=</latexit>
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<latexit sha1_base64="3wD9hm3ZcF26omiyfSvg0fLOK60=">AAACB3icbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9lsp3XpZhN2J0IJ/QH+Cq968iZe/Rke/C8mMYK2Phh4vDfDzDw/ksKg43xYpZXVtfWN8mZla3tnd8/eP+iYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn15lfvcetBGhusVZBF7AJkqMBWeYSkO7OoiMyAvDHzq0a07dyUGXiVuQGinQGtqfg1HI4wAUcsmM6btOhF7CNAouYV4ZxAYixqdsAv2UKhaA8ZL8+Dk9jg3DkEagqZA0F+H3RMICY2aBn3YGDO/MopeJ/3n9GMcXXiJUFCMoni1CISFfZLgWaSpAR0IDIssuByoU5UwzRNCCMs5TMU5jqqR5uIvfL5POad09qzduGrXmZZFMmRySI3JCXHJOmuSatEibcDIjj+SJPFsP1ov1ar19t5asYqZK/sB6/wJt15nW</latexit>

  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HEP: a history of guaranteed discoveries

<latexit sha1_base64="RBJogNgujNUsd0skzW8Fo81X+M4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUCDWWQyENKnOh82YRT7mzrbo0UWWn4Clqo6BAtf0LBv2AbF5AwxWo0s6vdHS+UwqBtf1orq2vrG5uFreL2zu7efungsG2CSHNo8UAGuusxA1L40EKBErqhBqY8CR1vep36nQfQRgT+Hc5CcBWb+GIsOMNEGqhBtTHsq4g2Bkkdlsp2xc5Al4mTkzLJ0RyWvvqjgEcKfOSSGdNz7BDdmGkUXMK82I8MhIxP2QR6CfWZAuPG2dVzehoZhgENQVMhaSbC74mYKWNmyks6FcN7s+il4n9eL8LxpRsLP4wQfJ4uQiEhW2S4FkkcQEdCAyJLLwcqfMqZZoigBWWcJ2KU5FNM8nAWv18m7WrFOa/Ubmvl+lWeTIEckxNyRhxyQerkhjRJi3CiyRN5Ji/Wo/VqvVnvP60rVj5zRP7A+vgGWtGWbA==</latexit>

m2AµA
µ

need  
H-boson

<latexit sha1_base64="gXVNR25rEKM7o6FJ7GzZu4VyuWY=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrsqtELYk2lpjwSoBsZocLTJiZ3czc1ZANtV9hq5WdsfU7LPwXl5VCwVOdnHNv7rkniKSw6Lqfzsrq2vrGZm4rv72zu7dfKB40bRgbDg0eytC0A2ZBCg0NFCihHRlgKpDQCsY3M791D8aKUNdxEkFPsaEWA8EZppJfKCp/1JVgrRWKntM6NP1CyS27Gegy8eakROao+YWvbj/ksQKNXDJrO54bYS9hBgWXMM13YwsR42M2hE5KNVNge0kWfUpPYsswpBEYKiTNRPi9kTBl7UQF6aRiOLKL3kz8z+vEOLjqJUJHMYLms0MoJGSHLDci7QRoXxhAZLPkQIWmnBmGCEZQxnkqxmlJ+bQPb/H7ZdI8K3sX5cpdpVS9njeTI0fkmJwSj1ySKrklNdIgnDyQJ/JMXpxH59V5c95/Rlec+c4h+QPn4xtC5Jf1</latexit>

mh . 3TeV

<latexit sha1_base64="mODn/yCHNF4eGwC1X3j4OrtKGH4=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSEysyC4hakm0scREHgms5O5wwQmzD2fukpANhV9hq5WdsfVTLPwXl5VCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXM781Rm1kGNzSJELXh2EgB1IApZLbHWgQiTNNxneVaa9Ysst2Br5MnDkpsTnqveJXtx+K2MeAhAJjOo4dkZuAJikUTgvd2GAEYgRD7KQ0AB+Nm2Shp/wkNkAhj1BzqXgm4u+NBHxjJr6XTvpA92bRm4n/eZ2YBhduIoMoJgzE7BBJhdkhI7RM20DelxqJYJYcuQy4AA1EqCUHIVIxTusppH04i98vk2al7JyVqzfVUu1y3kyeHbFjdsocds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZzVnznUP2B9bHN6TWlqk=</latexit>
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<latexit sha1_base64="3wD9hm3ZcF26omiyfSvg0fLOK60=">AAACB3icbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9lsp3XpZhN2J0IJ/QH+Cq968iZe/Rke/C8mMYK2Phh4vDfDzDw/ksKg43xYpZXVtfWN8mZla3tnd8/eP+iYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn15lfvcetBGhusVZBF7AJkqMBWeYSkO7OoiMyAvDHzq0a07dyUGXiVuQGinQGtqfg1HI4wAUcsmM6btOhF7CNAouYV4ZxAYixqdsAv2UKhaA8ZL8+Dk9jg3DkEagqZA0F+H3RMICY2aBn3YGDO/MopeJ/3n9GMcXXiJUFCMoni1CISFfZLgWaSpAR0IDIssuByoU5UwzRNCCMs5TMU5jqqR5uIvfL5POad09qzduGrXmZZFMmRySI3JCXHJOmuSatEibcDIjj+SJPFsP1ov1ar19t5asYqZK/sB6/wJt15nW</latexit>

  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HEP: a history of guaranteed discoveries

<latexit sha1_base64="RBJogNgujNUsd0skzW8Fo81X+M4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUCDWWQyENKnOh82YRT7mzrbo0UWWn4Clqo6BAtf0LBv2AbF5AwxWo0s6vdHS+UwqBtf1orq2vrG5uFreL2zu7efungsG2CSHNo8UAGuusxA1L40EKBErqhBqY8CR1vep36nQfQRgT+Hc5CcBWb+GIsOMNEGqhBtTHsq4g2Bkkdlsp2xc5Al4mTkzLJ0RyWvvqjgEcKfOSSGdNz7BDdmGkUXMK82I8MhIxP2QR6CfWZAuPG2dVzehoZhgENQVMhaSbC74mYKWNmyks6FcN7s+il4n9eL8LxpRsLP4wQfJ4uQiEhW2S4FkkcQEdCAyJLLwcqfMqZZoigBWWcJ2KU5FNM8nAWv18m7WrFOa/Ubmvl+lWeTIEckxNyRhxyQerkhjRJi3CiyRN5Ji/Wo/VqvVnvP60rVj5zRP7A+vgGWtGWbA==</latexit>

m2AµA
µ

need  
H-boson

<latexit sha1_base64="gXVNR25rEKM7o6FJ7GzZu4VyuWY=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrsqtELYk2lpjwSoBsZocLTJiZ3czc1ZANtV9hq5WdsfU7LPwXl5VCwVOdnHNv7rkniKSw6Lqfzsrq2vrGZm4rv72zu7dfKB40bRgbDg0eytC0A2ZBCg0NFCihHRlgKpDQCsY3M791D8aKUNdxEkFPsaEWA8EZppJfKCp/1JVgrRWKntM6NP1CyS27Gegy8eakROao+YWvbj/ksQKNXDJrO54bYS9hBgWXMM13YwsR42M2hE5KNVNge0kWfUpPYsswpBEYKiTNRPi9kTBl7UQF6aRiOLKL3kz8z+vEOLjqJUJHMYLms0MoJGSHLDci7QRoXxhAZLPkQIWmnBmGCEZQxnkqxmlJ+bQPb/H7ZdI8K3sX5cpdpVS9njeTI0fkmJwSj1ySKrklNdIgnDyQJ/JMXpxH59V5c95/Rlec+c4h+QPn4xtC5Jf1</latexit>

mh . 3TeV

<latexit sha1_base64="mODn/yCHNF4eGwC1X3j4OrtKGH4=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSEysyC4hakm0scREHgms5O5wwQmzD2fukpANhV9hq5WdsfVTLPwXl5VCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXM781Rm1kGNzSJELXh2EgB1IApZLbHWgQiTNNxneVaa9Ysst2Br5MnDkpsTnqveJXtx+K2MeAhAJjOo4dkZuAJikUTgvd2GAEYgRD7KQ0AB+Nm2Shp/wkNkAhj1BzqXgm4u+NBHxjJr6XTvpA92bRm4n/eZ2YBhduIoMoJgzE7BBJhdkhI7RM20DelxqJYJYcuQy4AA1EqCUHIVIxTusppH04i98vk2al7JyVqzfVUu1y3kyeHbFjdsocds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZzVnznUP2B9bHN6TWlqk=</latexit>

1

v2
<latexit sha1_base64="0dVpaLa0r5w02L5nD8VtgzeT1FA=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSEysyC4hakm0sTFBI48EkNwdLjhh9pGZu0ay2d6vsNXKztj6Gxb+iwtSKHiqk3PuzT33uKGShmz708osLa+srmXXcxubW9s7+d1CwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0PvGb96iNDPwbGofY9WDoy4EUQKnUyxc6Aw0ivk7iy15cU8ltOenli3bJnoIvEmdGimyGWi//1ekHIvLQJ6HAmLZjh9SNQZMUCpNcJzIYghjBENsp9cFD042n2RN+GBmggIeouVR8KuLvjRg8Y8aem056QHdm3puI/3ntiAan3Vj6YUToi8khkgqnh4zQMi0FeV9qJIJJcuTS5wI0EKGWHIRIxShtKZf24cx/v0ga5ZJzXKpcVYrVs1kzWbbPDtgRc9gJq7ILVmN1JtgDe2LP7MV6tF6tN+v9ZzRjzXb22B9YH98lk5kX</latexit>

R

M2
Pl

<latexit sha1_base64="NYtCIxTHL7sdzEuhWBUZ5V95RfU=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5solPOZ+tuzVSZPITtFDRIVp+hoJ/4WJcQMJUo5ldze4EiRQGXffTKa2srq1vlDcrW9s7u3vV/YO2iVPNocVjGetuwAxIoaCFAiV0Ew0sCiR0gsnN3O88gDYiVvc4TcCP2FiJkeAMrdQNwz7GNAwH1Zpbd3PQZeIVpEYKNAfVr/4w5mkECrlkxvQ8N0E/YxoFlzCr9FMDCeMTNoaepYpFYPwsv3dGT1LDbGwCmgpJcxF+b2QsMmYaBXYyYhiaRW8u/uf1Uhxd+ZlQSYqg+DwIhYQ8yHAtbBFAh0IDIptfDlQoyplmiKAFZZxbMbXNVGwf3uL3y6R9Vvcu6ud357XGddFMmRyRY3JKPHJJGuSWNEmLcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAOHt5RX</latexit>

hh ! hh

E

A
m

p t
h

<latexit sha1_base64="3wD9hm3ZcF26omiyfSvg0fLOK60=">AAACB3icbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9lsp3XpZhN2J0IJ/QH+Cq968iZe/Rke/C8mMYK2Phh4vDfDzDw/ksKg43xYpZXVtfWN8mZla3tnd8/eP+iYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn15lfvcetBGhusVZBF7AJkqMBWeYSkO7OoiMyAvDHzq0a07dyUGXiVuQGinQGtqfg1HI4wAUcsmM6btOhF7CNAouYV4ZxAYixqdsAv2UKhaA8ZL8+Dk9jg3DkEagqZA0F+H3RMICY2aBn3YGDO/MopeJ/3n9GMcXXiJUFCMoni1CISFfZLgWaSpAR0IDIssuByoU5UwzRNCCMs5TMU5jqqR5uIvfL5POad09qzduGrXmZZFMmRySI3JCXHJOmuSatEibcDIjj+SJPFsP1ov1ar19t5asYqZK/sB6/wJt15nW</latexit>

  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HEP: a history of guaranteed discoveries

<latexit sha1_base64="RBJogNgujNUsd0skzW8Fo81X+M4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUCDWWQyENKnOh82YRT7mzrbo0UWWn4Clqo6BAtf0LBv2AbF5AwxWo0s6vdHS+UwqBtf1orq2vrG5uFreL2zu7efungsG2CSHNo8UAGuusxA1L40EKBErqhBqY8CR1vep36nQfQRgT+Hc5CcBWb+GIsOMNEGqhBtTHsq4g2Bkkdlsp2xc5Al4mTkzLJ0RyWvvqjgEcKfOSSGdNz7BDdmGkUXMK82I8MhIxP2QR6CfWZAuPG2dVzehoZhgENQVMhaSbC74mYKWNmyks6FcN7s+il4n9eL8LxpRsLP4wQfJ4uQiEhW2S4FkkcQEdCAyJLLwcqfMqZZoigBWWcJ2KU5FNM8nAWv18m7WrFOa/Ubmvl+lWeTIEckxNyRhxyQerkhjRJi3CiyRN5Ji/Wo/VqvVnvP60rVj5zRP7A+vgGWtGWbA==</latexit>

m2AµA
µ

need  
H-boson

<latexit sha1_base64="gXVNR25rEKM7o6FJ7GzZu4VyuWY=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrsqtELYk2lpjwSoBsZocLTJiZ3czc1ZANtV9hq5WdsfU7LPwXl5VCwVOdnHNv7rkniKSw6Lqfzsrq2vrGZm4rv72zu7dfKB40bRgbDg0eytC0A2ZBCg0NFCihHRlgKpDQCsY3M791D8aKUNdxEkFPsaEWA8EZppJfKCp/1JVgrRWKntM6NP1CyS27Gegy8eakROao+YWvbj/ksQKNXDJrO54bYS9hBgWXMM13YwsR42M2hE5KNVNge0kWfUpPYsswpBEYKiTNRPi9kTBl7UQF6aRiOLKL3kz8z+vEOLjqJUJHMYLms0MoJGSHLDci7QRoXxhAZLPkQIWmnBmGCEZQxnkqxmlJ+bQPb/H7ZdI8K3sX5cpdpVS9njeTI0fkmJwSj1ySKrklNdIgnDyQJ/JMXpxH59V5c95/Rlec+c4h+QPn4xtC5Jf1</latexit>

mh . 3TeV

<latexit sha1_base64="mODn/yCHNF4eGwC1X3j4OrtKGH4=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSEysyC4hakm0scREHgms5O5wwQmzD2fukpANhV9hq5WdsfVTLPwXl5VCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXM781Rm1kGNzSJELXh2EgB1IApZLbHWgQiTNNxneVaa9Ysst2Br5MnDkpsTnqveJXtx+K2MeAhAJjOo4dkZuAJikUTgvd2GAEYgRD7KQ0AB+Nm2Shp/wkNkAhj1BzqXgm4u+NBHxjJr6XTvpA92bRm4n/eZ2YBhduIoMoJgzE7BBJhdkhI7RM20DelxqJYJYcuQy4AA1EqCUHIVIxTusppH04i98vk2al7JyVqzfVUu1y3kyeHbFjdsocds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZzVnznUP2B9bHN6TWlqk=</latexit>

1

v2
<latexit sha1_base64="0dVpaLa0r5w02L5nD8VtgzeT1FA=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSEysyC4hakm0sTFBI48EkNwdLjhh9pGZu0ay2d6vsNXKztj6Gxb+iwtSKHiqk3PuzT33uKGShmz708osLa+srmXXcxubW9s7+d1CwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0PvGb96iNDPwbGofY9WDoy4EUQKnUyxc6Aw0ivk7iy15cU8ltOenli3bJnoIvEmdGimyGWi//1ekHIvLQJ6HAmLZjh9SNQZMUCpNcJzIYghjBENsp9cFD042n2RN+GBmggIeouVR8KuLvjRg8Y8aem056QHdm3puI/3ntiAan3Vj6YUToi8khkgqnh4zQMi0FeV9qJIJJcuTS5wI0EKGWHIRIxShtKZf24cx/v0ga5ZJzXKpcVYrVs1kzWbbPDtgRc9gJq7ILVmN1JtgDe2LP7MV6tF6tN+v9ZzRjzXb22B9YH98lk5kX</latexit>

R

M2
Pl

<latexit sha1_base64="NYtCIxTHL7sdzEuhWBUZ5V95RfU=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5solPOZ+tuzVSZPITtFDRIVp+hoJ/4WJcQMJUo5ldze4EiRQGXffTKa2srq1vlDcrW9s7u3vV/YO2iVPNocVjGetuwAxIoaCFAiV0Ew0sCiR0gsnN3O88gDYiVvc4TcCP2FiJkeAMrdQNwz7GNAwH1Zpbd3PQZeIVpEYKNAfVr/4w5mkECrlkxvQ8N0E/YxoFlzCr9FMDCeMTNoaepYpFYPwsv3dGT1LDbGwCmgpJcxF+b2QsMmYaBXYyYhiaRW8u/uf1Uhxd+ZlQSYqg+DwIhYQ8yHAtbBFAh0IDIptfDlQoyplmiKAFZZxbMbXNVGwf3uL3y6R9Vvcu6ud357XGddFMmRyRY3JKPHJJGuSWNEmLcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAOHt5RX</latexit>

hh ! hh

E

A
m

p t
h

<latexit sha1_base64="3wD9hm3ZcF26omiyfSvg0fLOK60=">AAACB3icbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9lsp3XpZhN2J0IJ/QH+Cq968iZe/Rke/C8mMYK2Phh4vDfDzDw/ksKg43xYpZXVtfWN8mZla3tnd8/eP+iYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn15lfvcetBGhusVZBF7AJkqMBWeYSkO7OoiMyAvDHzq0a07dyUGXiVuQGinQGtqfg1HI4wAUcsmM6btOhF7CNAouYV4ZxAYixqdsAv2UKhaA8ZL8+Dk9jg3DkEagqZA0F+H3RMICY2aBn3YGDO/MopeJ/3n9GMcXXiJUFCMoni1CISFfZLgWaSpAR0IDIssuByoU5UwzRNCCMs5TMU5jqqR5uIvfL5POad09qzduGrXmZZFMmRySI3JCXHJOmuSatEibcDIjj+SJPFsP1ov1ar19t5asYqZK/sB6/wJt15nW</latexit>

  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HEP: a history of guaranteed discoveries

<latexit sha1_base64="RBJogNgujNUsd0skzW8Fo81X+M4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUCDWWQyENKnOh82YRT7mzrbo0UWWn4Clqo6BAtf0LBv2AbF5AwxWo0s6vdHS+UwqBtf1orq2vrG5uFreL2zu7efungsG2CSHNo8UAGuusxA1L40EKBErqhBqY8CR1vep36nQfQRgT+Hc5CcBWb+GIsOMNEGqhBtTHsq4g2Bkkdlsp2xc5Al4mTkzLJ0RyWvvqjgEcKfOSSGdNz7BDdmGkUXMK82I8MhIxP2QR6CfWZAuPG2dVzehoZhgENQVMhaSbC74mYKWNmyks6FcN7s+il4n9eL8LxpRsLP4wQfJ4uQiEhW2S4FkkcQEdCAyJLLwcqfMqZZoigBWWcJ2KU5FNM8nAWv18m7WrFOa/Ubmvl+lWeTIEckxNyRhxyQerkhjRJi3CiyRN5Ji/Wo/VqvVnvP60rVj5zRP7A+vgGWtGWbA==</latexit>

m2AµA
µ

need  
H-boson

<latexit sha1_base64="gXVNR25rEKM7o6FJ7GzZu4VyuWY=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrsqtELYk2lpjwSoBsZocLTJiZ3czc1ZANtV9hq5WdsfU7LPwXl5VCwVOdnHNv7rkniKSw6Lqfzsrq2vrGZm4rv72zu7dfKB40bRgbDg0eytC0A2ZBCg0NFCihHRlgKpDQCsY3M791D8aKUNdxEkFPsaEWA8EZppJfKCp/1JVgrRWKntM6NP1CyS27Gegy8eakROao+YWvbj/ksQKNXDJrO54bYS9hBgWXMM13YwsR42M2hE5KNVNge0kWfUpPYsswpBEYKiTNRPi9kTBl7UQF6aRiOLKL3kz8z+vEOLjqJUJHMYLms0MoJGSHLDci7QRoXxhAZLPkQIWmnBmGCEZQxnkqxmlJ+bQPb/H7ZdI8K3sX5cpdpVS9njeTI0fkmJwSj1ySKrklNdIgnDyQJ/JMXpxH59V5c95/Rlec+c4h+QPn4xtC5Jf1</latexit>

mh . 3TeV

<latexit sha1_base64="mODn/yCHNF4eGwC1X3j4OrtKGH4=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSEysyC4hakm0scREHgms5O5wwQmzD2fukpANhV9hq5WdsfVTLPwXl5VCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXM781Rm1kGNzSJELXh2EgB1IApZLbHWgQiTNNxneVaa9Ysst2Br5MnDkpsTnqveJXtx+K2MeAhAJjOo4dkZuAJikUTgvd2GAEYgRD7KQ0AB+Nm2Shp/wkNkAhj1BzqXgm4u+NBHxjJr6XTvpA92bRm4n/eZ2YBhduIoMoJgzE7BBJhdkhI7RM20DelxqJYJYcuQy4AA1EqCUHIVIxTusppH04i98vk2al7JyVqzfVUu1y3kyeHbFjdsocds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZzVnznUP2B9bHN6TWlqk=</latexit>

1

v2

need  
something

<latexit sha1_base64="TeJr9yBOkG3KgJGKuIoQ+Liaocg=">AAACDXicbVC7TsNAEDyHVwgvAxWiOREhUUU2inh0ERShTCTykBJjnS+bcMqdbd2tkSIr4hP4Clqo6BAt30DBv+CEFBCYajSzq92ZIJbCoON8WLmFxaXllfxqYW19Y3PL3t5pmijRHBo8kpFuB8yAFCE0UKCEdqyBqUBCKxheTvzWHWgjovAaRzF4ig1C0RecYSb59p7y03p13JVgjBGKus5N6p6Pq9D07aJTcqagf4k7I0UyQ823P7u9iCcKQuSSGdNxnRi9lGkUXMK40E0MxIwP2QA6GQ2ZAuOl0whjepgYhhGNQVMh6VSEnxspU8aMVJBNKoa3Zt6biP95nQT7Z14qwjhBCPnkEAoJ00OGa5F1A7QnNCCyyedARUg50wwRtKCM80xMsrIKWR/ufPq/pHlcck9K5Xq5WLmYNZMn++SAHBGXnJIKuSI10iCc3JNH8kSerQfrxXq13r5Hc9ZsZ5f8gvX+BTLqmy4=</latexit>

mQG . 1019GeV

<latexit sha1_base64="0dVpaLa0r5w02L5nD8VtgzeT1FA=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSEysyC4hakm0sTFBI48EkNwdLjhh9pGZu0ay2d6vsNXKztj6Gxb+iwtSKHiqk3PuzT33uKGShmz708osLa+srmXXcxubW9s7+d1CwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0PvGb96iNDPwbGofY9WDoy4EUQKnUyxc6Aw0ivk7iy15cU8ltOenli3bJnoIvEmdGimyGWi//1ekHIvLQJ6HAmLZjh9SNQZMUCpNcJzIYghjBENsp9cFD042n2RN+GBmggIeouVR8KuLvjRg8Y8aem056QHdm3puI/3ntiAan3Vj6YUToi8khkgqnh4zQMi0FeV9qJIJJcuTS5wI0EKGWHIRIxShtKZf24cx/v0ga5ZJzXKpcVYrVs1kzWbbPDtgRc9gJq7ILVmN1JtgDe2LP7MV6tF6tN+v9ZzRjzXb22B9YH98lk5kX</latexit>

R

M2
Pl

<latexit sha1_base64="NYtCIxTHL7sdzEuhWBUZ5V95RfU=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5solPOZ+tuzVSZPITtFDRIVp+hoJ/4WJcQMJUo5ldze4EiRQGXffTKa2srq1vlDcrW9s7u3vV/YO2iVPNocVjGetuwAxIoaCFAiV0Ew0sCiR0gsnN3O88gDYiVvc4TcCP2FiJkeAMrdQNwz7GNAwH1Zpbd3PQZeIVpEYKNAfVr/4w5mkECrlkxvQ8N0E/YxoFlzCr9FMDCeMTNoaepYpFYPwsv3dGT1LDbGwCmgpJcxF+b2QsMmYaBXYyYhiaRW8u/uf1Uhxd+ZlQSYqg+DwIhYQ8yHAtbBFAh0IDIptfDlQoyplmiKAFZZxbMbXNVGwf3uL3y6R9Vvcu6ud357XGddFMmRyRY3JKPHJJGuSWNEmLcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAOHt5RX</latexit>

hh ! hh

E

A
m

p t
h

<latexit sha1_base64="3wD9hm3ZcF26omiyfSvg0fLOK60=">AAACB3icbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9lsp3XpZhN2J0IJ/QH+Cq968iZe/Rke/C8mMYK2Phh4vDfDzDw/ksKg43xYpZXVtfWN8mZla3tnd8/eP+iYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn15lfvcetBGhusVZBF7AJkqMBWeYSkO7OoiMyAvDHzq0a07dyUGXiVuQGinQGtqfg1HI4wAUcsmM6btOhF7CNAouYV4ZxAYixqdsAv2UKhaA8ZL8+Dk9jg3DkEagqZA0F+H3RMICY2aBn3YGDO/MopeJ/3n9GMcXXiJUFCMoni1CISFfZLgWaSpAR0IDIssuByoU5UwzRNCCMs5TMU5jqqR5uIvfL5POad09qzduGrXmZZFMmRySI3JCXHJOmuSatEibcDIjj+SJPFsP1ov1ar19t5asYqZK/sB6/wJt15nW</latexit>

  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HEP: a history of guaranteed discoveries

<latexit sha1_base64="RBJogNgujNUsd0skzW8Fo81X+M4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUCDWWQyENKnOh82YRT7mzrbo0UWWn4Clqo6BAtf0LBv2AbF5AwxWo0s6vdHS+UwqBtf1orq2vrG5uFreL2zu7efungsG2CSHNo8UAGuusxA1L40EKBErqhBqY8CR1vep36nQfQRgT+Hc5CcBWb+GIsOMNEGqhBtTHsq4g2Bkkdlsp2xc5Al4mTkzLJ0RyWvvqjgEcKfOSSGdNz7BDdmGkUXMK82I8MhIxP2QR6CfWZAuPG2dVzehoZhgENQVMhaSbC74mYKWNmyks6FcN7s+il4n9eL8LxpRsLP4wQfJ4uQiEhW2S4FkkcQEdCAyJLLwcqfMqZZoigBWWcJ2KU5FNM8nAWv18m7WrFOa/Ubmvl+lWeTIEckxNyRhxyQerkhjRJi3CiyRN5Ji/Wo/VqvVnvP60rVj5zRP7A+vgGWtGWbA==</latexit>

m2AµA
µ

need  
H-boson

<latexit sha1_base64="gXVNR25rEKM7o6FJ7GzZu4VyuWY=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrsqtELYk2lpjwSoBsZocLTJiZ3czc1ZANtV9hq5WdsfU7LPwXl5VCwVOdnHNv7rkniKSw6Lqfzsrq2vrGZm4rv72zu7dfKB40bRgbDg0eytC0A2ZBCg0NFCihHRlgKpDQCsY3M791D8aKUNdxEkFPsaEWA8EZppJfKCp/1JVgrRWKntM6NP1CyS27Gegy8eakROao+YWvbj/ksQKNXDJrO54bYS9hBgWXMM13YwsR42M2hE5KNVNge0kWfUpPYsswpBEYKiTNRPi9kTBl7UQF6aRiOLKL3kz8z+vEOLjqJUJHMYLms0MoJGSHLDci7QRoXxhAZLPkQIWmnBmGCEZQxnkqxmlJ+bQPb/H7ZdI8K3sX5cpdpVS9njeTI0fkmJwSj1ySKrklNdIgnDyQJ/JMXpxH59V5c95/Rlec+c4h+QPn4xtC5Jf1</latexit>

mh . 3TeV

<latexit sha1_base64="mODn/yCHNF4eGwC1X3j4OrtKGH4=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSEysyC4hakm0scREHgms5O5wwQmzD2fukpANhV9hq5WdsfVTLPwXl5VCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXM781Rm1kGNzSJELXh2EgB1IApZLbHWgQiTNNxneVaa9Ysst2Br5MnDkpsTnqveJXtx+K2MeAhAJjOo4dkZuAJikUTgvd2GAEYgRD7KQ0AB+Nm2Shp/wkNkAhj1BzqXgm4u+NBHxjJr6XTvpA92bRm4n/eZ2YBhduIoMoJgzE7BBJhdkhI7RM20DelxqJYJYcuQy4AA1EqCUHIVIxTusppH04i98vk2al7JyVqzfVUu1y3kyeHbFjdsocds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZzVnznUP2B9bHN6TWlqk=</latexit>

1

v2

need  
something

<latexit sha1_base64="TeJr9yBOkG3KgJGKuIoQ+Liaocg=">AAACDXicbVC7TsNAEDyHVwgvAxWiOREhUUU2inh0ERShTCTykBJjnS+bcMqdbd2tkSIr4hP4Clqo6BAt30DBv+CEFBCYajSzq92ZIJbCoON8WLmFxaXllfxqYW19Y3PL3t5pmijRHBo8kpFuB8yAFCE0UKCEdqyBqUBCKxheTvzWHWgjovAaRzF4ig1C0RecYSb59p7y03p13JVgjBGKus5N6p6Pq9D07aJTcqagf4k7I0UyQ823P7u9iCcKQuSSGdNxnRi9lGkUXMK40E0MxIwP2QA6GQ2ZAuOl0whjepgYhhGNQVMh6VSEnxspU8aMVJBNKoa3Zt6biP95nQT7Z14qwjhBCPnkEAoJ00OGa5F1A7QnNCCyyedARUg50wwRtKCM80xMsrIKWR/ufPq/pHlcck9K5Xq5WLmYNZMn++SAHBGXnJIKuSI10iCc3JNH8kSerQfrxXq13r5Hc9ZsZ5f8gvX+BTLqmy4=</latexit>

mQG . 1019GeV

<latexit sha1_base64="0dVpaLa0r5w02L5nD8VtgzeT1FA=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSEysyC4hakm0sTFBI48EkNwdLjhh9pGZu0ay2d6vsNXKztj6Gxb+iwtSKHiqk3PuzT33uKGShmz708osLa+srmXXcxubW9s7+d1CwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0PvGb96iNDPwbGofY9WDoy4EUQKnUyxc6Aw0ivk7iy15cU8ltOenli3bJnoIvEmdGimyGWi//1ekHIvLQJ6HAmLZjh9SNQZMUCpNcJzIYghjBENsp9cFD042n2RN+GBmggIeouVR8KuLvjRg8Y8aem056QHdm3puI/3ntiAan3Vj6YUToi8khkgqnh4zQMi0FeV9qJIJJcuTS5wI0EKGWHIRIxShtKZf24cx/v0ga5ZJzXKpcVYrVs1kzWbbPDtgRc9gJq7ILVmN1JtgDe2LP7MV6tF6tN+v9ZzRjzXb22B9YH98lk5kX</latexit>

R

M2
Pl

<latexit sha1_base64="NYtCIxTHL7sdzEuhWBUZ5V95RfU=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5solPOZ+tuzVSZPITtFDRIVp+hoJ/4WJcQMJUo5ldze4EiRQGXffTKa2srq1vlDcrW9s7u3vV/YO2iVPNocVjGetuwAxIoaCFAiV0Ew0sCiR0gsnN3O88gDYiVvc4TcCP2FiJkeAMrdQNwz7GNAwH1Zpbd3PQZeIVpEYKNAfVr/4w5mkECrlkxvQ8N0E/YxoFlzCr9FMDCeMTNoaepYpFYPwsv3dGT1LDbGwCmgpJcxF+b2QsMmYaBXYyYhiaRW8u/uf1Uhxd+ZlQSYqg+DwIhYQ8yHAtbBFAh0IDIptfDlQoyplmiKAFZZxbMbXNVGwf3uL3y6R9Vvcu6ud357XGddFMmRyRY3JKPHJJGuSWNEmLcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAOHt5RX</latexit>

hh ! hh

E

A
m

p t
h

<latexit sha1_base64="3wD9hm3ZcF26omiyfSvg0fLOK60=">AAACB3icbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9lsp3XpZhN2J0IJ/QH+Cq968iZe/Rke/C8mMYK2Phh4vDfDzDw/ksKg43xYpZXVtfWN8mZla3tnd8/eP+iYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn15lfvcetBGhusVZBF7AJkqMBWeYSkO7OoiMyAvDHzq0a07dyUGXiVuQGinQGtqfg1HI4wAUcsmM6btOhF7CNAouYV4ZxAYixqdsAv2UKhaA8ZL8+Dk9jg3DkEagqZA0F+H3RMICY2aBn3YGDO/MopeJ/3n9GMcXXiJUFCMoni1CISFfZLgWaSpAR0IDIssuByoU5UwzRNCCMs5TMU5jqqR5uIvfL5POad09qzduGrXmZZFMmRySI3JCXHJOmuSatEibcDIjj+SJPFsP1ov1ar19t5asYqZK/sB6/wJt15nW</latexit>

  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

Exceptional story, but science is not about no lose theorems

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HEP: a history of guaranteed discoveries

<latexit sha1_base64="RBJogNgujNUsd0skzW8Fo81X+M4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUCDWWQyENKnOh82YRT7mzrbo0UWWn4Clqo6BAtf0LBv2AbF5AwxWo0s6vdHS+UwqBtf1orq2vrG5uFreL2zu7efungsG2CSHNo8UAGuusxA1L40EKBErqhBqY8CR1vep36nQfQRgT+Hc5CcBWb+GIsOMNEGqhBtTHsq4g2Bkkdlsp2xc5Al4mTkzLJ0RyWvvqjgEcKfOSSGdNz7BDdmGkUXMK82I8MhIxP2QR6CfWZAuPG2dVzehoZhgENQVMhaSbC74mYKWNmyks6FcN7s+il4n9eL8LxpRsLP4wQfJ4uQiEhW2S4FkkcQEdCAyJLLwcqfMqZZoigBWWcJ2KU5FNM8nAWv18m7WrFOa/Ubmvl+lWeTIEckxNyRhxyQerkhjRJi3CiyRN5Ji/Wo/VqvVnvP60rVj5zRP7A+vgGWtGWbA==</latexit>

m2AµA
µ

need  
H-boson

<latexit sha1_base64="gXVNR25rEKM7o6FJ7GzZu4VyuWY=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrsqtELYk2lpjwSoBsZocLTJiZ3czc1ZANtV9hq5WdsfU7LPwXl5VCwVOdnHNv7rkniKSw6Lqfzsrq2vrGZm4rv72zu7dfKB40bRgbDg0eytC0A2ZBCg0NFCihHRlgKpDQCsY3M791D8aKUNdxEkFPsaEWA8EZppJfKCp/1JVgrRWKntM6NP1CyS27Gegy8eakROao+YWvbj/ksQKNXDJrO54bYS9hBgWXMM13YwsR42M2hE5KNVNge0kWfUpPYsswpBEYKiTNRPi9kTBl7UQF6aRiOLKL3kz8z+vEOLjqJUJHMYLms0MoJGSHLDci7QRoXxhAZLPkQIWmnBmGCEZQxnkqxmlJ+bQPb/H7ZdI8K3sX5cpdpVS9njeTI0fkmJwSj1ySKrklNdIgnDyQJ/JMXpxH59V5c95/Rlec+c4h+QPn4xtC5Jf1</latexit>

mh . 3TeV

<latexit sha1_base64="mODn/yCHNF4eGwC1X3j4OrtKGH4=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSEysyC4hakm0scREHgms5O5wwQmzD2fukpANhV9hq5WdsfVTLPwXl5VCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXM781Rm1kGNzSJELXh2EgB1IApZLbHWgQiTNNxneVaa9Ysst2Br5MnDkpsTnqveJXtx+K2MeAhAJjOo4dkZuAJikUTgvd2GAEYgRD7KQ0AB+Nm2Shp/wkNkAhj1BzqXgm4u+NBHxjJr6XTvpA92bRm4n/eZ2YBhduIoMoJgzE7BBJhdkhI7RM20DelxqJYJYcuQy4AA1EqCUHIVIxTusppH04i98vk2al7JyVqzfVUu1y3kyeHbFjdsocds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZzVnznUP2B9bHN6TWlqk=</latexit>

1

v2

need  
something

<latexit sha1_base64="TeJr9yBOkG3KgJGKuIoQ+Liaocg=">AAACDXicbVC7TsNAEDyHVwgvAxWiOREhUUU2inh0ERShTCTykBJjnS+bcMqdbd2tkSIr4hP4Clqo6BAt30DBv+CEFBCYajSzq92ZIJbCoON8WLmFxaXllfxqYW19Y3PL3t5pmijRHBo8kpFuB8yAFCE0UKCEdqyBqUBCKxheTvzWHWgjovAaRzF4ig1C0RecYSb59p7y03p13JVgjBGKus5N6p6Pq9D07aJTcqagf4k7I0UyQ823P7u9iCcKQuSSGdNxnRi9lGkUXMK40E0MxIwP2QA6GQ2ZAuOl0whjepgYhhGNQVMh6VSEnxspU8aMVJBNKoa3Zt6biP95nQT7Z14qwjhBCPnkEAoJ00OGa5F1A7QnNCCyyedARUg50wwRtKCM80xMsrIKWR/ufPq/pHlcck9K5Xq5WLmYNZMn++SAHBGXnJIKuSI10iCc3JNH8kSerQfrxXq13r5Hc9ZsZ5f8gvX+BTLqmy4=</latexit>

mQG . 1019GeV

<latexit sha1_base64="0dVpaLa0r5w02L5nD8VtgzeT1FA=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSEysyC4hakm0sTFBI48EkNwdLjhh9pGZu0ay2d6vsNXKztj6Gxb+iwtSKHiqk3PuzT33uKGShmz708osLa+srmXXcxubW9s7+d1CwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0PvGb96iNDPwbGofY9WDoy4EUQKnUyxc6Aw0ivk7iy15cU8ltOenli3bJnoIvEmdGimyGWi//1ekHIvLQJ6HAmLZjh9SNQZMUCpNcJzIYghjBENsp9cFD042n2RN+GBmggIeouVR8KuLvjRg8Y8aem056QHdm3puI/3ntiAan3Vj6YUToi8khkgqnh4zQMi0FeV9qJIJJcuTS5wI0EKGWHIRIxShtKZf24cx/v0ga5ZJzXKpcVYrVs1kzWbbPDtgRc9gJq7ILVmN1JtgDe2LP7MV6tF6tN+v9ZzRjzXb22B9YH98lk5kX</latexit>

R

M2
Pl

<latexit sha1_base64="NYtCIxTHL7sdzEuhWBUZ5V95RfU=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5solPOZ+tuzVSZPITtFDRIVp+hoJ/4WJcQMJUo5ldze4EiRQGXffTKa2srq1vlDcrW9s7u3vV/YO2iVPNocVjGetuwAxIoaCFAiV0Ew0sCiR0gsnN3O88gDYiVvc4TcCP2FiJkeAMrdQNwz7GNAwH1Zpbd3PQZeIVpEYKNAfVr/4w5mkECrlkxvQ8N0E/YxoFlzCr9FMDCeMTNoaepYpFYPwsv3dGT1LDbGwCmgpJcxF+b2QsMmYaBXYyYhiaRW8u/uf1Uhxd+ZlQSYqg+DwIhYQ8yHAtbBFAh0IDIptfDlQoyplmiKAFZZxbMbXNVGwf3uL3y6R9Vvcu6ud357XGddFMmRyRY3JKPHJJGuSWNEmLcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAOHt5RX</latexit>

hh ! hh

E

A
m

p t
h

<latexit sha1_base64="3wD9hm3ZcF26omiyfSvg0fLOK60=">AAACB3icbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9lsp3XpZhN2J0IJ/QH+Cq968iZe/Rke/C8mMYK2Phh4vDfDzDw/ksKg43xYpZXVtfWN8mZla3tnd8/eP+iYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn15lfvcetBGhusVZBF7AJkqMBWeYSkO7OoiMyAvDHzq0a07dyUGXiVuQGinQGtqfg1HI4wAUcsmM6btOhF7CNAouYV4ZxAYixqdsAv2UKhaA8ZL8+Dk9jg3DkEagqZA0F+H3RMICY2aBn3YGDO/MopeJ/3n9GMcXXiJUFCMoni1CISFfZLgWaSpAR0IDIssuByoU5UwzRNCCMs5TMU5jqqR5uIvfL5POad09qzduGrXmZZFMmRySI3JCXHJOmuSatEibcDIjj+SJPFsP1ov1ar19t5asYqZK/sB6/wJt15nW</latexit>

  !   
<latexit sha1_base64="GYjV/83E8UcPH/hMR1y7dNQC2Gc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBInGkxIrOl0045Xy27tZIUchP0EJFh2j5GQr+hbNxAQlTjWZ2NbsTJlIYdN1Pp7Syura+Ud6sbG3v7O5V9w86Jk41hzaPZay7ITMghYI2CpTQTTSwKJTgh5PrzPcfQBsRqzucJhBEbKzESHCGVur6fh9j6vuDas2tuznoMvEKUiMFWoPqV38Y8zQChVwyY3qem2AwYxoFlzCv9FMDCeMTNoaepYpFYIJZfu+cnqSG2dgENBWS5iL83pixyJhpFNrJiOG9WfQy8T+vl+LoMpgJlaQIimdBKCTkQYZrYYsAOhQaEFl2OVChKGeaIYIWlHFuxdQ2U7F9eIvfL5POWd07rzduG7XmVdFMmRyRY3JKPHJBmuSGtEibcCLJE3kmL86j8+q8Oe8/oyWn2Dkkf+B8fAMczZQT</latexit>

WW ! WW

Exceptional story, but science is not about no lose theorems

What will we learn from this exploration?
If you have to focus on one question, what will it be?

need  
W-boson

<latexit sha1_base64="I5+M5vjXNbd38C+8NinCI+VlpN4=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4StSTaWGLCKwFCZocLTpiZ3czc1RBC7VfYamVnbP0OC//F3XULBU91cs69ueceP5TCout+OrmV1bX1jfxmYWt7Z3evWNpv2SAyHJo8kIHp+MyCFBqaKFBCJzTAlC+h7U+uE799D8aKQDdwGkJfsbEWI8EZxtKgWFKDdk+CtVYoekYb0BoUy27FTUGXiZeRMslQHxS/esOARwo0csms7XpuiP0ZMyi4hHmhF1kIGZ+wMXRjqpkC25+l0ef0OLIMAxqCoULSVITfGzOmrJ0qP55UDO/sopeI/3ndCEeX/ZnQYYSgeXIIhYT0kOVGxJ0AHQoDiCxJDlRoyplhiGAEZZzHYhSXVIj78Ba/Xyat04p3XqneVsu1q6yZPDkkR+SEeOSC1MgNqZMm4eSBPJFn8uI8Oq/Om/P+M5pzsp0D8gfOxzcnd5fk</latexit>

mW . 3TeV
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High-Energy Particle Physics Mindset

10-15 10-35

FCs

Stand
ard 

Model

x

? Think of the unexplored as 
REALLY unknown

No notion of “confirming the SM”:
there is no SM+Gravity theory!

The SM really is an EFT with 
many possible features: every 
new measurement teaches us 
something new about these

<latexit sha1_base64="duEO470j6xu/JmVRafP2IKQmOAw="></latexit>

L =
X

i

ci
O

(n)
i

⇤n�4
i

microscopic laws of nature



10-15 10-35

x

High-Energy Particle Physics
<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

FCs



10-15 10-35

x

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

FCs



10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

FCs



10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

<latexit sha1_base64="tib6+nugpTuShs3xar6Plu1oyHs=">AAACGHicbVC7TgMxEPTxJrwOKGkMAYkqukMRUEbQUFCARCBSLor2nE1ixfeQvYcUne4H+AS+ghYqOkRLR8G/4IQUvNbNaGZn1zthqqQhz3t3pqZnZufmFxZLS8srq2vu+sa1STItsC4SlehGCAaVjLFOkhQ2Uo0QhQpvwsHpSL+5RW1kEl/RMMVWBL1YdqUAslTb3Q26GkTuF3lwbl0daOeBUWD6PNj+eudF0XbLXsUbF/8L/Akos0ldtN2PoJOILMKYhB1mmr6XUisHTVIoLEpBZjAFMYAeNi2MIULTysfXFHwvM0AJT1FzqfiYxO+OHCJjhlFoOyOgvvmtjcj/tGZG3eNWLuM0I4zFaBFJheNFRmhpY0LekRqJYPRz5DLmAjQQoZYchLBkZnMr2Tz839f/BdcHFf+wUr2slmsnk2QW2BbbYfvMZ0esxs7YBaszwe7YA3tkT8698+y8OK9frVPOxLPJfpTz9glilJ+F</latexit>

1

⇤/L

<latexit sha1_base64="P0T/0dfjtDEwTLn6PclR65P4TXM=">AAACDnicbVA9SwNBEN3zM8avqJ02q0GwCnciahm0sUgRwRghd4S5zWiW7H2wOyfIEfAn+CtstbITW/+Chf/FvZhCo7PN4703MzsvTJU05LofztT0zOzcfGmhvLi0vLJaWVu/NEmmBbZEohJ9FYJBJWNskSSFV6lGiEKF7XBwWujtW9RGJvEF3aUYRHATy2spgCzVrWz6DWvuQTf3jQLT5/7292sMu5WqW3NHxf8CbwyqbFzNbuXT7yUiizAmYWeZjuemFOSgSQqFw7KfGUxBDOAGOxbGEKEJ8tENQ76bGaCEp6i5VHxE4s+OHCJj7qLQOiOgvpnUCvI/rZPR9XGQyzjNCGNRLCKpcLTICC1tOMh7UiMRFD9HLmMuQAMRaslBCEtmNq2yzcObvP4vuNyveYe1g/ODav1knEyJbbEdtsc8dsTq7Iw1WYsJds8e2RN7dh6cF+fVefu2Tjnjng32q5z3LxH1mwg=</latexit>

⇤/L Neutrino mass 
<latexit sha1_base64="6aXTiz3tnVgTFYc8lFZDhq4b208=">AAACEXicbVC7SgNBFJ2NrxhfUUsRBoNgIWFXgloGbSwjmAdkQ5id3MQhM7PLzF0xLKn8BL/CVis7sfULLPwXN2sKTTzV4Zx7ufecIJLCout+OrmFxaXllfxqYW19Y3OruL3TsGFsONR5KEPTCpgFKTTUUaCEVmSAqUBCMxheTvzmHRgrQn2Dowg6ig206AvOMJW6xX3V9XVMfSsUdcuef0ypj3CPRiXQGHeLJbfsZqDzxJuSEpmi1i1++b2Qxwo0csmsbXtuhJ2EGRRcwrjgxxYixodsAO2UaqbAdpIsxpgexpZhSCMwVEiaifB7I2HK2pEK0knF8NbOehPxP68dY/+8kwgdxQiaTw6hkJAdstyItB+gPWEAkU0+Byo05cwwRDCCMs5TMU4LK6R9eLPp50njpOydlivXlVL1YtpMnuyRA3JEPHJGquSK1EidcPJAnsgzeXEenVfnzXn/Gc05051d8gfOxzdqPJxV</latexit>

m⌫ ⇠ 0.1 eV
<latexit sha1_base64="fB38cc9zRVrkNvUVUVFeSW1qqKs=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiQJFNoqACkVQQBkk8pCSEJ0vm3DK+aG7NSKyzCfwFbRQ0SFa/oGCf8E2LiAw24xmdrW74wRSaLSsD6MwMzs3v1BcLC0tr6yumesbTe2HikOD+9JXbYdpkMKDBgqU0A4UMNeR0HLGZ6nfugWlhe9d4SSAnstGnhgKzjCR+ubWiW1dR3Y17u4nhXCHyo3OoRn3zbJVsTLQv8TOSZnkqPfNz+7A56ELHnLJtO7YVoC9iCkUXEJc6oYaAsbHbASdhHrMBd2Lsg9iuhtqhj4NQFEhaSbCz4mIuVpPXCfpdBne6GkvFf/zOiEOj3uR8IIQwePpIhQSskWaK5FEA3QgFCCy9HKgwqOcKYYISlDGeSKGSValJA97+vu/pHlQsQ8r1ctquXaaJ1Mk22SH7BGbHJEauSB10iCc3JNH8kSejQfjxXg13r5bC0Y+s0l+wXj/Agfwmo0=</latexit>

> 1014 GeV

FCs



10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

Laws of nature governed by  
(emerging) symmetries

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

<latexit sha1_base64="tib6+nugpTuShs3xar6Plu1oyHs=">AAACGHicbVC7TgMxEPTxJrwOKGkMAYkqukMRUEbQUFCARCBSLor2nE1ixfeQvYcUne4H+AS+ghYqOkRLR8G/4IQUvNbNaGZn1zthqqQhz3t3pqZnZufmFxZLS8srq2vu+sa1STItsC4SlehGCAaVjLFOkhQ2Uo0QhQpvwsHpSL+5RW1kEl/RMMVWBL1YdqUAslTb3Q26GkTuF3lwbl0daOeBUWD6PNj+eudF0XbLXsUbF/8L/Akos0ldtN2PoJOILMKYhB1mmr6XUisHTVIoLEpBZjAFMYAeNi2MIULTysfXFHwvM0AJT1FzqfiYxO+OHCJjhlFoOyOgvvmtjcj/tGZG3eNWLuM0I4zFaBFJheNFRmhpY0LekRqJYPRz5DLmAjQQoZYchLBkZnMr2Tz839f/BdcHFf+wUr2slmsnk2QW2BbbYfvMZ0esxs7YBaszwe7YA3tkT8698+y8OK9frVPOxLPJfpTz9glilJ+F</latexit>

1

⇤/L

<latexit sha1_base64="P0T/0dfjtDEwTLn6PclR65P4TXM=">AAACDnicbVA9SwNBEN3zM8avqJ02q0GwCnciahm0sUgRwRghd4S5zWiW7H2wOyfIEfAn+CtstbITW/+Chf/FvZhCo7PN4703MzsvTJU05LofztT0zOzcfGmhvLi0vLJaWVu/NEmmBbZEohJ9FYJBJWNskSSFV6lGiEKF7XBwWujtW9RGJvEF3aUYRHATy2spgCzVrWz6DWvuQTf3jQLT5/7292sMu5WqW3NHxf8CbwyqbFzNbuXT7yUiizAmYWeZjuemFOSgSQqFw7KfGUxBDOAGOxbGEKEJ8tENQ76bGaCEp6i5VHxE4s+OHCJj7qLQOiOgvpnUCvI/rZPR9XGQyzjNCGNRLCKpcLTICC1tOMh7UiMRFD9HLmMuQAMRaslBCEtmNq2yzcObvP4vuNyveYe1g/ODav1knEyJbbEdtsc8dsTq7Iw1WYsJds8e2RN7dh6cF+fVefu2Tjnjng32q5z3LxH1mwg=</latexit>

⇤/L Neutrino mass 
<latexit sha1_base64="6aXTiz3tnVgTFYc8lFZDhq4b208=">AAACEXicbVC7SgNBFJ2NrxhfUUsRBoNgIWFXgloGbSwjmAdkQ5id3MQhM7PLzF0xLKn8BL/CVis7sfULLPwXN2sKTTzV4Zx7ufecIJLCout+OrmFxaXllfxqYW19Y3OruL3TsGFsONR5KEPTCpgFKTTUUaCEVmSAqUBCMxheTvzmHRgrQn2Dowg6ig206AvOMJW6xX3V9XVMfSsUdcuef0ypj3CPRiXQGHeLJbfsZqDzxJuSEpmi1i1++b2Qxwo0csmsbXtuhJ2EGRRcwrjgxxYixodsAO2UaqbAdpIsxpgexpZhSCMwVEiaifB7I2HK2pEK0knF8NbOehPxP68dY/+8kwgdxQiaTw6hkJAdstyItB+gPWEAkU0+Byo05cwwRDCCMs5TMU4LK6R9eLPp50njpOydlivXlVL1YtpMnuyRA3JEPHJGquSK1EidcPJAnsgzeXEenVfnzXn/Gc05051d8gfOxzdqPJxV</latexit>

m⌫ ⇠ 0.1 eV
<latexit sha1_base64="fB38cc9zRVrkNvUVUVFeSW1qqKs=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiQJFNoqACkVQQBkk8pCSEJ0vm3DK+aG7NSKyzCfwFbRQ0SFa/oGCf8E2LiAw24xmdrW74wRSaLSsD6MwMzs3v1BcLC0tr6yumesbTe2HikOD+9JXbYdpkMKDBgqU0A4UMNeR0HLGZ6nfugWlhe9d4SSAnstGnhgKzjCR+ubWiW1dR3Y17u4nhXCHyo3OoRn3zbJVsTLQv8TOSZnkqPfNz+7A56ELHnLJtO7YVoC9iCkUXEJc6oYaAsbHbASdhHrMBd2Lsg9iuhtqhj4NQFEhaSbCz4mIuVpPXCfpdBne6GkvFf/zOiEOj3uR8IIQwePpIhQSskWaK5FEA3QgFCCy9HKgwqOcKYYISlDGeSKGSValJA97+vu/pHlQsQ8r1ctquXaaJ1Mk22SH7BGbHJEauSB10iCc3JNH8kSejQfjxXg13r5bC0Y+s0l+wXj/Agfwmo0=</latexit>

> 1014 GeV

FCs



<latexit sha1_base64="zJ6K2h+EKNbjjwyLVMPmNnH+IKc=">AAACB3icbVC7TgJBFJ3FF+ILpbSZSEysyC4hakm0sbDARB4JILk7XHDC7CMzd03IZj/Ar7DVys7Y+hkW/osLbqHgqU7OuSf33uOGShqy7U8rt7K6tr6R3yxsbe/s7hX3D1omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8uZ335AbWTg39I0xL4HY1+OpABKpUGx1BtpELGTxL3rNDWEu2oyKJbtij0HXyZORsosQ2NQ/OoNAxF56JNQYEzXsUPqx6BJCoVJoRcZDEFMYIzdlPrgoenH8+MTfhwZoICHqLlUfC7i70QMnjFTz00nPaB7s+jNxP+8bkSj834s/TAi9MVsEUmF80VGaJm2gnwoNRLB7HLk0ucCNBChlhyESMUoramQ9uEsfr9MWtWKc1qp3dTK9YusmTw7ZEfshDnsjNXZFWuwJhNsyp7YM3uxHq1X6816/xnNWVmmxP7A+vgGe2yZPQ==</latexit>

1

⇤2

10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

Laws of nature governed by  
(emerging) symmetries

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

<latexit sha1_base64="tib6+nugpTuShs3xar6Plu1oyHs=">AAACGHicbVC7TgMxEPTxJrwOKGkMAYkqukMRUEbQUFCARCBSLor2nE1ixfeQvYcUne4H+AS+ghYqOkRLR8G/4IQUvNbNaGZn1zthqqQhz3t3pqZnZufmFxZLS8srq2vu+sa1STItsC4SlehGCAaVjLFOkhQ2Uo0QhQpvwsHpSL+5RW1kEl/RMMVWBL1YdqUAslTb3Q26GkTuF3lwbl0daOeBUWD6PNj+eudF0XbLXsUbF/8L/Akos0ldtN2PoJOILMKYhB1mmr6XUisHTVIoLEpBZjAFMYAeNi2MIULTysfXFHwvM0AJT1FzqfiYxO+OHCJjhlFoOyOgvvmtjcj/tGZG3eNWLuM0I4zFaBFJheNFRmhpY0LekRqJYPRz5DLmAjQQoZYchLBkZnMr2Tz839f/BdcHFf+wUr2slmsnk2QW2BbbYfvMZ0esxs7YBaszwe7YA3tkT8698+y8OK9frVPOxLPJfpTz9glilJ+F</latexit>

1

⇤/L

<latexit sha1_base64="P0T/0dfjtDEwTLn6PclR65P4TXM=">AAACDnicbVA9SwNBEN3zM8avqJ02q0GwCnciahm0sUgRwRghd4S5zWiW7H2wOyfIEfAn+CtstbITW/+Chf/FvZhCo7PN4703MzsvTJU05LofztT0zOzcfGmhvLi0vLJaWVu/NEmmBbZEohJ9FYJBJWNskSSFV6lGiEKF7XBwWujtW9RGJvEF3aUYRHATy2spgCzVrWz6DWvuQTf3jQLT5/7292sMu5WqW3NHxf8CbwyqbFzNbuXT7yUiizAmYWeZjuemFOSgSQqFw7KfGUxBDOAGOxbGEKEJ8tENQ76bGaCEp6i5VHxE4s+OHCJj7qLQOiOgvpnUCvI/rZPR9XGQyzjNCGNRLCKpcLTICC1tOMh7UiMRFD9HLmMuQAMRaslBCEtmNq2yzcObvP4vuNyveYe1g/ODav1knEyJbbEdtsc8dsTq7Iw1WYsJds8e2RN7dh6cF+fVefu2Tjnjng32q5z3LxH1mwg=</latexit>

⇤/L Neutrino mass 
<latexit sha1_base64="6aXTiz3tnVgTFYc8lFZDhq4b208=">AAACEXicbVC7SgNBFJ2NrxhfUUsRBoNgIWFXgloGbSwjmAdkQ5id3MQhM7PLzF0xLKn8BL/CVis7sfULLPwXN2sKTTzV4Zx7ufecIJLCout+OrmFxaXllfxqYW19Y3OruL3TsGFsONR5KEPTCpgFKTTUUaCEVmSAqUBCMxheTvzmHRgrQn2Dowg6ig206AvOMJW6xX3V9XVMfSsUdcuef0ypj3CPRiXQGHeLJbfsZqDzxJuSEpmi1i1++b2Qxwo0csmsbXtuhJ2EGRRcwrjgxxYixodsAO2UaqbAdpIsxpgexpZhSCMwVEiaifB7I2HK2pEK0knF8NbOehPxP68dY/+8kwgdxQiaTw6hkJAdstyItB+gPWEAkU0+Byo05cwwRDCCMs5TMU4LK6R9eLPp50njpOydlivXlVL1YtpMnuyRA3JEPHJGquSK1EidcPJAnsgzeXEenVfnzXn/Gc05051d8gfOxzdqPJxV</latexit>

m⌫ ⇠ 0.1 eV
<latexit sha1_base64="fB38cc9zRVrkNvUVUVFeSW1qqKs=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiQJFNoqACkVQQBkk8pCSEJ0vm3DK+aG7NSKyzCfwFbRQ0SFa/oGCf8E2LiAw24xmdrW74wRSaLSsD6MwMzs3v1BcLC0tr6yumesbTe2HikOD+9JXbYdpkMKDBgqU0A4UMNeR0HLGZ6nfugWlhe9d4SSAnstGnhgKzjCR+ubWiW1dR3Y17u4nhXCHyo3OoRn3zbJVsTLQv8TOSZnkqPfNz+7A56ELHnLJtO7YVoC9iCkUXEJc6oYaAsbHbASdhHrMBd2Lsg9iuhtqhj4NQFEhaSbCz4mIuVpPXCfpdBne6GkvFf/zOiEOj3uR8IIQwePpIhQSskWaK5FEA3QgFCCy9HKgwqOcKYYISlDGeSKGSValJA97+vu/pHlQsQ8r1ctquXaaJ1Mk22SH7BGbHJEauSB10iCc3JNH8kSejQfjxXg13r5bC0Y+s0l+wXj/Agfwmo0=</latexit>

> 1014 GeV

FCs



<latexit sha1_base64="zJ6K2h+EKNbjjwyLVMPmNnH+IKc=">AAACB3icbVC7TgJBFJ3FF+ILpbSZSEysyC4hakm0sbDARB4JILk7XHDC7CMzd03IZj/Ar7DVys7Y+hkW/osLbqHgqU7OuSf33uOGShqy7U8rt7K6tr6R3yxsbe/s7hX3D1omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8uZ335AbWTg39I0xL4HY1+OpABKpUGx1BtpELGTxL3rNDWEu2oyKJbtij0HXyZORsosQ2NQ/OoNAxF56JNQYEzXsUPqx6BJCoVJoRcZDEFMYIzdlPrgoenH8+MTfhwZoICHqLlUfC7i70QMnjFTz00nPaB7s+jNxP+8bkSj834s/TAi9MVsEUmF80VGaJm2gnwoNRLB7HLk0ucCNBChlhyESMUoramQ9uEsfr9MWtWKc1qp3dTK9YusmTw7ZEfshDnsjNXZFWuwJhNsyp7YM3uxHq1X6816/xnNWVmmxP7A+vgGe2yZPQ==</latexit>

1

⇤2

10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

Laws of nature governed by  
(emerging) symmetries

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

<latexit sha1_base64="tib6+nugpTuShs3xar6Plu1oyHs=">AAACGHicbVC7TgMxEPTxJrwOKGkMAYkqukMRUEbQUFCARCBSLor2nE1ixfeQvYcUne4H+AS+ghYqOkRLR8G/4IQUvNbNaGZn1zthqqQhz3t3pqZnZufmFxZLS8srq2vu+sa1STItsC4SlehGCAaVjLFOkhQ2Uo0QhQpvwsHpSL+5RW1kEl/RMMVWBL1YdqUAslTb3Q26GkTuF3lwbl0daOeBUWD6PNj+eudF0XbLXsUbF/8L/Akos0ldtN2PoJOILMKYhB1mmr6XUisHTVIoLEpBZjAFMYAeNi2MIULTysfXFHwvM0AJT1FzqfiYxO+OHCJjhlFoOyOgvvmtjcj/tGZG3eNWLuM0I4zFaBFJheNFRmhpY0LekRqJYPRz5DLmAjQQoZYchLBkZnMr2Tz839f/BdcHFf+wUr2slmsnk2QW2BbbYfvMZ0esxs7YBaszwe7YA3tkT8698+y8OK9frVPOxLPJfpTz9glilJ+F</latexit>

1

⇤/L

<latexit sha1_base64="P0T/0dfjtDEwTLn6PclR65P4TXM=">AAACDnicbVA9SwNBEN3zM8avqJ02q0GwCnciahm0sUgRwRghd4S5zWiW7H2wOyfIEfAn+CtstbITW/+Chf/FvZhCo7PN4703MzsvTJU05LofztT0zOzcfGmhvLi0vLJaWVu/NEmmBbZEohJ9FYJBJWNskSSFV6lGiEKF7XBwWujtW9RGJvEF3aUYRHATy2spgCzVrWz6DWvuQTf3jQLT5/7292sMu5WqW3NHxf8CbwyqbFzNbuXT7yUiizAmYWeZjuemFOSgSQqFw7KfGUxBDOAGOxbGEKEJ8tENQ76bGaCEp6i5VHxE4s+OHCJj7qLQOiOgvpnUCvI/rZPR9XGQyzjNCGNRLCKpcLTICC1tOMh7UiMRFD9HLmMuQAMRaslBCEtmNq2yzcObvP4vuNyveYe1g/ODav1knEyJbbEdtsc8dsTq7Iw1WYsJds8e2RN7dh6cF+fVefu2Tjnjng32q5z3LxH1mwg=</latexit>

⇤/L Neutrino mass 
<latexit sha1_base64="6aXTiz3tnVgTFYc8lFZDhq4b208=">AAACEXicbVC7SgNBFJ2NrxhfUUsRBoNgIWFXgloGbSwjmAdkQ5id3MQhM7PLzF0xLKn8BL/CVis7sfULLPwXN2sKTTzV4Zx7ufecIJLCout+OrmFxaXllfxqYW19Y3OruL3TsGFsONR5KEPTCpgFKTTUUaCEVmSAqUBCMxheTvzmHRgrQn2Dowg6ig206AvOMJW6xX3V9XVMfSsUdcuef0ypj3CPRiXQGHeLJbfsZqDzxJuSEpmi1i1++b2Qxwo0csmsbXtuhJ2EGRRcwrjgxxYixodsAO2UaqbAdpIsxpgexpZhSCMwVEiaifB7I2HK2pEK0knF8NbOehPxP68dY/+8kwgdxQiaTw6hkJAdstyItB+gPWEAkU0+Byo05cwwRDCCMs5TMU4LK6R9eLPp50njpOydlivXlVL1YtpMnuyRA3JEPHJGquSK1EidcPJAnsgzeXEenVfnzXn/Gc05051d8gfOxzdqPJxV</latexit>

m⌫ ⇠ 0.1 eV
<latexit sha1_base64="fB38cc9zRVrkNvUVUVFeSW1qqKs=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiQJFNoqACkVQQBkk8pCSEJ0vm3DK+aG7NSKyzCfwFbRQ0SFa/oGCf8E2LiAw24xmdrW74wRSaLSsD6MwMzs3v1BcLC0tr6yumesbTe2HikOD+9JXbYdpkMKDBgqU0A4UMNeR0HLGZ6nfugWlhe9d4SSAnstGnhgKzjCR+ubWiW1dR3Y17u4nhXCHyo3OoRn3zbJVsTLQv8TOSZnkqPfNz+7A56ELHnLJtO7YVoC9iCkUXEJc6oYaAsbHbASdhHrMBd2Lsg9iuhtqhj4NQFEhaSbCz4mIuVpPXCfpdBne6GkvFf/zOiEOj3uR8IIQwePpIhQSskWaK5FEA3QgFCCy9HKgwqOcKYYISlDGeSKGSValJA97+vu/pHlQsQ8r1ctquXaaJ1Mk22SH7BGbHJEauSB10iCc3JNH8kSejQfjxXg13r5bC0Y+s0l+wXj/Agfwmo0=</latexit>

> 1014 GeV

FCs



<latexit sha1_base64="zJ6K2h+EKNbjjwyLVMPmNnH+IKc=">AAACB3icbVC7TgJBFJ3FF+ILpbSZSEysyC4hakm0sbDARB4JILk7XHDC7CMzd03IZj/Ar7DVys7Y+hkW/osLbqHgqU7OuSf33uOGShqy7U8rt7K6tr6R3yxsbe/s7hX3D1omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8uZ335AbWTg39I0xL4HY1+OpABKpUGx1BtpELGTxL3rNDWEu2oyKJbtij0HXyZORsosQ2NQ/OoNAxF56JNQYEzXsUPqx6BJCoVJoRcZDEFMYIzdlPrgoenH8+MTfhwZoICHqLlUfC7i70QMnjFTz00nPaB7s+jNxP+8bkSj834s/TAi9MVsEUmF80VGaJm2gnwoNRLB7HLk0ucCNBChlhyESMUoramQ9uEsfr9MWtWKc1qp3dTK9YusmTw7ZEfshDnsjNXZFWuwJhNsyp7YM3uxHq1X6816/xnNWVmmxP7A+vgGe2yZPQ==</latexit>

1

⇤2

10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

Laws of nature governed by  
(emerging) symmetries

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

<latexit sha1_base64="tib6+nugpTuShs3xar6Plu1oyHs=">AAACGHicbVC7TgMxEPTxJrwOKGkMAYkqukMRUEbQUFCARCBSLor2nE1ixfeQvYcUne4H+AS+ghYqOkRLR8G/4IQUvNbNaGZn1zthqqQhz3t3pqZnZufmFxZLS8srq2vu+sa1STItsC4SlehGCAaVjLFOkhQ2Uo0QhQpvwsHpSL+5RW1kEl/RMMVWBL1YdqUAslTb3Q26GkTuF3lwbl0daOeBUWD6PNj+eudF0XbLXsUbF/8L/Akos0ldtN2PoJOILMKYhB1mmr6XUisHTVIoLEpBZjAFMYAeNi2MIULTysfXFHwvM0AJT1FzqfiYxO+OHCJjhlFoOyOgvvmtjcj/tGZG3eNWLuM0I4zFaBFJheNFRmhpY0LekRqJYPRz5DLmAjQQoZYchLBkZnMr2Tz839f/BdcHFf+wUr2slmsnk2QW2BbbYfvMZ0esxs7YBaszwe7YA3tkT8698+y8OK9frVPOxLPJfpTz9glilJ+F</latexit>

1

⇤/L

<latexit sha1_base64="P0T/0dfjtDEwTLn6PclR65P4TXM=">AAACDnicbVA9SwNBEN3zM8avqJ02q0GwCnciahm0sUgRwRghd4S5zWiW7H2wOyfIEfAn+CtstbITW/+Chf/FvZhCo7PN4703MzsvTJU05LofztT0zOzcfGmhvLi0vLJaWVu/NEmmBbZEohJ9FYJBJWNskSSFV6lGiEKF7XBwWujtW9RGJvEF3aUYRHATy2spgCzVrWz6DWvuQTf3jQLT5/7292sMu5WqW3NHxf8CbwyqbFzNbuXT7yUiizAmYWeZjuemFOSgSQqFw7KfGUxBDOAGOxbGEKEJ8tENQ76bGaCEp6i5VHxE4s+OHCJj7qLQOiOgvpnUCvI/rZPR9XGQyzjNCGNRLCKpcLTICC1tOMh7UiMRFD9HLmMuQAMRaslBCEtmNq2yzcObvP4vuNyveYe1g/ODav1knEyJbbEdtsc8dsTq7Iw1WYsJds8e2RN7dh6cF+fVefu2Tjnjng32q5z3LxH1mwg=</latexit>

⇤/L Neutrino mass 
<latexit sha1_base64="6aXTiz3tnVgTFYc8lFZDhq4b208=">AAACEXicbVC7SgNBFJ2NrxhfUUsRBoNgIWFXgloGbSwjmAdkQ5id3MQhM7PLzF0xLKn8BL/CVis7sfULLPwXN2sKTTzV4Zx7ufecIJLCout+OrmFxaXllfxqYW19Y3OruL3TsGFsONR5KEPTCpgFKTTUUaCEVmSAqUBCMxheTvzmHRgrQn2Dowg6ig206AvOMJW6xX3V9XVMfSsUdcuef0ypj3CPRiXQGHeLJbfsZqDzxJuSEpmi1i1++b2Qxwo0csmsbXtuhJ2EGRRcwrjgxxYixodsAO2UaqbAdpIsxpgexpZhSCMwVEiaifB7I2HK2pEK0knF8NbOehPxP68dY/+8kwgdxQiaTw6hkJAdstyItB+gPWEAkU0+Byo05cwwRDCCMs5TMU4LK6R9eLPp50njpOydlivXlVL1YtpMnuyRA3JEPHJGquSK1EidcPJAnsgzeXEenVfnzXn/Gc05051d8gfOxzdqPJxV</latexit>

m⌫ ⇠ 0.1 eV
<latexit sha1_base64="fB38cc9zRVrkNvUVUVFeSW1qqKs=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiQJFNoqACkVQQBkk8pCSEJ0vm3DK+aG7NSKyzCfwFbRQ0SFa/oGCf8E2LiAw24xmdrW74wRSaLSsD6MwMzs3v1BcLC0tr6yumesbTe2HikOD+9JXbYdpkMKDBgqU0A4UMNeR0HLGZ6nfugWlhe9d4SSAnstGnhgKzjCR+ubWiW1dR3Y17u4nhXCHyo3OoRn3zbJVsTLQv8TOSZnkqPfNz+7A56ELHnLJtO7YVoC9iCkUXEJc6oYaAsbHbASdhHrMBd2Lsg9iuhtqhj4NQFEhaSbCz4mIuVpPXCfpdBne6GkvFf/zOiEOj3uR8IIQwePpIhQSskWaK5FEA3QgFCCy9HKgwqOcKYYISlDGeSKGSValJA97+vu/pHlQsQ8r1ctquXaaJ1Mk22SH7BGbHJEauSB10iCc3JNH8kSejQfjxXg13r5bC0Y+s0l+wXj/Agfwmo0=</latexit>

> 1014 GeV

FCs



<latexit sha1_base64="zJ6K2h+EKNbjjwyLVMPmNnH+IKc=">AAACB3icbVC7TgJBFJ3FF+ILpbSZSEysyC4hakm0sbDARB4JILk7XHDC7CMzd03IZj/Ar7DVys7Y+hkW/osLbqHgqU7OuSf33uOGShqy7U8rt7K6tr6R3yxsbe/s7hX3D1omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8uZ335AbWTg39I0xL4HY1+OpABKpUGx1BtpELGTxL3rNDWEu2oyKJbtij0HXyZORsosQ2NQ/OoNAxF56JNQYEzXsUPqx6BJCoVJoRcZDEFMYIzdlPrgoenH8+MTfhwZoICHqLlUfC7i70QMnjFTz00nPaB7s+jNxP+8bkSj834s/TAi9MVsEUmF80VGaJm2gnwoNRLB7HLk0ucCNBChlhyESMUoramQ9uEsfr9MWtWKc1qp3dTK9YusmTw7ZEfshDnsjNXZFWuwJhNsyp7YM3uxHq1X6816/xnNWVmmxP7A+vgGe2yZPQ==</latexit>

1

⇤2

10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

Laws of nature governed by  
(emerging) symmetries

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

<latexit sha1_base64="tib6+nugpTuShs3xar6Plu1oyHs=">AAACGHicbVC7TgMxEPTxJrwOKGkMAYkqukMRUEbQUFCARCBSLor2nE1ixfeQvYcUne4H+AS+ghYqOkRLR8G/4IQUvNbNaGZn1zthqqQhz3t3pqZnZufmFxZLS8srq2vu+sa1STItsC4SlehGCAaVjLFOkhQ2Uo0QhQpvwsHpSL+5RW1kEl/RMMVWBL1YdqUAslTb3Q26GkTuF3lwbl0daOeBUWD6PNj+eudF0XbLXsUbF/8L/Akos0ldtN2PoJOILMKYhB1mmr6XUisHTVIoLEpBZjAFMYAeNi2MIULTysfXFHwvM0AJT1FzqfiYxO+OHCJjhlFoOyOgvvmtjcj/tGZG3eNWLuM0I4zFaBFJheNFRmhpY0LekRqJYPRz5DLmAjQQoZYchLBkZnMr2Tz839f/BdcHFf+wUr2slmsnk2QW2BbbYfvMZ0esxs7YBaszwe7YA3tkT8698+y8OK9frVPOxLPJfpTz9glilJ+F</latexit>

1

⇤/L

<latexit sha1_base64="P0T/0dfjtDEwTLn6PclR65P4TXM=">AAACDnicbVA9SwNBEN3zM8avqJ02q0GwCnciahm0sUgRwRghd4S5zWiW7H2wOyfIEfAn+CtstbITW/+Chf/FvZhCo7PN4703MzsvTJU05LofztT0zOzcfGmhvLi0vLJaWVu/NEmmBbZEohJ9FYJBJWNskSSFV6lGiEKF7XBwWujtW9RGJvEF3aUYRHATy2spgCzVrWz6DWvuQTf3jQLT5/7292sMu5WqW3NHxf8CbwyqbFzNbuXT7yUiizAmYWeZjuemFOSgSQqFw7KfGUxBDOAGOxbGEKEJ8tENQ76bGaCEp6i5VHxE4s+OHCJj7qLQOiOgvpnUCvI/rZPR9XGQyzjNCGNRLCKpcLTICC1tOMh7UiMRFD9HLmMuQAMRaslBCEtmNq2yzcObvP4vuNyveYe1g/ODav1knEyJbbEdtsc8dsTq7Iw1WYsJds8e2RN7dh6cF+fVefu2Tjnjng32q5z3LxH1mwg=</latexit>

⇤/L Neutrino mass 
<latexit sha1_base64="6aXTiz3tnVgTFYc8lFZDhq4b208=">AAACEXicbVC7SgNBFJ2NrxhfUUsRBoNgIWFXgloGbSwjmAdkQ5id3MQhM7PLzF0xLKn8BL/CVis7sfULLPwXN2sKTTzV4Zx7ufecIJLCout+OrmFxaXllfxqYW19Y3OruL3TsGFsONR5KEPTCpgFKTTUUaCEVmSAqUBCMxheTvzmHRgrQn2Dowg6ig206AvOMJW6xX3V9XVMfSsUdcuef0ypj3CPRiXQGHeLJbfsZqDzxJuSEpmi1i1++b2Qxwo0csmsbXtuhJ2EGRRcwrjgxxYixodsAO2UaqbAdpIsxpgexpZhSCMwVEiaifB7I2HK2pEK0knF8NbOehPxP68dY/+8kwgdxQiaTw6hkJAdstyItB+gPWEAkU0+Byo05cwwRDCCMs5TMU4LK6R9eLPp50njpOydlivXlVL1YtpMnuyRA3JEPHJGquSK1EidcPJAnsgzeXEenVfnzXn/Gc05051d8gfOxzdqPJxV</latexit>

m⌫ ⇠ 0.1 eV
<latexit sha1_base64="fB38cc9zRVrkNvUVUVFeSW1qqKs=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiQJFNoqACkVQQBkk8pCSEJ0vm3DK+aG7NSKyzCfwFbRQ0SFa/oGCf8E2LiAw24xmdrW74wRSaLSsD6MwMzs3v1BcLC0tr6yumesbTe2HikOD+9JXbYdpkMKDBgqU0A4UMNeR0HLGZ6nfugWlhe9d4SSAnstGnhgKzjCR+ubWiW1dR3Y17u4nhXCHyo3OoRn3zbJVsTLQv8TOSZnkqPfNz+7A56ELHnLJtO7YVoC9iCkUXEJc6oYaAsbHbASdhHrMBd2Lsg9iuhtqhj4NQFEhaSbCz4mIuVpPXCfpdBne6GkvFf/zOiEOj3uR8IIQwePpIhQSskWaK5FEA3QgFCCy9HKgwqOcKYYISlDGeSKGSValJA97+vu/pHlQsQ8r1ctquXaaJ1Mk22SH7BGbHJEauSB10iCc3JNH8kSejQfjxXg13r5bC0Y+s0l+wXj/Agfwmo0=</latexit>

> 1014 GeV

Quark/Lepton size smaller than 10-20 m 

FCs



<latexit sha1_base64="zJ6K2h+EKNbjjwyLVMPmNnH+IKc=">AAACB3icbVC7TgJBFJ3FF+ILpbSZSEysyC4hakm0sbDARB4JILk7XHDC7CMzd03IZj/Ar7DVys7Y+hkW/osLbqHgqU7OuSf33uOGShqy7U8rt7K6tr6R3yxsbe/s7hX3D1omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8uZ335AbWTg39I0xL4HY1+OpABKpUGx1BtpELGTxL3rNDWEu2oyKJbtij0HXyZORsosQ2NQ/OoNAxF56JNQYEzXsUPqx6BJCoVJoRcZDEFMYIzdlPrgoenH8+MTfhwZoICHqLlUfC7i70QMnjFTz00nPaB7s+jNxP+8bkSj834s/TAi9MVsEUmF80VGaJm2gnwoNRLB7HLk0ucCNBChlhyESMUoramQ9uEsfr9MWtWKc1qp3dTK9YusmTw7ZEfshDnsjNXZFWuwJhNsyp7YM3uxHq1X6816/xnNWVmmxP7A+vgGe2yZPQ==</latexit>

1

⇤2

10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

Laws of nature governed by  
(emerging) symmetries

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

<latexit sha1_base64="tib6+nugpTuShs3xar6Plu1oyHs=">AAACGHicbVC7TgMxEPTxJrwOKGkMAYkqukMRUEbQUFCARCBSLor2nE1ixfeQvYcUne4H+AS+ghYqOkRLR8G/4IQUvNbNaGZn1zthqqQhz3t3pqZnZufmFxZLS8srq2vu+sa1STItsC4SlehGCAaVjLFOkhQ2Uo0QhQpvwsHpSL+5RW1kEl/RMMVWBL1YdqUAslTb3Q26GkTuF3lwbl0daOeBUWD6PNj+eudF0XbLXsUbF/8L/Akos0ldtN2PoJOILMKYhB1mmr6XUisHTVIoLEpBZjAFMYAeNi2MIULTysfXFHwvM0AJT1FzqfiYxO+OHCJjhlFoOyOgvvmtjcj/tGZG3eNWLuM0I4zFaBFJheNFRmhpY0LekRqJYPRz5DLmAjQQoZYchLBkZnMr2Tz839f/BdcHFf+wUr2slmsnk2QW2BbbYfvMZ0esxs7YBaszwe7YA3tkT8698+y8OK9frVPOxLPJfpTz9glilJ+F</latexit>

1

⇤/L

<latexit sha1_base64="P0T/0dfjtDEwTLn6PclR65P4TXM=">AAACDnicbVA9SwNBEN3zM8avqJ02q0GwCnciahm0sUgRwRghd4S5zWiW7H2wOyfIEfAn+CtstbITW/+Chf/FvZhCo7PN4703MzsvTJU05LofztT0zOzcfGmhvLi0vLJaWVu/NEmmBbZEohJ9FYJBJWNskSSFV6lGiEKF7XBwWujtW9RGJvEF3aUYRHATy2spgCzVrWz6DWvuQTf3jQLT5/7292sMu5WqW3NHxf8CbwyqbFzNbuXT7yUiizAmYWeZjuemFOSgSQqFw7KfGUxBDOAGOxbGEKEJ8tENQ76bGaCEp6i5VHxE4s+OHCJj7qLQOiOgvpnUCvI/rZPR9XGQyzjNCGNRLCKpcLTICC1tOMh7UiMRFD9HLmMuQAMRaslBCEtmNq2yzcObvP4vuNyveYe1g/ODav1knEyJbbEdtsc8dsTq7Iw1WYsJds8e2RN7dh6cF+fVefu2Tjnjng32q5z3LxH1mwg=</latexit>

⇤/L Neutrino mass 
<latexit sha1_base64="6aXTiz3tnVgTFYc8lFZDhq4b208=">AAACEXicbVC7SgNBFJ2NrxhfUUsRBoNgIWFXgloGbSwjmAdkQ5id3MQhM7PLzF0xLKn8BL/CVis7sfULLPwXN2sKTTzV4Zx7ufecIJLCout+OrmFxaXllfxqYW19Y3OruL3TsGFsONR5KEPTCpgFKTTUUaCEVmSAqUBCMxheTvzmHRgrQn2Dowg6ig206AvOMJW6xX3V9XVMfSsUdcuef0ypj3CPRiXQGHeLJbfsZqDzxJuSEpmi1i1++b2Qxwo0csmsbXtuhJ2EGRRcwrjgxxYixodsAO2UaqbAdpIsxpgexpZhSCMwVEiaifB7I2HK2pEK0knF8NbOehPxP68dY/+8kwgdxQiaTw6hkJAdstyItB+gPWEAkU0+Byo05cwwRDCCMs5TMU4LK6R9eLPp50njpOydlivXlVL1YtpMnuyRA3JEPHJGquSK1EidcPJAnsgzeXEenVfnzXn/Gc05051d8gfOxzdqPJxV</latexit>

m⌫ ⇠ 0.1 eV
<latexit sha1_base64="fB38cc9zRVrkNvUVUVFeSW1qqKs=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiQJFNoqACkVQQBkk8pCSEJ0vm3DK+aG7NSKyzCfwFbRQ0SFa/oGCf8E2LiAw24xmdrW74wRSaLSsD6MwMzs3v1BcLC0tr6yumesbTe2HikOD+9JXbYdpkMKDBgqU0A4UMNeR0HLGZ6nfugWlhe9d4SSAnstGnhgKzjCR+ubWiW1dR3Y17u4nhXCHyo3OoRn3zbJVsTLQv8TOSZnkqPfNz+7A56ELHnLJtO7YVoC9iCkUXEJc6oYaAsbHbASdhHrMBd2Lsg9iuhtqhj4NQFEhaSbCz4mIuVpPXCfpdBne6GkvFf/zOiEOj3uR8IIQwePpIhQSskWaK5FEA3QgFCCy9HKgwqOcKYYISlDGeSKGSValJA97+vu/pHlQsQ8r1ctquXaaJ1Mk22SH7BGbHJEauSB10iCc3JNH8kSejQfjxXg13r5bC0Y+s0l+wXj/Agfwmo0=</latexit>

> 1014 GeV

Quark/Lepton size smaller than 10-20 m 

FCs



<latexit sha1_base64="zJ6K2h+EKNbjjwyLVMPmNnH+IKc=">AAACB3icbVC7TgJBFJ3FF+ILpbSZSEysyC4hakm0sbDARB4JILk7XHDC7CMzd03IZj/Ar7DVys7Y+hkW/osLbqHgqU7OuSf33uOGShqy7U8rt7K6tr6R3yxsbe/s7hX3D1omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8uZ335AbWTg39I0xL4HY1+OpABKpUGx1BtpELGTxL3rNDWEu2oyKJbtij0HXyZORsosQ2NQ/OoNAxF56JNQYEzXsUPqx6BJCoVJoRcZDEFMYIzdlPrgoenH8+MTfhwZoICHqLlUfC7i70QMnjFTz00nPaB7s+jNxP+8bkSj834s/TAi9MVsEUmF80VGaJm2gnwoNRLB7HLk0ucCNBChlhyESMUoramQ9uEsfr9MWtWKc1qp3dTK9YusmTw7ZEfshDnsjNXZFWuwJhNsyp7YM3uxHq1X6816/xnNWVmmxP7A+vgGe2yZPQ==</latexit>

1

⇤2

10-15 10-35

x

<latexit sha1_base64="GxmaxzZZL+EpWw3HlyXT3jFi/tw=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUUU2igIViqCAMkjkISUmOl824ZTzQ3drRGT5C/gKWqjoEC1fQcG/YJsUkDDVaGZXOztuKIVGy/o0CguLS8srxdXS2vrG5pa5vdPSQaQ4NHkgA9VxmQYpfGiiQAmdUAHzXAltd3yR+e17UFoE/g1OQnA8NvLFUHCGqdQ3985s6za2awntITyg8uJLaCV9s2xVrBx0nthTUiZTNPrmV28Q8MgDH7lkWndtK0QnZgoFl5CUepGGkPExG0E3pT7zQDtxHj+hh5FmGNAQFBWS5iL83oiZp/XEc9NJj+GdnvUy8T+vG+Hw1ImFH0YIPs8OoZCQH9JcibQXoAOhAJFlyYEKn3KmGCIoQRnnqRilRZXSPuzZ7+dJ67hi1yrV62q5fj5tpkj2yQE5IjY5IXVyRRqkSTiJyRN5Ji/Go/FqvBnvP6MFY7qzS/7A+PgGET6ZgQ==</latexit>

> 1016GeV
<latexit sha1_base64="muE+2p0WBH1jm/RVyQAIVhQiKz0=">AAACDnicbVA9TwJBEN3zE/ELtdNmlZhYkTtD1JJgY2GBiQgJR8jcMuDGvY/szpmQC4k/wV9hq5WdsfUvWPhfXJBCwdnm5b03MzsvSJQ05Lqfztz8wuLScm4lv7q2vrFZ2Nq+MXGqBdZFrGLdDMCgkhHWSZLCZqIRwkBhI7g7H+mNe9RGxtE1DRJsh9CPZE8KIEt1Crv+pTV3oZP5RoG55f7+z6sOO4WiW3LHxWeBNwFFNqlap/ Dld2ORhhiRsLNMy3MTamegSQqFw7yfGkxA3EEfWxZGEKJpZ+MbhvwwNUAxT1BzqfiYxN8dGYTGDMLAOkOgWzOtjcj/tFZKvbN2JqMkJYzEaBFJheNFRmhpw0HelRqJYPRz5DLiAjQQoZYchLBkatPK2zy86etnwc1xyTspla/KxUp1kkyO7bEDdsQ8dsoq7ILVWJ0J9sCe2DN7cR6dV+fNef+xzjmTnh32p5yPbwJVmv4=</latexit>

⇤/B

High-Energy Particle Physics

Proton lifetime
<latexit sha1_base64="VxR+LRKL+I8zJIYdxghiXis59sk=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIUiaCiDRB5SYqLzZRNOOZ9Pd2ukyIrEV9BCRYdo+RUK/gXbpICEqUYzu9rZCbQUFl3301lYXFpeWS2sFdc3Nre2Szu7TRvFhkODRzIy7YBZkEJBAwVKaGsDLAwktILRVea3HsBYEalbHGvwQzZUYiA4w1TqYk9feO5dclKdjHulsltxc9B54k1JmUxR75W+uv2IxyEo5JJZ2/FcjX7CDAouYVLsxhY04yM2hE5KFQvB+kmeeUIPY8swohoMFZLmIvzeSFho7TgM0smQ4b2d9TLxP68T4+DcT4TSMYLi2SEUEvJDlhuRlgG0Lwwgsiw5UKEoZ4YhghGUcZ6KcdpOMe3Dm/1+njSPK95ppXpTLdcup80UyD45IEfEI2ekRq5JnTQIJ5o8kWfy4jw6r86b8/4zuuBMd/bIHzgf3908lZg=</latexit>

tp > 1034y

Laws of nature governed by  
(emerging) symmetries

<latexit sha1_base64="3O6DKLqsd1EPTWoGVNlIrmrKEbE=">AAACGnicbVC5TgMxEPVyhnAFKGkMEYgq2o0ioEShoaAIEgGkbIhmnQmx4j1kzyKh1f4Bn8BX0EJFh2hpKPgXnKPgGjdP782b8bwgUdKQ6344U9Mzs3PzhYXi4tLyymppbf3CxKkW2BSxivVVAAaVjLBJkhReJRohDBReBoPjoX55i9rIODqnuwTbIdxEsicFkKU6pV2/p0FkXp75p9bVhU7mGwWmz/2t8avn19W8Uyq7FXdU/C/wJqDMJtXolD79bizSECMSdpxpeW5C7Qw0SaEwL/qpwQTEAG6wZWEEIZp2Nron5zupAYp5gppLxUckfndkEBpzFwa2MwTqm9/akPxPa6XUO2xnMkpSwkgMF5FUOFpkhJY2KORdqZEIhj9HLiMuQAMRaslBCEumNrmizcP7ff1fcFGtePuV2lmtfFSfJFNgm2yb7TGPHbAjdsIarMkEu2eP7Ik9Ow/Oi/PqvI1bp5yJZ4P9KOf9C5e7oB8=</latexit>

1

⇤2
/B

<latexit sha1_base64="tib6+nugpTuShs3xar6Plu1oyHs=">AAACGHicbVC7TgMxEPTxJrwOKGkMAYkqukMRUEbQUFCARCBSLor2nE1ixfeQvYcUne4H+AS+ghYqOkRLR8G/4IQUvNbNaGZn1zthqqQhz3t3pqZnZufmFxZLS8srq2vu+sa1STItsC4SlehGCAaVjLFOkhQ2Uo0QhQpvwsHpSL+5RW1kEl/RMMVWBL1YdqUAslTb3Q26GkTuF3lwbl0daOeBUWD6PNj+eudF0XbLXsUbF/8L/Akos0ldtN2PoJOILMKYhB1mmr6XUisHTVIoLEpBZjAFMYAeNi2MIULTysfXFHwvM0AJT1FzqfiYxO+OHCJjhlFoOyOgvvmtjcj/tGZG3eNWLuM0I4zFaBFJheNFRmhpY0LekRqJYPRz5DLmAjQQoZYchLBkZnMr2Tz839f/BdcHFf+wUr2slmsnk2QW2BbbYfvMZ0esxs7YBaszwe7YA3tkT8698+y8OK9frVPOxLPJfpTz9glilJ+F</latexit>

1

⇤/L

<latexit sha1_base64="P0T/0dfjtDEwTLn6PclR65P4TXM=">AAACDnicbVA9SwNBEN3zM8avqJ02q0GwCnciahm0sUgRwRghd4S5zWiW7H2wOyfIEfAn+CtstbITW/+Chf/FvZhCo7PN4703MzsvTJU05LofztT0zOzcfGmhvLi0vLJaWVu/NEmmBbZEohJ9FYJBJWNskSSFV6lGiEKF7XBwWujtW9RGJvEF3aUYRHATy2spgCzVrWz6DWvuQTf3jQLT5/7292sMu5WqW3NHxf8CbwyqbFzNbuXT7yUiizAmYWeZjuemFOSgSQqFw7KfGUxBDOAGOxbGEKEJ8tENQ76bGaCEp6i5VHxE4s+OHCJj7qLQOiOgvpnUCvI/rZPR9XGQyzjNCGNRLCKpcLTICC1tOMh7UiMRFD9HLmMuQAMRaslBCEtmNq2yzcObvP4vuNyveYe1g/ODav1knEyJbbEdtsc8dsTq7Iw1WYsJds8e2RN7dh6cF+fVefu2Tjnjng32q5z3LxH1mwg=</latexit>

⇤/L Neutrino mass 
<latexit sha1_base64="6aXTiz3tnVgTFYc8lFZDhq4b208=">AAACEXicbVC7SgNBFJ2NrxhfUUsRBoNgIWFXgloGbSwjmAdkQ5id3MQhM7PLzF0xLKn8BL/CVis7sfULLPwXN2sKTTzV4Zx7ufecIJLCout+OrmFxaXllfxqYW19Y3OruL3TsGFsONR5KEPTCpgFKTTUUaCEVmSAqUBCMxheTvzmHRgrQn2Dowg6ig206AvOMJW6xX3V9XVMfSsUdcuef0ypj3CPRiXQGHeLJbfsZqDzxJuSEpmi1i1++b2Qxwo0csmsbXtuhJ2EGRRcwrjgxxYixodsAO2UaqbAdpIsxpgexpZhSCMwVEiaifB7I2HK2pEK0knF8NbOehPxP68dY/+8kwgdxQiaTw6hkJAdstyItB+gPWEAkU0+Byo05cwwRDCCMs5TMU4LK6R9eLPp50njpOydlivXlVL1YtpMnuyRA3JEPHJGquSK1EidcPJAnsgzeXEenVfnzXn/Gc05051d8gfOxzdqPJxV</latexit>

m⌫ ⇠ 0.1 eV
<latexit sha1_base64="fB38cc9zRVrkNvUVUVFeSW1qqKs=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiQJFNoqACkVQQBkk8pCSEJ0vm3DK+aG7NSKyzCfwFbRQ0SFa/oGCf8E2LiAw24xmdrW74wRSaLSsD6MwMzs3v1BcLC0tr6yumesbTe2HikOD+9JXbYdpkMKDBgqU0A4UMNeR0HLGZ6nfugWlhe9d4SSAnstGnhgKzjCR+ubWiW1dR3Y17u4nhXCHyo3OoRn3zbJVsTLQv8TOSZnkqPfNz+7A56ELHnLJtO7YVoC9iCkUXEJc6oYaAsbHbASdhHrMBd2Lsg9iuhtqhj4NQFEhaSbCz4mIuVpPXCfpdBne6GkvFf/zOiEOj3uR8IIQwePpIhQSskWaK5FEA3QgFCCy9HKgwqOcKYYISlDGeSKGSValJA97+vu/pHlQsQ8r1ctquXaaJ1Mk22SH7BGbHJEauSB10iCc3JNH8kSejQfjxXg13r5bC0Y+s0l+wXj/Agfwmo0=</latexit>

> 1014 GeV

Quark/Lepton size smaller than 10-20 m 

FCs



What is the size of the Higgs boson?

One question for future colliders:



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

QCD resonances
<latexit sha1_base64="bxtjWiWI6orNwS8ijylEr44F994=">AAACFXicbVC7TsNAEDyHVwgvAyXNQYREFdkoAkoEBRQUQSIhUhJF62MDJ+5s626NhCzXfAJfQQsVHaKlpuBfsE0KXlPNzuxqdyeIlbTkee9OZWJyanqmOlubm19YXHKXVzo2SozAtohUZLoBWFQyxDZJUtiNDYIOFJ4H14eFf36DxsooPKPbGAcaLkM5kgIol4bu+knfSt0fGRCpn6U6+1EeYScbunWv4ZXgf4k/JnU2RmvofvQvIpFoDEkosLbnezENUjAkhcKs1k8sxiCu4RJ7OQ1Box2k5SsZ30wsUMRjNFwqXor4fSIFbe2tDvJODXRlf3uF+J/XS2i0N0hlGCeEoSgWkVRYLrLCyDwj5BfSIBEUlyOXIRdggAiN5CBELiZ5aLU8D//3939JZ7vh7zSap836/sE4mSpbYxtsi/lsl+2zY9ZibSbYHXtgj+zJuXeenRfn9au14oxnVtkPOG+fWHefug==</latexit>

L ⇠ 1

m
⇠ 1

GeV



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

QCD resonances
<latexit sha1_base64="bxtjWiWI6orNwS8ijylEr44F994=">AAACFXicbVC7TsNAEDyHVwgvAyXNQYREFdkoAkoEBRQUQSIhUhJF62MDJ+5s626NhCzXfAJfQQsVHaKlpuBfsE0KXlPNzuxqdyeIlbTkee9OZWJyanqmOlubm19YXHKXVzo2SozAtohUZLoBWFQyxDZJUtiNDYIOFJ4H14eFf36DxsooPKPbGAcaLkM5kgIol4bu+knfSt0fGRCpn6U6+1EeYScbunWv4ZXgf4k/JnU2RmvofvQvIpFoDEkosLbnezENUjAkhcKs1k8sxiCu4RJ7OQ1Box2k5SsZ30wsUMRjNFwqXor4fSIFbe2tDvJODXRlf3uF+J/XS2i0N0hlGCeEoSgWkVRYLrLCyDwj5BfSIBEUlyOXIRdggAiN5CBELiZ5aLU8D//3939JZ7vh7zSap836/sE4mSpbYxtsi/lsl+2zY9ZibSbYHXtgj+zJuXeenRfn9au14oxnVtkPOG+fWHefug==</latexit>

L ⇠ 1

m
⇠ 1

GeV

Pions
<latexit sha1_base64="O/6sDT+pDZrdgSstbM7LXUHIyuI=">AAACGnicbZC7TsNAEEXX4R1eBkqaFRGIKrIRAkoEBRQUQSIJUhJF42UCq+za1u4YCVn+Az6Br6CFig7R0lDwL9gmEs+prs6d0czcIFbSkue9OZWx8YnJqemZ6uzc/MKiu7TcslFiBDZFpCJzHoBFJUNskiSF57FB0IHCdjA8LPz2NRoro/CMbmLsabgM5UAKoBz13Y2TrpW6OzAgUj9LfY/r7It49ZwdYSvruzWv7pXF/wp/JGpsVI2++969iESiMSShwNqO78XUS8GQFAqzajexGIMYwiV2chmCRttLy38yvp5YoIjHaLhUvIT4fSIFbe2NDvJODXRlf3sF/M/rJDTY66UyjBPCUBSLSCosF1lhZB4U8gtpkAiKy5HLkAswQIRGchAih0meXDXPw//9/V/R2qr7O/Xt0+3a/sEomWm2ytbYJvPZLttnx6zBmkywW3bPHtijc+c8Oc/Oy2drxRnNrLAf5bx+AKJuoMs=</latexit>

L ⇠ 1

10m
⇠ 0.1

GeV



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

QCD resonances
<latexit sha1_base64="bxtjWiWI6orNwS8ijylEr44F994=">AAACFXicbVC7TsNAEDyHVwgvAyXNQYREFdkoAkoEBRQUQSIhUhJF62MDJ+5s626NhCzXfAJfQQsVHaKlpuBfsE0KXlPNzuxqdyeIlbTkee9OZWJyanqmOlubm19YXHKXVzo2SozAtohUZLoBWFQyxDZJUtiNDYIOFJ4H14eFf36DxsooPKPbGAcaLkM5kgIol4bu+knfSt0fGRCpn6U6+1EeYScbunWv4ZXgf4k/JnU2RmvofvQvIpFoDEkosLbnezENUjAkhcKs1k8sxiCu4RJ7OQ1Box2k5SsZ30wsUMRjNFwqXor4fSIFbe2tDvJODXRlf3uF+J/XS2i0N0hlGCeEoSgWkVRYLrLCyDwj5BfSIBEUlyOXIRdggAiN5CBELiZ5aLU8D//3939JZ7vh7zSap836/sE4mSpbYxtsi/lsl+2zY9ZibSbYHXtgj+zJuXeenRfn9au14oxnVtkPOG+fWHefug==</latexit>

L ⇠ 1

m
⇠ 1

GeV

Pions
<latexit sha1_base64="O/6sDT+pDZrdgSstbM7LXUHIyuI=">AAACGnicbZC7TsNAEEXX4R1eBkqaFRGIKrIRAkoEBRQUQSIJUhJF42UCq+za1u4YCVn+Az6Br6CFig7R0lDwL9gmEs+prs6d0czcIFbSkue9OZWx8YnJqemZ6uzc/MKiu7TcslFiBDZFpCJzHoBFJUNskiSF57FB0IHCdjA8LPz2NRoro/CMbmLsabgM5UAKoBz13Y2TrpW6OzAgUj9LfY/r7It49ZwdYSvruzWv7pXF/wp/JGpsVI2++969iESiMSShwNqO78XUS8GQFAqzajexGIMYwiV2chmCRttLy38yvp5YoIjHaLhUvIT4fSIFbe2NDvJODXRlf3sF/M/rJDTY66UyjBPCUBSLSCosF1lhZB4U8gtpkAiKy5HLkAswQIRGchAih0meXDXPw//9/V/R2qr7O/Xt0+3a/sEomWm2ytbYJvPZLttnx6zBmkywW3bPHtijc+c8Oc/Oy2drxRnNrLAf5bx+AKJuoMs=</latexit>

L ⇠ 1

10m
⇠ 0.1

GeV
Pseudo Goldstone Bosons



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

QCD resonances
<latexit sha1_base64="bxtjWiWI6orNwS8ijylEr44F994=">AAACFXicbVC7TsNAEDyHVwgvAyXNQYREFdkoAkoEBRQUQSIhUhJF62MDJ+5s626NhCzXfAJfQQsVHaKlpuBfsE0KXlPNzuxqdyeIlbTkee9OZWJyanqmOlubm19YXHKXVzo2SozAtohUZLoBWFQyxDZJUtiNDYIOFJ4H14eFf36DxsooPKPbGAcaLkM5kgIol4bu+knfSt0fGRCpn6U6+1EeYScbunWv4ZXgf4k/JnU2RmvofvQvIpFoDEkosLbnezENUjAkhcKs1k8sxiCu4RJ7OQ1Box2k5SsZ30wsUMRjNFwqXor4fSIFbe2tDvJODXRlf3uF+J/XS2i0N0hlGCeEoSgWkVRYLrLCyDwj5BfSIBEUlyOXIRdggAiN5CBELiZ5aLU8D//3939JZ7vh7zSap836/sE4mSpbYxtsi/lsl+2zY9ZibSbYHXtgj+zJuXeenRfn9au14oxnVtkPOG+fWHefug==</latexit>

L ⇠ 1

m
⇠ 1

GeV

Pions
<latexit sha1_base64="O/6sDT+pDZrdgSstbM7LXUHIyuI=">AAACGnicbZC7TsNAEEXX4R1eBkqaFRGIKrIRAkoEBRQUQSIJUhJF42UCq+za1u4YCVn+Az6Br6CFig7R0lDwL9gmEs+prs6d0czcIFbSkue9OZWx8YnJqemZ6uzc/MKiu7TcslFiBDZFpCJzHoBFJUNskiSF57FB0IHCdjA8LPz2NRoro/CMbmLsabgM5UAKoBz13Y2TrpW6OzAgUj9LfY/r7It49ZwdYSvruzWv7pXF/wp/JGpsVI2++969iESiMSShwNqO78XUS8GQFAqzajexGIMYwiV2chmCRttLy38yvp5YoIjHaLhUvIT4fSIFbe2NDvJODXRlf3sF/M/rJDTY66UyjBPCUBSLSCosF1lhZB4U8gtpkAiKy5HLkAswQIRGchAih0meXDXPw//9/V/R2qr7O/Xt0+3a/sEomWm2ytbYJvPZLttnx6zBmkywW3bPHtijc+c8Oc/Oy2drxRnNrLAf5bx+AKJuoMs=</latexit>

L ⇠ 1

10m
⇠ 0.1

GeV
Pseudo Goldstone Bosons

.

Higgs in the “SM+Grav”
<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

QCD resonances
<latexit sha1_base64="bxtjWiWI6orNwS8ijylEr44F994=">AAACFXicbVC7TsNAEDyHVwgvAyXNQYREFdkoAkoEBRQUQSIhUhJF62MDJ+5s626NhCzXfAJfQQsVHaKlpuBfsE0KXlPNzuxqdyeIlbTkee9OZWJyanqmOlubm19YXHKXVzo2SozAtohUZLoBWFQyxDZJUtiNDYIOFJ4H14eFf36DxsooPKPbGAcaLkM5kgIol4bu+knfSt0fGRCpn6U6+1EeYScbunWv4ZXgf4k/JnU2RmvofvQvIpFoDEkosLbnezENUjAkhcKs1k8sxiCu4RJ7OQ1Box2k5SsZ30wsUMRjNFwqXor4fSIFbe2tDvJODXRlf3uF+J/XS2i0N0hlGCeEoSgWkVRYLrLCyDwj5BfSIBEUlyOXIRdggAiN5CBELiZ5aLU8D//3939JZ7vh7zSap836/sE4mSpbYxtsi/lsl+2zY9ZibSbYHXtgj+zJuXeenRfn9au14oxnVtkPOG+fWHefug==</latexit>

L ⇠ 1

m
⇠ 1

GeV

Pions
<latexit sha1_base64="O/6sDT+pDZrdgSstbM7LXUHIyuI=">AAACGnicbZC7TsNAEEXX4R1eBkqaFRGIKrIRAkoEBRQUQSIJUhJF42UCq+za1u4YCVn+Az6Br6CFig7R0lDwL9gmEs+prs6d0czcIFbSkue9OZWx8YnJqemZ6uzc/MKiu7TcslFiBDZFpCJzHoBFJUNskiSF57FB0IHCdjA8LPz2NRoro/CMbmLsabgM5UAKoBz13Y2TrpW6OzAgUj9LfY/r7It49ZwdYSvruzWv7pXF/wp/JGpsVI2++969iESiMSShwNqO78XUS8GQFAqzajexGIMYwiV2chmCRttLy38yvp5YoIjHaLhUvIT4fSIFbe2NDvJODXRlf3sF/M/rJDTY66UyjBPCUBSLSCosF1lhZB4U8gtpkAiKy5HLkAswQIRGchAih0meXDXPw//9/V/R2qr7O/Xt0+3a/sEomWm2ytbYJvPZLttnx6zBmkywW3bPHtijc+c8Oc/Oy2drxRnNrLAf5bx+AKJuoMs=</latexit>

L ⇠ 1

10m
⇠ 0.1

GeV
Pseudo Goldstone Bosons

.

Higgs in the “SM+Grav”
<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

QCD resonances
<latexit sha1_base64="bxtjWiWI6orNwS8ijylEr44F994=">AAACFXicbVC7TsNAEDyHVwgvAyXNQYREFdkoAkoEBRQUQSIhUhJF62MDJ+5s626NhCzXfAJfQQsVHaKlpuBfsE0KXlPNzuxqdyeIlbTkee9OZWJyanqmOlubm19YXHKXVzo2SozAtohUZLoBWFQyxDZJUtiNDYIOFJ4H14eFf36DxsooPKPbGAcaLkM5kgIol4bu+knfSt0fGRCpn6U6+1EeYScbunWv4ZXgf4k/JnU2RmvofvQvIpFoDEkosLbnezENUjAkhcKs1k8sxiCu4RJ7OQ1Box2k5SsZ30wsUMRjNFwqXor4fSIFbe2tDvJODXRlf3uF+J/XS2i0N0hlGCeEoSgWkVRYLrLCyDwj5BfSIBEUlyOXIRdggAiN5CBELiZ5aLU8D//3939JZ7vh7zSap836/sE4mSpbYxtsi/lsl+2zY9ZibSbYHXtgj+zJuXeenRfn9au14oxnVtkPOG+fWHefug==</latexit>

L ⇠ 1

m
⇠ 1

GeV

Pions
<latexit sha1_base64="O/6sDT+pDZrdgSstbM7LXUHIyuI=">AAACGnicbZC7TsNAEEXX4R1eBkqaFRGIKrIRAkoEBRQUQSIJUhJF42UCq+za1u4YCVn+Az6Br6CFig7R0lDwL9gmEs+prs6d0czcIFbSkue9OZWx8YnJqemZ6uzc/MKiu7TcslFiBDZFpCJzHoBFJUNskiSF57FB0IHCdjA8LPz2NRoro/CMbmLsabgM5UAKoBz13Y2TrpW6OzAgUj9LfY/r7It49ZwdYSvruzWv7pXF/wp/JGpsVI2++969iESiMSShwNqO78XUS8GQFAqzajexGIMYwiV2chmCRttLy38yvp5YoIjHaLhUvIT4fSIFbe2NDvJODXRlf3sF/M/rJDTY66UyjBPCUBSLSCosF1lhZB4U8gtpkAiKy5HLkAswQIRGchAih0meXDXPw//9/V/R2qr7O/Xt0+3a/sEomWm2ytbYJvPZLttnx6zBmkywW3bPHtijc+c8Oc/Oy2drxRnNrLAf5bx+AKJuoMs=</latexit>

L ⇠ 1

10m
⇠ 0.1

GeV
Pseudo Goldstone Bosons

.

Higgs in the “SM+Grav”
<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV

Intuitively*: as localized to smaller distances, quantum 
fluctuation have large energy/mass

* this intuition works in theories where the Higgs mass is calculable, but fails in SUSY where 
quantum fluctuation can cancel each-other out in their contribution to the mass



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

QCD resonances
<latexit sha1_base64="bxtjWiWI6orNwS8ijylEr44F994=">AAACFXicbVC7TsNAEDyHVwgvAyXNQYREFdkoAkoEBRQUQSIhUhJF62MDJ+5s626NhCzXfAJfQQsVHaKlpuBfsE0KXlPNzuxqdyeIlbTkee9OZWJyanqmOlubm19YXHKXVzo2SozAtohUZLoBWFQyxDZJUtiNDYIOFJ4H14eFf36DxsooPKPbGAcaLkM5kgIol4bu+knfSt0fGRCpn6U6+1EeYScbunWv4ZXgf4k/JnU2RmvofvQvIpFoDEkosLbnezENUjAkhcKs1k8sxiCu4RJ7OQ1Box2k5SsZ30wsUMRjNFwqXor4fSIFbe2tDvJODXRlf3uF+J/XS2i0N0hlGCeEoSgWkVRYLrLCyDwj5BfSIBEUlyOXIRdggAiN5CBELiZ5aLU8D//3939JZ7vh7zSap836/sE4mSpbYxtsi/lsl+2zY9ZibSbYHXtgj+zJuXeenRfn9au14oxnVtkPOG+fWHefug==</latexit>

L ⇠ 1

m
⇠ 1

GeV

Pions
<latexit sha1_base64="O/6sDT+pDZrdgSstbM7LXUHIyuI=">AAACGnicbZC7TsNAEEXX4R1eBkqaFRGIKrIRAkoEBRQUQSIJUhJF42UCq+za1u4YCVn+Az6Br6CFig7R0lDwL9gmEs+prs6d0czcIFbSkue9OZWx8YnJqemZ6uzc/MKiu7TcslFiBDZFpCJzHoBFJUNskiSF57FB0IHCdjA8LPz2NRoro/CMbmLsabgM5UAKoBz13Y2TrpW6OzAgUj9LfY/r7It49ZwdYSvruzWv7pXF/wp/JGpsVI2++969iESiMSShwNqO78XUS8GQFAqzajexGIMYwiV2chmCRttLy38yvp5YoIjHaLhUvIT4fSIFbe2NDvJODXRlf3sF/M/rJDTY66UyjBPCUBSLSCosF1lhZB4U8gtpkAiKy5HLkAswQIRGchAih0meXDXPw//9/V/R2qr7O/Xt0+3a/sEomWm2ytbYJvPZLttnx6zBmkywW3bPHtijc+c8Oc/Oy2drxRnNrLAf5bx+AKJuoMs=</latexit>

L ⇠ 1

10m
⇠ 0.1

GeV
Pseudo Goldstone Bosons

At most a loop factor
.

Higgs in the “SM+Grav”
<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV

Intuitively*: as localized to smaller distances, quantum 
fluctuation have large energy/mass

* this intuition works in theories where the Higgs mass is calculable, but fails in SUSY where 
quantum fluctuation can cancel each-other out in their contribution to the mass



The size of spin-0 particles in HEP
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

QCD resonances
<latexit sha1_base64="bxtjWiWI6orNwS8ijylEr44F994=">AAACFXicbVC7TsNAEDyHVwgvAyXNQYREFdkoAkoEBRQUQSIhUhJF62MDJ+5s626NhCzXfAJfQQsVHaKlpuBfsE0KXlPNzuxqdyeIlbTkee9OZWJyanqmOlubm19YXHKXVzo2SozAtohUZLoBWFQyxDZJUtiNDYIOFJ4H14eFf36DxsooPKPbGAcaLkM5kgIol4bu+knfSt0fGRCpn6U6+1EeYScbunWv4ZXgf4k/JnU2RmvofvQvIpFoDEkosLbnezENUjAkhcKs1k8sxiCu4RJ7OQ1Box2k5SsZ30wsUMRjNFwqXor4fSIFbe2tDvJODXRlf3uF+J/XS2i0N0hlGCeEoSgWkVRYLrLCyDwj5BfSIBEUlyOXIRdggAiN5CBELiZ5aLU8D//3939JZ7vh7zSap836/sE4mSpbYxtsi/lsl+2zY9ZibSbYHXtgj+zJuXeenRfn9au14oxnVtkPOG+fWHefug==</latexit>

L ⇠ 1

m
⇠ 1

GeV

Pions
<latexit sha1_base64="O/6sDT+pDZrdgSstbM7LXUHIyuI=">AAACGnicbZC7TsNAEEXX4R1eBkqaFRGIKrIRAkoEBRQUQSIJUhJF42UCq+za1u4YCVn+Az6Br6CFig7R0lDwL9gmEs+prs6d0czcIFbSkue9OZWx8YnJqemZ6uzc/MKiu7TcslFiBDZFpCJzHoBFJUNskiSF57FB0IHCdjA8LPz2NRoro/CMbmLsabgM5UAKoBz13Y2TrpW6OzAgUj9LfY/r7It49ZwdYSvruzWv7pXF/wp/JGpsVI2++969iESiMSShwNqO78XUS8GQFAqzajexGIMYwiV2chmCRttLy38yvp5YoIjHaLhUvIT4fSIFbe2NDvJODXRlf3sF/M/rJDTY66UyjBPCUBSLSCosF1lhZB4U8gtpkAiKy5HLkAswQIRGchAih0meXDXPw//9/V/R2qr7O/Xt0+3a/sEomWm2ytbYJvPZLttnx6zBmkywW3bPHtijc+c8Oc/Oy2drxRnNrLAf5bx+AKJuoMs=</latexit>

L ⇠ 1

10m
⇠ 0.1

GeV
Pseudo Goldstone Bosons

At most a loop factor
.

Higgs in the “SM+Grav”
<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV

Intuitively*: as localized to smaller distances, quantum 
fluctuation have large energy/mass

* this intuition works in theories where the Higgs mass is calculable, but fails in SUSY where 
quantum fluctuation can cancel each-other out in their contribution to the mass



The size of the Higgs
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

.

Technicolor
Composite  
PGB Higgs

Pseudo Goldstone Bosons

At most a loop factor

<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV

<latexit sha1_base64="MsSr8NVTA4dfmHQ/8+T2YEZkbeo=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZCoIhvxKiMooKAIEnlISRStL5tw4s627tZIyPIP8Al8BS1UdIiWjoJ/wQkpSMJUszO72t3xIyUtue6XMzM7N7+wmFvKL6+srq0XNjZrNoyNwKoIVWgaPlhUMsAqSVLYiAyC9hXW/bvzgV+/R2NlGNzQQ4RtDf1A9qQAyqROYfeqZaVu9QyIxEsTnY6V3sHRBdbSTqHoltwh+DTxRqTIRqh0Ct+tbihijQEJBdY2PTeidgKGpFCY5luxxQjEHfSxmdEANNp2Mvwm5XuxBQp5hIZLxYci/p1IQFv7oP2sUwPd2klvIP7nNWPqnbYTGUQxYSAGi0gqHC6ywsgsJuRdaZAIBpcjlwEXYIAIjeQgRCbGWW75LA9v8vtpUjsoecelw+vDYvlslEyObbMdts88dsLK7JJVWJUJ9sie2Qt7dZ6cN+fd+fhtnXFGM1tsDM7nD9t6oHA=</latexit>

L ⇠ 1

m
⇠ 1

125GeV

<latexit sha1_base64="hDF1BHx+eQql/rEEnqce+RSag6Y=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZCoIhtFQBlBQ0ERpLykJIrWxyaccmdbd2ukyPIP8Al8BS1UdIiWjoJ/wQkpCGGq0cyudmf8SElLrvvpLCwuLa+s5tby6xubW9uFnd2GDWMjsC5CFZqWDxaVDLBOkhS2IoOgfYVNf3g59pv3aKwMgxqNIuxqGASyLwVQJvUKh9cdK3Wnb0AkXpp4LtfpjFLDRtorFN2SOwGfJ96UFNkU1V7hq3MbilhjQEKBtW3PjaibgCEpFKb5TmwxAjGEAbYzGoBG200maVJ+FFugkEdouFR8IuLvjQS0tSPtZ5Ma6M7+9cbif147pv55N5FBFBMGYnyIpMLJISuMzGpCfisNEsH4c+Qy4AIMEKGRHITIxDjrLZ/14f1NP08aJyXvtFS+KRcrF9NmcmyfHbBj5rEzVmFXrMrqTLAH9sSe2Yvz6Lw6b877z+iCM93ZYzNwPr4BwLugZg==</latexit>

L ⇠ 1

10m
⇠ 1

TeV

Higgs in the “SM+Grav”

?



The size of the Higgs
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

.

Technicolor
Composite  
PGB Higgs

Pseudo Goldstone Bosons

At most a loop factor

<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV

<latexit sha1_base64="MsSr8NVTA4dfmHQ/8+T2YEZkbeo=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZCoIhvxKiMooKAIEnlISRStL5tw4s627tZIyPIP8Al8BS1UdIiWjoJ/wQkpSMJUszO72t3xIyUtue6XMzM7N7+wmFvKL6+srq0XNjZrNoyNwKoIVWgaPlhUMsAqSVLYiAyC9hXW/bvzgV+/R2NlGNzQQ4RtDf1A9qQAyqROYfeqZaVu9QyIxEsTnY6V3sHRBdbSTqHoltwh+DTxRqTIRqh0Ct+tbihijQEJBdY2PTeidgKGpFCY5luxxQjEHfSxmdEANNp2Mvwm5XuxBQp5hIZLxYci/p1IQFv7oP2sUwPd2klvIP7nNWPqnbYTGUQxYSAGi0gqHC6ywsgsJuRdaZAIBpcjlwEXYIAIjeQgRCbGWW75LA9v8vtpUjsoecelw+vDYvlslEyObbMdts88dsLK7JJVWJUJ9sie2Qt7dZ6cN+fd+fhtnXFGM1tsDM7nD9t6oHA=</latexit>

L ⇠ 1

m
⇠ 1

125GeV

<latexit sha1_base64="hDF1BHx+eQql/rEEnqce+RSag6Y=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZCoIhtFQBlBQ0ERpLykJIrWxyaccmdbd2ukyPIP8Al8BS1UdIiWjoJ/wQkpCGGq0cyudmf8SElLrvvpLCwuLa+s5tby6xubW9uFnd2GDWMjsC5CFZqWDxaVDLBOkhS2IoOgfYVNf3g59pv3aKwMgxqNIuxqGASyLwVQJvUKh9cdK3Wnb0AkXpp4LtfpjFLDRtorFN2SOwGfJ96UFNkU1V7hq3MbilhjQEKBtW3PjaibgCEpFKb5TmwxAjGEAbYzGoBG200maVJ+FFugkEdouFR8IuLvjQS0tSPtZ5Ma6M7+9cbif147pv55N5FBFBMGYnyIpMLJISuMzGpCfisNEsH4c+Qy4AIMEKGRHITIxDjrLZ/14f1NP08aJyXvtFS+KRcrF9NmcmyfHbBj5rEzVmFXrMrqTLAH9sSe2Yvz6Lw6b877z+iCM93ZYzNwPr4BwLugZg==</latexit>

L ⇠ 1

10m
⇠ 1

TeV

Higgs in the “SM+Grav”

LHC

?



The size of the Higgs
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

.

Technicolor
Composite  
PGB Higgs

Pseudo Goldstone Bosons

At most a loop factor

<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV

<latexit sha1_base64="MsSr8NVTA4dfmHQ/8+T2YEZkbeo=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZCoIhvxKiMooKAIEnlISRStL5tw4s627tZIyPIP8Al8BS1UdIiWjoJ/wQkpSMJUszO72t3xIyUtue6XMzM7N7+wmFvKL6+srq0XNjZrNoyNwKoIVWgaPlhUMsAqSVLYiAyC9hXW/bvzgV+/R2NlGNzQQ4RtDf1A9qQAyqROYfeqZaVu9QyIxEsTnY6V3sHRBdbSTqHoltwh+DTxRqTIRqh0Ct+tbihijQEJBdY2PTeidgKGpFCY5luxxQjEHfSxmdEANNp2Mvwm5XuxBQp5hIZLxYci/p1IQFv7oP2sUwPd2klvIP7nNWPqnbYTGUQxYSAGi0gqHC6ywsgsJuRdaZAIBpcjlwEXYIAIjeQgRCbGWW75LA9v8vtpUjsoecelw+vDYvlslEyObbMdts88dsLK7JJVWJUJ9sie2Qt7dZ6cN+fd+fhtnXFGM1tsDM7nD9t6oHA=</latexit>

L ⇠ 1

m
⇠ 1

125GeV

<latexit sha1_base64="hDF1BHx+eQql/rEEnqce+RSag6Y=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZCoIhtFQBlBQ0ERpLykJIrWxyaccmdbd2ukyPIP8Al8BS1UdIiWjoJ/wQkpCGGq0cyudmf8SElLrvvpLCwuLa+s5tby6xubW9uFnd2GDWMjsC5CFZqWDxaVDLBOkhS2IoOgfYVNf3g59pv3aKwMgxqNIuxqGASyLwVQJvUKh9cdK3Wnb0AkXpp4LtfpjFLDRtorFN2SOwGfJ96UFNkU1V7hq3MbilhjQEKBtW3PjaibgCEpFKb5TmwxAjGEAbYzGoBG200maVJ+FFugkEdouFR8IuLvjQS0tSPtZ5Ma6M7+9cbif147pv55N5FBFBMGYnyIpMLJISuMzGpCfisNEsH4c+Qy4AIMEKGRHITIxDjrLZ/14f1NP08aJyXvtFS+KRcrF9NmcmyfHbBj5rEzVmFXrMrqTLAH9sSe2Yvz6Lw6b877z+iCM93ZYzNwPr4BwLugZg==</latexit>

L ⇠ 1

10m
⇠ 1

TeV

Higgs in the “SM+Grav”

LHC
FCs

?



The size of the Higgs
<latexit sha1_base64="vw2BkGh4dFVGh4Q/e2Xx9ggqvGE=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAkoEDQVFkEiCFFvR+tjAibuzdbdGQpYlPoGvoIWKDtHyCxT8C05IwWuq0cyudmfiVElHvv/uTUxOTc/MVuaq8wuLS8u1ldWOSzIrsC0SldjzGBwqabBNkhSepxZBxwq78fXR0O/eoHUyMWd0m2Kk4dLIgRRApdSvrZ/0c5HolBJThE7qcGBB5EGR66Jfq/sNfwT+lwRjUmdjtPq1j/AiEZlGQ0KBc73ATynKwZIUCotqmDlMQVzDJfZKakCji/JRhoJvZQ4o4SlaLhUfifh9Iwft3K2Oy0kNdOV+e0PxP6+X0WA/yqVJM0IjhodIKhwdcsLKshzkF9IiEQw/Ry4NF2CBCK3kIEQpZmVb1bKP4Hf6v6Sz0wh2G83TZv3gcNxMhW2wTbbNArbHDtgxa7E2E+yOPbBH9uTde8/ei/f6NTrhjXfW2A94b59EjJ0L</latexit>

Lcompton ⇠ 1

m

.

Technicolor
Composite  
PGB Higgs

Pseudo Goldstone Bosons

At most a loop factor

<latexit sha1_base64="H+tRxbHR8JoR6zMiYMj4qCkFhC4="></latexit>

L . 1

1017m
⇠ 10�19

GeV

<latexit sha1_base64="MsSr8NVTA4dfmHQ/8+T2YEZkbeo=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZCoIhvxKiMooKAIEnlISRStL5tw4s627tZIyPIP8Al8BS1UdIiWjoJ/wQkpSMJUszO72t3xIyUtue6XMzM7N7+wmFvKL6+srq0XNjZrNoyNwKoIVWgaPlhUMsAqSVLYiAyC9hXW/bvzgV+/R2NlGNzQQ4RtDf1A9qQAyqROYfeqZaVu9QyIxEsTnY6V3sHRBdbSTqHoltwh+DTxRqTIRqh0Ct+tbihijQEJBdY2PTeidgKGpFCY5luxxQjEHfSxmdEANNp2Mvwm5XuxBQp5hIZLxYci/p1IQFv7oP2sUwPd2klvIP7nNWPqnbYTGUQxYSAGi0gqHC6ywsgsJuRdaZAIBpcjlwEXYIAIjeQgRCbGWW75LA9v8vtpUjsoecelw+vDYvlslEyObbMdts88dsLK7JJVWJUJ9sie2Qt7dZ6cN+fd+fhtnXFGM1tsDM7nD9t6oHA=</latexit>

L ⇠ 1

m
⇠ 1

125GeV

<latexit sha1_base64="hDF1BHx+eQql/rEEnqce+RSag6Y=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZCoIhtFQBlBQ0ERpLykJIrWxyaccmdbd2ukyPIP8Al8BS1UdIiWjoJ/wQkpCGGq0cyudmf8SElLrvvpLCwuLa+s5tby6xubW9uFnd2GDWMjsC5CFZqWDxaVDLBOkhS2IoOgfYVNf3g59pv3aKwMgxqNIuxqGASyLwVQJvUKh9cdK3Wnb0AkXpp4LtfpjFLDRtorFN2SOwGfJ96UFNkU1V7hq3MbilhjQEKBtW3PjaibgCEpFKb5TmwxAjGEAbYzGoBG200maVJ+FFugkEdouFR8IuLvjQS0tSPtZ5Ma6M7+9cbif147pv55N5FBFBMGYnyIpMLJISuMzGpCfisNEsH4c+Qy4AIMEKGRHITIxDjrLZ/14f1NP08aJyXvtFS+KRcrF9NmcmyfHbBj5rEzVmFXrMrqTLAH9sSe2Yvz6Lw6b877z+iCM93ZYzNwPr4BwLugZg==</latexit>

L ⇠ 1

10m
⇠ 1

TeV

Higgs in the “SM+Grav”

LHC
FCs

Future colliders will tell us how much the Higgs resembles one of 
the spin-0 particles that we already know, by measuring its size

?



The Hierarchy Problem

EFT decouples:

Small observables ⬄ larger scales

Details of UV not important

<latexit sha1_base64="duEO470j6xu/JmVRafP2IKQmOAw="></latexit>
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FCC will tell us more about these ideas



The Hierarchy Problem

EFT decouples:

Small observables ⬄ larger scales

Details of UV not important

<latexit sha1_base64="duEO470j6xu/JmVRafP2IKQmOAw="></latexit>

L =
X

i

ci
O

(n)
i

⇤n�4
i

FCC will tell us more about these ideas

<latexit sha1_base64="rAuH+S9pGDlWDGXmNafynPbhBG8=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrskuIWhJtKCwwkUfCK3eHC06YfWTmroYAtV9hq5WdsfU7LPwXd5FCwVOdnHNu7r3HDZU0ZNuf1srq2vrGZmorvb2zu7efyR7UTBBpgVURqEA3XDCopI9VkqSwEWoEz1VYd4dXiV+/R21k4N/SKMS2BwNf9qUAiqVuJtu6jsM96JY7BT4pTzqFbiZn5+0Z+DJx5iTH5qh0M1+tXiAiD30SCoxpOnZI7TFokkLhNN2KDIYghjDAZkx98NC0x7PTp/wkMkABD1FzqfhMxN8TY/CMGXlunPSA7syil4j/ec2I+hftsfTDiNAXySKSCmeLjNAy7gR5T2okguRy5NLnAjQQoZYchIjFKC4pHffhLH6/TGqFvHOWL94Uc6XLeTMpdsSO2Slz2DkrsTKrsCoT7IE9sWf2Yj1ar9ab9f4TXbHmM4fsD6yPb8SEl6c=</latexit>

⇤2
H
|H|2

Small observable ⬄ Small scale

Higgs-mass:

?



The Hierarchy Problem

EFT decouples:

Small observables ⬄ larger scales

Details of UV not important

<latexit sha1_base64="duEO470j6xu/JmVRafP2IKQmOAw="></latexit>

L =
X

i

ci
O

(n)
i

⇤n�4
i

Maybe Quantum Gravity solves all of this
(no model/no understanding/not testable)

FCC will tell us more about these ideas

<latexit sha1_base64="rAuH+S9pGDlWDGXmNafynPbhBG8=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrskuIWhJtKCwwkUfCK3eHC06YfWTmroYAtV9hq5WdsfU7LPwXd5FCwVOdnHNu7r3HDZU0ZNuf1srq2vrGZmorvb2zu7efyR7UTBBpgVURqEA3XDCopI9VkqSwEWoEz1VYd4dXiV+/R21k4N/SKMS2BwNf9qUAiqVuJtu6jsM96JY7BT4pTzqFbiZn5+0Z+DJx5iTH5qh0M1+tXiAiD30SCoxpOnZI7TFokkLhNN2KDIYghjDAZkx98NC0x7PTp/wkMkABD1FzqfhMxN8TY/CMGXlunPSA7syil4j/ec2I+hftsfTDiNAXySKSCmeLjNAy7gR5T2okguRy5NLnAjQQoZYchIjFKC4pHffhLH6/TGqFvHOWL94Uc6XLeTMpdsSO2Slz2DkrsTKrsCoT7IE9sWf2Yj1ar9ab9f4TXbHmM4fsD6yPb8SEl6c=</latexit>

⇤2
H
|H|2

Small observable ⬄ Small scale

Higgs-mass:

?



The Hierarchy Problem

EFT decouples:

Small observables ⬄ larger scales

Details of UV not important

<latexit sha1_base64="duEO470j6xu/JmVRafP2IKQmOAw="></latexit>

L =
X

i

ci
O

(n)
i

⇤n�4
i

Maybe Quantum Gravity solves all of this
(no model/no understanding/not testable)

FCC will tell us more about these ideas

<latexit sha1_base64="rAuH+S9pGDlWDGXmNafynPbhBG8=">AAACBXicbVC7TgJBFJ31ifgCLW0mEhMrskuIWhJtKCwwkUfCK3eHC06YfWTmroYAtV9hq5WdsfU7LPwXd5FCwVOdnHNu7r3HDZU0ZNuf1srq2vrGZmorvb2zu7efyR7UTBBpgVURqEA3XDCopI9VkqSwEWoEz1VYd4dXiV+/R21k4N/SKMS2BwNf9qUAiqVuJtu6jsM96JY7BT4pTzqFbiZn5+0Z+DJx5iTH5qh0M1+tXiAiD30SCoxpOnZI7TFokkLhNN2KDIYghjDAZkx98NC0x7PTp/wkMkABD1FzqfhMxN8TY/CMGXlunPSA7syil4j/ec2I+hftsfTDiNAXySKSCmeLjNAy7gR5T2okguRy5NLnAjQQoZYchIjFKC4pHffhLH6/TGqFvHOWL94Uc6XLeTMpdsSO2Slz2DkrsTKrsCoT7IE9sWf2Yj1ar9ab9f4TXbHmM4fsD6yPb8SEl6c=</latexit>

⇤2
H
|H|2

Small observable ⬄ Small scale

Higgs-mass:

?

Theories with finite size Higgs screen us from  
our QG ignorance, and are computable  
and testable at FCC



Is this a good question for e+e- machines?

Lepton colliders designer for precision physics, EFTs…
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="Mzax2yH9GC+un6W1iYRgVDFLv9I=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEyMh80sAsKN6MUjRnkksCGzQ4MTZh+Z6dUQwid41ZM349Xv8eC/uKyYqNE6Vaq609XlRUoaZOzNWlhcWl5Zzaxl1zc2t7ZzO7tNE8ZaQEOEKtRtjxtQMoAGSlTQjjRw31PQ8kbnM791C9rIMLjGcQSuz4eBHEjBMZGuhr3jXi7P7GqVFZ0qZXaJsUKlnBB2UqiUStSxWYo8maPey713+6GIfQhQKG5Mx2ERuhOuUQoF02w3NhBxMeJD6CQ04D4Yd5JGndLD2HAMaQSaSkVTEb5vTLhvzNj3kkmf44357c3Ev7xOjIOKO5FBFCMEYnYIpYL0kBFaJh0A7UsNiHyWHKgMqOCaI4KWlAuRiHFSSjbp4+tp+j9pFmynbBcvi/na2byZDNknB+SIOOSU1MgFqZMGEWRI7skDebTurCfr2Xr5HF2w5jt75Aes1w8BJZJi</latexit>g⇤
<latexit sha1_base64="Mzax2yH9GC+un6W1iYRgVDFLv9I=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEyMh80sAsKN6MUjRnkksCGzQ4MTZh+Z6dUQwid41ZM349Xv8eC/uKyYqNE6Vaq609XlRUoaZOzNWlhcWl5Zzaxl1zc2t7ZzO7tNE8ZaQEOEKtRtjxtQMoAGSlTQjjRw31PQ8kbnM791C9rIMLjGcQSuz4eBHEjBMZGuhr3jXi7P7GqVFZ0qZXaJsUKlnBB2UqiUStSxWYo8maPey713+6GIfQhQKG5Mx2ERuhOuUQoF02w3NhBxMeJD6CQ04D4Yd5JGndLD2HAMaQSaSkVTEb5vTLhvzNj3kkmf44357c3Ev7xOjIOKO5FBFCMEYnYIpYL0kBFaJh0A7UsNiHyWHKgMqOCaI4KWlAuRiHFSSjbp4+tp+j9pFmynbBcvi/na2byZDNknB+SIOOSU1MgFqZMGEWRI7skDebTurCfr2Xr5HF2w5jt75Aes1w8BJZJi</latexit>g⇤



Is this a good question for e+e- machines?

Lepton colliders designer for precision physics, EFTs…

t

serrato µ

ten

As bin

ÈÌ a

Jimi
m = ⇤

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="Mzax2yH9GC+un6W1iYRgVDFLv9I=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEyMh80sAsKN6MUjRnkksCGzQ4MTZh+Z6dUQwid41ZM349Xv8eC/uKyYqNE6Vaq609XlRUoaZOzNWlhcWl5Zzaxl1zc2t7ZzO7tNE8ZaQEOEKtRtjxtQMoAGSlTQjjRw31PQ8kbnM791C9rIMLjGcQSuz4eBHEjBMZGuhr3jXi7P7GqVFZ0qZXaJsUKlnBB2UqiUStSxWYo8maPey713+6GIfQhQKG5Mx2ERuhOuUQoF02w3NhBxMeJD6CQ04D4Yd5JGndLD2HAMaQSaSkVTEb5vTLhvzNj3kkmf44357c3Ev7xOjIOKO5FBFCMEYnYIpYL0kBFaJh0A7UsNiHyWHKgMqOCaI4KWlAuRiHFSSjbp4+tp+j9pFmynbBcvi/na2byZDNknB+SIOOSU1MgFqZMGEWRI7skDebTurCfr2Xr5HF2w5jt75Aes1w8BJZJi</latexit>g⇤
<latexit sha1_base64="Mzax2yH9GC+un6W1iYRgVDFLv9I=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEyMh80sAsKN6MUjRnkksCGzQ4MTZh+Z6dUQwid41ZM349Xv8eC/uKyYqNE6Vaq609XlRUoaZOzNWlhcWl5Zzaxl1zc2t7ZzO7tNE8ZaQEOEKtRtjxtQMoAGSlTQjjRw31PQ8kbnM791C9rIMLjGcQSuz4eBHEjBMZGuhr3jXi7P7GqVFZ0qZXaJsUKlnBB2UqiUStSxWYo8maPey713+6GIfQhQKG5Mx2ERuhOuUQoF02w3NhBxMeJD6CQ04D4Yd5JGndLD2HAMaQSaSkVTEb5vTLhvzNj3kkmf44357c3Ev7xOjIOKO5FBFCMEYnYIpYL0kBFaJh0A7UsNiHyWHKgMqOCaI4KWlAuRiHFSSjbp4+tp+j9pFmynbBcvi/na2byZDNknB+SIOOSU1MgFqZMGEWRI7skDebTurCfr2Xr5HF2w5jt75Aes1w8BJZJi</latexit>g⇤
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As bin

ÈÌ a

Jimi

t
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ten

As bin

ÈÌ a

JimiOi =
( ̄�µ )2

⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="Qib2BgumZuFoKlO7PvGKBpHn0mI=">AAAB93icdVDLTgJBEJzFF+IL9ehlIjExHjazCAg3ohePmLhAAkhmhwYnzD4y02tCCN/gVU/ejFc/x4P/4i5iokbrVKnqTleXFylpkLE3K7O0vLK6ll3PbWxube/kd/eaJoy1AFeEKtRtjxtQMgAXJSpoRxq47yloeeOL1G/dgTYyDK5xEkHP56NADqXgmEjuqH9yU+znC8yu1VjJqVFmlxkrVisJYafFarlMHZvNUSALNPr59+4gFLEPAQrFjek4LMLelGuUQsEs140NRFyM+Qg6CQ24D6Y3nYed0aPYcAxpBJpKRecifN+Yct+Yie8lkz7HW/PbS8W/vE6Mw2pvKoMoRghEegilgvkhI7RMWgA6kBoQeZocqAyo4JojgpaUC5GIcVJLLunj62n6P2kWbadil65Khfr5opksOSCH5Jg45IzUySVpEJcIIsk9eSCP1sR6sp6tl8/RjLXY2Sc/YL1+AC3KkwY=</latexit>
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Is this a good question for e+e- machines?

Lepton colliders designer for precision physics, EFTs…
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="Mzax2yH9GC+un6W1iYRgVDFLv9I=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEyMh80sAsKN6MUjRnkksCGzQ4MTZh+Z6dUQwid41ZM349Xv8eC/uKyYqNE6Vaq609XlRUoaZOzNWlhcWl5Zzaxl1zc2t7ZzO7tNE8ZaQEOEKtRtjxtQMoAGSlTQjjRw31PQ8kbnM791C9rIMLjGcQSuz4eBHEjBMZGuhr3jXi7P7GqVFZ0qZXaJsUKlnBB2UqiUStSxWYo8maPey713+6GIfQhQKG5Mx2ERuhOuUQoF02w3NhBxMeJD6CQ04D4Yd5JGndLD2HAMaQSaSkVTEb5vTLhvzNj3kkmf44357c3Ev7xOjIOKO5FBFCMEYnYIpYL0kBFaJh0A7UsNiHyWHKgMqOCaI4KWlAuRiHFSSjbp4+tp+j9pFmynbBcvi/na2byZDNknB+SIOOSU1MgFqZMGEWRI7skDebTurCfr2Xr5HF2w5jt75Aes1w8BJZJi</latexit>g⇤
<latexit sha1_base64="Mzax2yH9GC+un6W1iYRgVDFLv9I=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEyMh80sAsKN6MUjRnkksCGzQ4MTZh+Z6dUQwid41ZM349Xv8eC/uKyYqNE6Vaq609XlRUoaZOzNWlhcWl5Zzaxl1zc2t7ZzO7tNE8ZaQEOEKtRtjxtQMoAGSlTQjjRw31PQ8kbnM791C9rIMLjGcQSuz4eBHEjBMZGuhr3jXi7P7GqVFZ0qZXaJsUKlnBB2UqiUStSxWYo8maPey713+6GIfQhQKG5Mx2ERuhOuUQoF02w3NhBxMeJD6CQ04D4Yd5JGndLD2HAMaQSaSkVTEb5vTLhvzNj3kkmf44357c3Ev7xOjIOKO5FBFCMEYnYIpYL0kBFaJh0A7UsNiHyWHKgMqOCaI4KWlAuRiHFSSjbp4+tp+j9pFmynbBcvi/na2byZDNknB+SIOOSU1MgFqZMGEWRI7skDebTurCfr2Xr5HF2w5jt75Aes1w8BJZJi</latexit>g⇤
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As bin

ÈÌ a

Jimi

t

serrato µ
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As bin
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JimiOi =
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⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="Qib2BgumZuFoKlO7PvGKBpHn0mI=">AAAB93icdVDLTgJBEJzFF+IL9ehlIjExHjazCAg3ohePmLhAAkhmhwYnzD4y02tCCN/gVU/ejFc/x4P/4i5iokbrVKnqTleXFylpkLE3K7O0vLK6ll3PbWxube/kd/eaJoy1AFeEKtRtjxtQMgAXJSpoRxq47yloeeOL1G/dgTYyDK5xEkHP56NADqXgmEjuqH9yU+znC8yu1VjJqVFmlxkrVisJYafFarlMHZvNUSALNPr59+4gFLEPAQrFjek4LMLelGuUQsEs140NRFyM+Qg6CQ24D6Y3nYed0aPYcAxpBJpKRecifN+Yct+Yie8lkz7HW/PbS8W/vE6Mw2pvKoMoRghEegilgvkhI7RMWgA6kBoQeZocqAyo4JojgpaUC5GIcVJLLunj62n6P2kWbadil65Khfr5opksOSCH5Jg45IzUySVpEJcIIsk9eSCP1sR6sp6tl8/RjLXY2Sc/YL1+AC3KkwY=</latexit>

g2⇤
E ⌧ ⇤

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

UV theories that are strongly coupled,  

create composites and have particles with substructure, 
like pions or protons.

<latexit sha1_base64="MzJOnQHEzRGFbYaWkspipzRGkb0=">AAAB/nicbVDLSsNAFJ34rPVVdelmsAjioiRS1GXRjcsK9gFNKJPpbRw6k4SZG6GEgl/hVlfuxK2/4sJ/MYlZaOtZHc65l3vu8WMpDNr2p7W0vLK6tl7ZqG5ube/s1vb2uyZKNIcOj2Sk+z4zIEUIHRQooR9rYMqX0PMn17nfewBtRBTe4TQGT7EgFGPBGWaSGwxP3QAzW1FnWKvbDbsAXSROSeqkRHtY+3JHEU8UhMglM2bg2DF6KdMouIRZ1U0MxIxPWACDjIZMgfHSIvOMHieGYURj0FRIWojweyNlypip8rNJxfDezHu5+J83SHB86aUijBOEkOeHUEgoDhmuRVYG0JHQgMjy5EBFSDnTDBG0oIzzTEyydqpZH87894uke9ZwzhvN22a9dVU2UyGH5IicEIdckBa5IW3SIZzE5Ik8kxfr0Xq13qz3n9Elq9w5IH9gfXwDCViVsw==</latexit>

g⇤ & 1



Is this a good question for e+e- machines?

Lepton colliders designer for precision physics, EFTs…

t

serrato µ

ten

As bin

ÈÌ a

Jimi
m = ⇤

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="Mzax2yH9GC+un6W1iYRgVDFLv9I=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEyMh80sAsKN6MUjRnkksCGzQ4MTZh+Z6dUQwid41ZM349Xv8eC/uKyYqNE6Vaq609XlRUoaZOzNWlhcWl5Zzaxl1zc2t7ZzO7tNE8ZaQEOEKtRtjxtQMoAGSlTQjjRw31PQ8kbnM791C9rIMLjGcQSuz4eBHEjBMZGuhr3jXi7P7GqVFZ0qZXaJsUKlnBB2UqiUStSxWYo8maPey713+6GIfQhQKG5Mx2ERuhOuUQoF02w3NhBxMeJD6CQ04D4Yd5JGndLD2HAMaQSaSkVTEb5vTLhvzNj3kkmf44357c3Ev7xOjIOKO5FBFCMEYnYIpYL0kBFaJh0A7UsNiHyWHKgMqOCaI4KWlAuRiHFSSjbp4+tp+j9pFmynbBcvi/na2byZDNknB+SIOOSU1MgFqZMGEWRI7skDebTurCfr2Xr5HF2w5jt75Aes1w8BJZJi</latexit>g⇤
<latexit sha1_base64="Mzax2yH9GC+un6W1iYRgVDFLv9I=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEyMh80sAsKN6MUjRnkksCGzQ4MTZh+Z6dUQwid41ZM349Xv8eC/uKyYqNE6Vaq609XlRUoaZOzNWlhcWl5Zzaxl1zc2t7ZzO7tNE8ZaQEOEKtRtjxtQMoAGSlTQjjRw31PQ8kbnM791C9rIMLjGcQSuz4eBHEjBMZGuhr3jXi7P7GqVFZ0qZXaJsUKlnBB2UqiUStSxWYo8maPey713+6GIfQhQKG5Mx2ERuhOuUQoF02w3NhBxMeJD6CQ04D4Yd5JGndLD2HAMaQSaSkVTEb5vTLhvzNj3kkmf44357c3Ev7xOjIOKO5FBFCMEYnYIpYL0kBFaJh0A7UsNiHyWHKgMqOCaI4KWlAuRiHFSSjbp4+tp+j9pFmynbBcvi/na2byZDNknB+SIOOSU1MgFqZMGEWRI7skDebTurCfr2Xr5HF2w5jt75Aes1w8BJZJi</latexit>g⇤

t

serrato µ

ten

As bin

ÈÌ a

Jimi

t

serrato µ

ten

As bin

ÈÌ a

JimiOi =
( ̄�µ )2

⇤2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="Qib2BgumZuFoKlO7PvGKBpHn0mI=">AAAB93icdVDLTgJBEJzFF+IL9ehlIjExHjazCAg3ohePmLhAAkhmhwYnzD4y02tCCN/gVU/ejFc/x4P/4i5iokbrVKnqTleXFylpkLE3K7O0vLK6ll3PbWxube/kd/eaJoy1AFeEKtRtjxtQMgAXJSpoRxq47yloeeOL1G/dgTYyDK5xEkHP56NADqXgmEjuqH9yU+znC8yu1VjJqVFmlxkrVisJYafFarlMHZvNUSALNPr59+4gFLEPAQrFjek4LMLelGuUQsEs140NRFyM+Qg6CQ24D6Y3nYed0aPYcAxpBJpKRecifN+Yct+Yie8lkz7HW/PbS8W/vE6Mw2pvKoMoRghEegilgvkhI7RMWgA6kBoQeZocqAyo4JojgpaUC5GIcVJLLunj62n6P2kWbadil65Khfr5opksOSCH5Jg45IzUySVpEJcIIsk9eSCP1sR6sp6tl8/RjLXY2Sc/YL1+AC3KkwY=</latexit>

g2⇤
E ⌧ ⇤

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

UV theories that are strongly coupled,  

create composites and have particles with substructure, 
like pions or protons.

<latexit sha1_base64="MzJOnQHEzRGFbYaWkspipzRGkb0=">AAAB/nicbVDLSsNAFJ34rPVVdelmsAjioiRS1GXRjcsK9gFNKJPpbRw6k4SZG6GEgl/hVlfuxK2/4sJ/MYlZaOtZHc65l3vu8WMpDNr2p7W0vLK6tl7ZqG5ube/s1vb2uyZKNIcOj2Sk+z4zIEUIHRQooR9rYMqX0PMn17nfewBtRBTe4TQGT7EgFGPBGWaSGwxP3QAzW1FnWKvbDbsAXSROSeqkRHtY+3JHEU8UhMglM2bg2DF6KdMouIRZ1U0MxIxPWACDjIZMgfHSIvOMHieGYURj0FRIWojweyNlypip8rNJxfDezHu5+J83SHB86aUijBOEkOeHUEgoDhmuRVYG0JHQgMjy5EBFSDnTDBG0oIzzTEyydqpZH87894uke9ZwzhvN22a9dVU2UyGH5IicEIdckBa5IW3SIZzE5Ik8kxfr0Xq13qz3n9Elq9w5IH9gfXwDCViVsw==</latexit>

g⇤ & 1

But are also the ones that have the largest effects at 
lower energies



h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

A Higgs smaller than its size?
To be composite and lighter than its size, it must be a 
(Pseudo) Goldstone Boson:

<latexit sha1_base64="6ymZ5Arwy1oRbNBjofGvJka/6aY=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRXaIgDKChjJI5CHlpfVlE045P3S3jhRZafkKWqjoEC3/QcG/4JgUkDDVaGZXOztepKQhx/m0VlbX1jc2c1v57Z3dvX374LBuwlgLrIlQhbrpgUElA6yRJIXNSCP4nsKGN7qZ+Y0xaiPD4J4mEXZ8GAZyIAVQKvVse9IeaBDJuHs+TQbd0rRnF5yik4EvE3dOCmyOas/+avdDEfsYkFBgTMt1IuokoEkKhdN8OzYYgRjBEFspDcBH00my5FN+GhugkEeouVQ8E/H3RgK+MRPfSyd9oAez6M3E/7xWTIOrTiKDKCYMxOwQSYXZISO0TCtB3pcaiWCWHLkMuAANRKglByFSMU47yqd9uIvfL5N6qeheFMt35ULlet5Mjh2zE3bGXHbJKuyWVVmNCTZmT+yZvViP1qv1Zr3/jK5Y850j9gfWxzeQk5g3</latexit>

y
v3

f2



h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

 ̄ 
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+c  ̄ h3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

 ̄ 
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

BSM

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

 ̄ 
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

SM
<latexit sha1_base64="sDMtra31Sl3wHALzTCdNwoItm4A=">AAACKHicbZBNS8NAEIY3flu/qh69rBZBEEuiRb0IRS8eFawKTS2T7UQXN5uwOxEk5I/4E/wVXvXkTXrw4i8xrTn49V724Z0ZZucNEiUtuW7fGRkdG5+YnJquzMzOzS9UF5fObZwagS0Rq9hcBmBRSY0tkqTwMjEIUaDwIrg9GtQv7tBYGeszuk+wE8G1lqEUQIXVrTZ8K7UfGhDZTZ6F+cE33ir5aifPdlbD4tn0RS8m263W3Lo7FP8LXgk1VuqkW333e7FII9QkFFjb9tyEOhkYkkJhXvFTiwmIW7jGdoEaIrSdbHhdztdTCxTzBA2Xig9N/D6RQWTtfRQUnRHQjf1dG5j/1dophfudTOokJdRisIikwuEiK4wsYkPekwaJYPBz5FJzAQaI0EgOQhRmWuRYKfLwfl//F863695uvXHaqDUPy2Sm2ApbYxvMY3usyY7ZCWsxwR7YE3tmL86j8+q8Of2v1hGnnFlmP+R8fAJrqqeN</latexit>

sin
h

f
=

h

f
� h3

3!f3
+ · · ·

A Higgs smaller than its size?
To be composite and lighter than its size, it must be a 
(Pseudo) Goldstone Boson:

<latexit sha1_base64="6ymZ5Arwy1oRbNBjofGvJka/6aY=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRXaIgDKChjJI5CHlpfVlE045P3S3jhRZafkKWqjoEC3/QcG/4JgUkDDVaGZXOztepKQhx/m0VlbX1jc2c1v57Z3dvX374LBuwlgLrIlQhbrpgUElA6yRJIXNSCP4nsKGN7qZ+Y0xaiPD4J4mEXZ8GAZyIAVQKvVse9IeaBDJuHs+TQbd0rRnF5yik4EvE3dOCmyOas/+avdDEfsYkFBgTMt1IuokoEkKhdN8OzYYgRjBEFspDcBH00my5FN+GhugkEeouVQ8E/H3RgK+MRPfSyd9oAez6M3E/7xWTIOrTiKDKCYMxOwQSYXZISO0TCtB3pcaiWCWHLkMuAANRKglByFSMU47yqd9uIvfL5N6qeheFMt35ULlet5Mjh2zE3bGXHbJKuyWVVmNCTZmT+yZvViP1qv1Zr3/jK5Y850j9gfWxzeQk5g3</latexit>

y
v3

f2



h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

 ̄ 
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+c  ̄ h3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

 ̄ 
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

BSM

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

 ̄ 
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

SM
<latexit sha1_base64="sDMtra31Sl3wHALzTCdNwoItm4A=">AAACKHicbZBNS8NAEIY3flu/qh69rBZBEEuiRb0IRS8eFawKTS2T7UQXN5uwOxEk5I/4E/wVXvXkTXrw4i8xrTn49V724Z0ZZucNEiUtuW7fGRkdG5+YnJquzMzOzS9UF5fObZwagS0Rq9hcBmBRSY0tkqTwMjEIUaDwIrg9GtQv7tBYGeszuk+wE8G1lqEUQIXVrTZ8K7UfGhDZTZ6F+cE33ir5aifPdlbD4tn0RS8m263W3Lo7FP8LXgk1VuqkW333e7FII9QkFFjb9tyEOhkYkkJhXvFTiwmIW7jGdoEaIrSdbHhdztdTCxTzBA2Xig9N/D6RQWTtfRQUnRHQjf1dG5j/1dophfudTOokJdRisIikwuEiK4wsYkPekwaJYPBz5FJzAQaI0EgOQhRmWuRYKfLwfl//F863695uvXHaqDUPy2Sm2ApbYxvMY3usyY7ZCWsxwR7YE3tmL86j8+q8Of2v1hGnnFlmP+R8fAJrqqeN</latexit>

sin
h

f
=

h

f
� h3

3!f3
+ · · ·

tree-level Higgs Couplings are modified

v
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

v
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="IBH2KP12+KTTsRCuLlRDL9UlYko=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRXYUAWUEDWWQyENKTLS+bMIp54fu1pEiKy1fQQsVHaLlPyj4F5zgAhKmWI1mdrW748dKGnKcT2tldW19Y7OwVdze2d3btw8OmyZKtMCGiFSk2z4YVDLEBklS2I41QuArbPmj65nfGqM2MgrvaBKjF8AwlAMpgDKpZ9uT7kCDSMf3lWk6yErPLjllZw6+TNyclFiOes/+6vYjkQQYklBgTMd1YvJS0CSFwmmxmxiMQYxgiJ2MhhCg8dL55VN+mhigiMeouVR8LuLviRQCYyaBn3UGQA9m0ZuJ/3mdhAaXXirDOCEMxWwRSYXzRUZomUWCvC81EsHscuQy5AI0EKGWHITIxCTLqJjl4S5+v0yalbJ7Xq7eVku1qzyZAjtmJ+yMueyC1dgNq7MGE2zMntgze7EerVfrzXr/aV2x8pkj9gfWxzeO/pg2</latexit>

y
v2

f2

A Higgs smaller than its size?
To be composite and lighter than its size, it must be a 
(Pseudo) Goldstone Boson:

<latexit sha1_base64="6ymZ5Arwy1oRbNBjofGvJka/6aY=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRXaIgDKChjJI5CHlpfVlE045P3S3jhRZafkKWqjoEC3/QcG/4JgUkDDVaGZXOztepKQhx/m0VlbX1jc2c1v57Z3dvX374LBuwlgLrIlQhbrpgUElA6yRJIXNSCP4nsKGN7qZ+Y0xaiPD4J4mEXZ8GAZyIAVQKvVse9IeaBDJuHs+TQbd0rRnF5yik4EvE3dOCmyOas/+avdDEfsYkFBgTMt1IuokoEkKhdN8OzYYgRjBEFspDcBH00my5FN+GhugkEeouVQ8E/H3RgK+MRPfSyd9oAez6M3E/7xWTIOrTiKDKCYMxOwQSYXZISO0TCtB3pcaiWCWHLkMuAANRKglByFSMU47yqd9uIvfL5N6qeheFMt35ULlet5Mjh2zE3bGXHbJKuyWVVmNCTZmT+yZvViP1qv1Zr3/jK5Y850j9gfWxzeQk5g3</latexit>

y
v3

f2



Strongly Interacting Light Higgs

The same constituents that make up the Higgs can make 
up other composites with 

Mass

Higgs

Other Composites

<latexit sha1_base64="cJ5I24S7EfIYQwZQjWae50U/k8M=">AAACCXicbVA9SwNBEN2L3/HrVKxsFoMgFuFOgloGbSwsFIwJJOGY20zikt27Y3dOCEd+gb/CVis7sfVXWPhfvMQUmviqx3szzJsXJkpa8rxPpzA3v7C4tLxSXF1b39h0t7bvbJwagTURq9g0QrCoZIQ1kqSwkRgEHSqsh/2LkV9/QGNlHN3SIMG2hl4ku1IA5VLg7urgqGWl5q2uAZH5w+wquBwGbskre2PwWeJPSIlNcB24X61OLFKNEQkF1jZ9L6F2BoakUDgstlKLCYg+9LCZ0wg02nY2jj/kB6kFinmChkvFxyL+3shAWzvQYT6pge7ttDcS//OaKXXP2pmMkpQwEqNDJBWOD1lhZN4L8o40SASj5MhlxAUYIEIjOQiRi2leVDHvw5/+fpbcHZf9k3LlplKqnk+aWWZ7bJ8dMp+dsiq7ZNesxgTL2BN7Zi/Oo/PqvDnvP6MFZ7Kzw/7A+fgGmGSZ0g==</latexit>

m⇤ ⇠ 1

LH

W,Z,…

<latexit sha1_base64="cJ5I24S7EfIYQwZQjWae50U/k8M=">AAACCXicbVA9SwNBEN2L3/HrVKxsFoMgFuFOgloGbSwsFIwJJOGY20zikt27Y3dOCEd+gb/CVis7sfVXWPhfvMQUmviqx3szzJsXJkpa8rxPpzA3v7C4tLxSXF1b39h0t7bvbJwagTURq9g0QrCoZIQ1kqSwkRgEHSqsh/2LkV9/QGNlHN3SIMG2hl4ku1IA5VLg7urgqGWl5q2uAZH5w+wquBwGbskre2PwWeJPSIlNcB24X6 1OLFKNEQkF1jZ9L6F2BoakUDgstlKLCYg+9LCZ0wg02nY2jj/kB6kFinmChkvFxyL+3shAWzvQYT6pge7ttDcS//OaKXXP2pmMkpQwEqNDJBWOD1lhZN4L8o40SASj5MhlxAUYIEIjOQiRi2leVDHvw5/+fpbcHZf9k3LlplKqnk+aWWZ7bJ8dMp+dsiq7ZNesxgTL2BN7Zi/Oo/PqvDnvP6MFZ7Kzw/7A+fgGmGSZ0g==</latexit>

m⇤ ⇠ 1

LH



Strongly Interacting Light Higgs

The same constituents that make up the Higgs can make 
up other composites with 

Mass

Higgs

Other Composites

<latexit sha1_base64="cJ5I24S7EfIYQwZQjWae50U/k8M=">AAACCXicbVA9SwNBEN2L3/HrVKxsFoMgFuFOgloGbSwsFIwJJOGY20zikt27Y3dOCEd+gb/CVis7sfVXWPhfvMQUmviqx3szzJsXJkpa8rxPpzA3v7C4tLxSXF1b39h0t7bvbJwagTURq9g0QrCoZIQ1kqSwkRgEHSqsh/2LkV9/QGNlHN3SIMG2hl4ku1IA5VLg7urgqGWl5q2uAZH5w+wquBwGbskre2PwWeJPSIlNcB24X61OLFKNEQkF1jZ9L6F2BoakUDgstlKLCYg+9LCZ0wg02nY2jj/kB6kFinmChkvFxyL+3shAWzvQYT6pge7ttDcS//OaKXXP2pmMkpQwEqNDJBWOD1lhZN4L8o40SASj5MhlxAUYIEIjOQiRi2leVDHvw5/+fpbcHZf9k3LlplKqnk+aWWZ7bJ8dMp+dsiq7ZNesxgTL2BN7Zi/Oo/PqvDnvP6MFZ7Kzw/7A+fgGmGSZ0g==</latexit>

m⇤ ⇠ 1

LH

W,Z,…

also EW interacting

t

serrato µ

ten

As bin

ÈÌ a

Jimi

t

serrato µ

ten

As bin

ÈÌ a

Jimi
<latexit sha1_base64="cJ5I24S7EfIYQwZQjWae50U/k8M=">AAACCXicbVA9SwNBEN2L3/HrVKxsFoMgFuFOgloGbSwsFIwJJOGY20zikt27Y3dOCEd+gb/CVis7sfVXWPhfvMQUmviqx3szzJsXJkpa8rxPpzA3v7C4tLxSXF1b39h0t7bvbJwagTURq9g0QrCoZIQ1kqSwkRgEHSqsh/2LkV9/QGNlHN3SIMG2hl4ku1IA5VLg7urgqGWl5q2uAZH5w+wquBwGbskre2PwWeJPSIlNcB24X6 1OLFKNEQkF1jZ9L6F2BoakUDgstlKLCYg+9LCZ0wg02nY2jj/kB6kFinmChkvFxyL+3shAWzvQYT6pge7ttDcS//OaKXXP2pmMkpQwEqNDJBWOD1lhZN4L8o40SASj5MhlxAUYIEIjOQiRi2leVDHvw5/+fpbcHZf9k3LlplKqnk+aWWZ7bJ8dMp+dsiq7ZNesxgTL2BN7Zi/Oo/PqvDnvP6MFZ7Kzw/7A+fgGmGSZ0g==</latexit>
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The measurement of Higgs couplings constitute an important part of present Standard Model
precision tests at colliders. In this article, we show that modifications of Higgs couplings induce
energy-growing e↵ects in specific amplitudes involving longitudinally polarized vector bosons, and
we initiate a novel program to study these very modifications of Higgs couplings o↵-shell and at
high-energy, rather than on the Higgs resonance. Our analysis suggests that these channels are
complementary and, at times, competitive with familiar on-shell measurements; moreover these
high-energy probes o↵er endless opportunities for refinements and improvements.

I. INTRODUCTION

The precise measurement of the Higgs boson cou-
plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell

HC HwH Growth

t Oyt ⇠
E2

⇤2

� O6 ⇠
vE
⇤2

Z�

��

V

OWW

OBB

Or

⇠
E2

⇤2

g Ogg ⇠
E2

⇤2

TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell

HC HwH Growth

t Oyt ⇠
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vE
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⇤2

TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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complementary and, at times, competitive with familiar on-shell measurements; moreover these
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plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2
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= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators
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†@µH Oy = Y |H|
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W aµ⌫
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O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell
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on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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is produced on-shell.
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Départment de Physique Théorique, Université de Genève,

24 quai Ernest-Ansermet, 1211 Genève 4, Switzerland
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The measurement of Higgs couplings constitute an important part of present Standard Model
precision tests at colliders. In this article, we show that modifications of Higgs couplings induce
energy-growing e↵ects in specific amplitudes involving longitudinally polarized vector bosons, and
we initiate a novel program to study these very modifications of Higgs couplings o↵-shell and at
high-energy, rather than on the Higgs resonance. Our analysis suggests that these channels are
complementary and, at times, competitive with familiar on-shell measurements; moreover these
high-energy probes o↵er endless opportunities for refinements and improvements.

I. INTRODUCTION

The precise measurement of the Higgs boson cou-
plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell

HC HwH Growth

t Oyt ⇠
E2

⇤2

� O6 ⇠
vE
⇤2

Z�

��

V

OWW

OBB

Or

⇠
E2

⇤2

g Ogg ⇠
E2

⇤2

TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =
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i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators
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with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell
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TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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The measurement of Higgs couplings constitute an important part of present Standard Model
precision tests at colliders. In this article, we show that modifications of Higgs couplings induce
energy-growing e↵ects in specific amplitudes involving longitudinally polarized vector bosons, and
we initiate a novel program to study these very modifications of Higgs couplings o↵-shell and at
high-energy, rather than on the Higgs resonance. Our analysis suggests that these channels are
complementary and, at times, competitive with familiar on-shell measurements; moreover these
high-energy probes o↵er endless opportunities for refinements and improvements.

I. INTRODUCTION

The precise measurement of the Higgs boson cou-
plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell
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TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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for our understanding of a relatively poorly mea-
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a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
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periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
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with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell

HC HwH Growth

t Oyt ⇠
E2

⇤2

� O6 ⇠
vE
⇤2

Z�

��

V

OWW

OBB

Or

⇠
E2

⇤2

g Ogg ⇠
E2

⇤2

TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not

ar
X

iv
:1

81
2.

09
29

9v
1 

 [h
ep

-p
h]

  2
1 

D
ec

 2
01

8

Higgs Couplings without the Higgs

Brian Henning, Davide Lombardo, Marc Riembau, and Francesco Riva
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simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.
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is produced on-shell.
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measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
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mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
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The measurement of Higgs couplings constitute an important part of present Standard Model
precision tests at colliders. In this article, we show that modifications of Higgs couplings induce
energy-growing e↵ects in specific amplitudes involving longitudinally polarized vector bosons, and
we initiate a novel program to study these very modifications of Higgs couplings o↵-shell and at
high-energy, rather than on the Higgs resonance. Our analysis suggests that these channels are
complementary and, at times, competitive with familiar on-shell measurements; moreover these
high-energy probes o↵er endless opportunities for refinements and improvements.

I. INTRODUCTION

The precise measurement of the Higgs boson cou-
plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell

HC HwH Growth

t Oyt ⇠
E2

⇤2

� O6 ⇠
vE
⇤2

Z�

��

V

OWW

OBB

Or

⇠
E2

⇤2

g Ogg ⇠
E2

⇤2

TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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The measurement of Higgs couplings constitute an important part of present Standard Model
precision tests at colliders. In this article, we show that modifications of Higgs couplings induce
energy-growing e↵ects in specific amplitudes involving longitudinally polarized vector bosons, and
we initiate a novel program to study these very modifications of Higgs couplings o↵-shell and at
high-energy, rather than on the Higgs resonance. Our analysis suggests that these channels are
complementary and, at times, competitive with familiar on-shell measurements; moreover these
high-energy probes o↵er endless opportunities for refinements and improvements.

I. INTRODUCTION

The precise measurement of the Higgs boson cou-
plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
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measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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The measurement of Higgs couplings constitute an important part of present Standard Model
precision tests at colliders. In this article, we show that modifications of Higgs couplings induce
energy-growing e↵ects in specific amplitudes involving longitudinally polarized vector bosons, and
we initiate a novel program to study these very modifications of Higgs couplings o↵-shell and at
high-energy, rather than on the Higgs resonance. Our analysis suggests that these channels are
complementary and, at times, competitive with familiar on-shell measurements; moreover these
high-energy probes o↵er endless opportunities for refinements and improvements.

I. INTRODUCTION

The precise measurement of the Higgs boson cou-
plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell
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TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell

HC HwH Growth

t Oyt ⇠
E2

⇤2

� O6 ⇠
vE
⇤2

Z�

��

V

OWW

OBB

Or

⇠
E2

⇤2

g Ogg ⇠
E2

⇤2

TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
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The measurement of Higgs couplings constitute an important part of present Standard Model
precision tests at colliders. In this article, we show that modifications of Higgs couplings induce
energy-growing e↵ects in specific amplitudes involving longitudinally polarized vector bosons, and
we initiate a novel program to study these very modifications of Higgs couplings o↵-shell and at
high-energy, rather than on the Higgs resonance. Our analysis suggests that these channels are
complementary and, at times, competitive with familiar on-shell measurements; moreover these
high-energy probes o↵er endless opportunities for refinements and improvements.

I. INTRODUCTION

The precise measurement of the Higgs boson cou-
plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell
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TABLE I. Each e↵ect (left column) can be measured as an

on-shell Higgs Coupling (diagram in the HC column) or in a

high-energy process (diagram in the HwH column), where it

grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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by an E↵ective Field Theory (EFT).
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one can parametrize modifications of Higgs cou-
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with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell
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grows with energy as indicated in the last column.

measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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The measurement of Higgs couplings constitute an important part of present Standard Model
precision tests at colliders. In this article, we show that modifications of Higgs couplings induce
energy-growing e↵ects in specific amplitudes involving longitudinally polarized vector bosons, and
we initiate a novel program to study these very modifications of Higgs couplings o↵-shell and at
high-energy, rather than on the Higgs resonance. Our analysis suggests that these channels are
complementary and, at times, competitive with familiar on-shell measurements; moreover these
high-energy probes o↵er endless opportunities for refinements and improvements.

I. INTRODUCTION

The precise measurement of the Higgs boson cou-
plings to other Standard Model (SM) particles is
an unquestionable priority in the future of particle
physics. These measurements are important probes
for our understanding of a relatively poorly mea-
sured sector of the SM; at the same time they o↵er
a window into heavy dynamics Beyond the Standard
Model (BSM). Indeed, it is well-known that the ex-
change of heavy states (with masses beyond the di-
rect collider reach) leaves imprints in low-energy ex-
periments, in a way that is systematically captured
by an E↵ective Field Theory (EFT).

There are a number of similar ways in which
one can parametrize modifications of Higgs cou-
plings (HC): via partial widths 2

i
= �h!ii/�SM

h!ii
[1],

via Lagrangian couplings in the unitary gauge ghii [2,
3], via pseudo observables [4], or via the e↵ective field
theory L =

P
i
ci Oi/⇤2, consisting of dimension-6

operators [3, 5]. In particular, the operators

Or = |H|
2@µH

†@µH Oy = Y |H|
2 LH R

OBB = g0 2|H|
2Bµ⌫B

µ⌫
OWW = g2|H|

2W a

µ⌫
W aµ⌫

OGG = g2
s
|H|

2Ga

µ⌫
Gaµ⌫

O6 = |H|
6 (1)

with Y the Yukawa for fermion  , can be put in
simple correspondence with the s, as they modify
single-Higgs processes without inducing other elec-
troweak symmetry breaking e↵ects.

The well-established method for testing HC is, of
course, to measure processes in which a Higgs boson
is produced on-shell.

In this article we initiate a novel program to test
the very same Higgs couplings, o↵-shell and at high-
energy, via their contributions to the physics of longi-
tudinally polarized gauge bosons. We will show that
this program is potentially competitive with on-shell
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measurements, but it also o↵ers endless opportunities
of refinements and improvements. Indeed, the high-
energy program can benefit maximally from accu-
mulated statistics, from improved SM computations,
from phenomenological analyses aimed at enhancing
the signal-over-background (see, for instance, [6–11]),
and from dedicated experimental analyses aimed at
reducing the di↵erent backgrounds. Furthermore,
given the complexity of the final states, advanced
machine learning techniques [12–14] are expected to
have a crucial role in improving on our simple cut
and count analysis. In the context of a global pre-
cision program, the high-energy aspects that we dis-
cuss here will be the ones that benefit the most, not
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… but have the danger of hiding important hypotheses 
under too much information

EFT

Higgs size
Baryogenesis

?
Extended EW sectors



The Z-Boson run and the Higgs
S (and T) parameters: 
best universal tests for EW related physics 
if it couples to the Higgs it will likely enter in S,T



Higgs  
size 

(via loops) Other  
composites

The Z-Boson run and the Higgs
S (and T) parameters: 
best universal tests for EW related physics 
if it couples to the Higgs it will likely enter in S,T



Higgs  
size 

(via loops) Other  
composites

The Z-Boson run and the Higgs
S (and T) parameters: 
best universal tests for EW related physics 
if it couples to the Higgs it will likely enter in S,T

A Z-pole run is crucial!
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summary

Future colliders can discover many exciting new physics

(new particles, Dark Matter, matter asymmetry… )

For sure: we will learn about particles size
  - especially Higgs - 

Specific models that implement specific hypothesis (e.g. 
finite Higgs radius) require subsets of measurments

Z-Pole run will teach us much about the Higgs, as well
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I’m willing to invest 25 years of my life partially 
(e.g in parallel with other experiments)

PollEv.com /francescoriva506

I want a job in HEP, no matter the specific context

https://pollev.com/francescoriva506
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Particles are simple (simpler than e.g. cells)

Learn laws of nature as rules of a card game
(even before you realize you are learning physics)


