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• Particle Physics and Cosmology both have a Standard Model
<latexit sha1_base64="AB6xFSxrORPERf5gP+ncobphZSE=">AAAB2nicZZC5TsNAEIbH4QrmMlDSWKShiuxIhDaIhjJI5JDiKKzXQzLKem3Z60SR5YYO0fJMvAPvQAs1m0NCIX/1aY5/fo0fC0qV43wapa3tnd298r55cHh0fGKdnrXTKEs4tngkoqTrsxQFSWwpUgK7cYIs9AV2/PHdvN+ZYJJSJB/VLMZ+yIaSnokzpUsD68nzcUgyD0lSzIZY9FQ/vyZZmFNSIzuT2o1jgFJhYGsOiCuaoB1HU0xs0/Zk5Ot741wDyflc4aEM/vwGVsWpOgvZm+CuoNIow0LNgcW9IOJZqK24YGnac51YZ2KJIi6wML0sxZjxsTbPeegnNByptWpPo2Qhpv188Z/1FZGpWWHqVO7/DJvQrlXderX+UKs0bpfxoAwXcAlX4MINNOAemtACDh/wBd/wY3jGi/FqvC1HS8Zq5xzWZLz/AgPQioY=</latexit>

with unprecedented predictive power



What I Really Think
<latexit sha1_base64="Xuycg/MOGSKqpEEiVxn6p5x8XuY=">AAAB+XicZZDLSgMxFIaTeqtTL/W2chNsF67KjKBuK27cCBVtK3RKSTLHaWgmGSYZoQyDz+JO3Po0PoDvYawFqf1XP+fyn4/DUimM9f1PXFlZXVvfqG56ta3tnd363n7P6Dzj0OVa6uyRUQNSKOhaYSU8phnQhEnos8n1T7//DJkRWj3YaQrDhMZKPAlOrSuN6i8hg1ioIhFKpDSGcmCHxblQpdcMWS4l2Cbp0MwKLoF0xlMjuCFUReRam8Slx1PCtB2TMX0GQsm9dT2aReRWRyA9EirNHM6kcEaoCJQtQ1DR37lRveG3/JnIsgnmptGuopk6ozoPI83zxEVxSY0ZBH7qkOeIpRfmBlLKJy684AnLRDy2C9WBs4omYIbF7H2LKzK309JzVMF/hmXTO2sFF62Lu7NG++oXD1XRMTpBpyhAl6iNblAHdRFHX7iGD/ERLvArfsPvv6MVPN85QAvCH9+/aZLn</latexit>

• Particle Physics and Cosmology both have a Standard Model
<latexit sha1_base64="AB6xFSxrORPERf5gP+ncobphZSE=">AAAB2nicZZC5TsNAEIbH4QrmMlDSWKShiuxIhDaIhjJI5JDiKKzXQzLKem3Z60SR5YYO0fJMvAPvQAs1m0NCIX/1aY5/fo0fC0qV43wapa3tnd298r55cHh0fGKdnrXTKEs4tngkoqTrsxQFSWwpUgK7cYIs9AV2/PHdvN+ZYJJSJB/VLMZ+yIaSnokzpUsD68nzcUgyD0lSzIZY9FQ/vyZZmFNSIzuT2o1jgFJhYGsOiCuaoB1HU0xs0/Zk5Ot741wDyflc4aEM/vwGVsWpOgvZm+CuoNIow0LNgcW9IOJZqK24YGnac51YZ2KJIi6wML0sxZjxsTbPeegnNByptWpPo2Qhpv188Z/1FZGpWWHqVO7/DJvQrlXderX+UKs0bpfxoAwXcAlX4MINNOAemtACDh/wBd/wY3jGi/FqvC1HS8Zq5xzWZLz/AgPQioY=</latexit>

with unprecedented predictive power

<latexit sha1_base64="SghnhOgIYXwNrINw/GwH7oalCTs=">AAAB+3icZZDPSsNAEMZ3/Vuj1aigBy+L7cFTSQpW8FTx4s0K9g80pWw2Y7pkswnZjVhCDj6LN/Hqw/gEvoZrW5Da7/Qx883Mj/FTwZV2nC+8tr6xubVd2bF296r7B/bhUU8lecagyxKRZAOfKhBcQldzLWCQZkBjX0Dfj25/+/1nyBRP5KOepjCKaSj5E2dUm9LYfvV8CLksYi55SkMoh3pUXHJZWnXPz4UAXSf3eUY0VdE1EWB2mRTRE66IyhkDpYhOCLxokAExVCSXgbmnqQy4DC3iycQ3QFFhDDctqUvPRP8Oju2a03BmIqvGXZhau4Jm6oxt5gUJy2Ozigmq1NB1UgNNM82ZgNLycgUpZZFZXrDYz3g40UvVobGSxqBGxeyByyMi19PSMlTuf4ZV02s23Faj9dCstW/meKiCztA5ukAuukJtdIc6qIsY+sZVfIJPcYnf8Dv+mEfX8GLmGC0Jf/4AHxqUdw==</latexit>

• Our task: leverage this success to extend our understanding
<latexit sha1_base64="Stf58TxAqwNKr90yeopBseD16E8=">AAAB53icZZC7TsMwFIbtlksJtwIji0UXpiqpBKxFLCxIRdCL1FSV4xxSq44d2Q6oivIMbIiVZ2LiUdgwbSVU+k+fzuX37xNlghvr+1+4Ut3Y3Nqu7Xi7e/sHh/Wj455RuWbQZUooPYioAcEldC23AgaZBppGAvrR9Oa3338GbbiSj3aWwSilieRPnFHrSuN6GkaQcFmkXPKMJlAO7ai44LL0uLSKaNdMwZCXCWggdgLkwVIZUx2TOxWDINyQXFowFmKPhFJF7vFp4YDLGKQtQ5Dxn/m43vCb/lxkHYIlNNo1NFdnXGdhrFieOismqDHDwM9cQKotZwJKL8wNZJRNnXnB0kjzZGJXqkOHkrovjIr5sVZXRG5npedSBf8zrEOv1Qwum5f3rUb7ehEP1dApOkPnKEBXqI1uUQd1EUOf6BtXcBVz/Irf8PtitIKXOydoRfjjBxMajVg=</latexit>

into regimes where the Standard Model is untested



What I Really Think
<latexit sha1_base64="Xuycg/MOGSKqpEEiVxn6p5x8XuY=">AAAB+XicZZDLSgMxFIaTeqtTL/W2chNsF67KjKBuK27cCBVtK3RKSTLHaWgmGSYZoQyDz+JO3Po0PoDvYawFqf1XP+fyn4/DUimM9f1PXFlZXVvfqG56ta3tnd363n7P6Dzj0OVa6uyRUQNSKOhaYSU8phnQhEnos8n1T7//DJkRWj3YaQrDhMZKPAlOrSuN6i8hg1ioIhFKpDSGcmCHxblQpdcMWS4l2Cbp0MwKLoF0xlMjuCFUReRam8Slx1PCtB2TMX0GQsm9dT2aReRWRyA9EirNHM6kcEaoCJQtQ1DR37lRveG3/JnIsgnmptGuopk6ozoPI83zxEVxSY0ZBH7qkOeIpRfmBlLKJy684AnLRDy2C9WBs4omYIbF7H2LKzK309JzVMF/hmXTO2sFF62Lu7NG++oXD1XRMTpBpyhAl6iNblAHdRFHX7iGD/ERLvArfsPvv6MVPN85QAvCH9+/aZLn</latexit>

• Particle Physics and Cosmology both have a Standard Model
<latexit sha1_base64="AB6xFSxrORPERf5gP+ncobphZSE=">AAAB2nicZZC5TsNAEIbH4QrmMlDSWKShiuxIhDaIhjJI5JDiKKzXQzLKem3Z60SR5YYO0fJMvAPvQAs1m0NCIX/1aY5/fo0fC0qV43wapa3tnd298r55cHh0fGKdnrXTKEs4tngkoqTrsxQFSWwpUgK7cYIs9AV2/PHdvN+ZYJJSJB/VLMZ+yIaSnokzpUsD68nzcUgyD0lSzIZY9FQ/vyZZmFNSIzuT2o1jgFJhYGsOiCuaoB1HU0xs0/Zk5Ot741wDyflc4aEM/vwGVsWpOgvZm+CuoNIow0LNgcW9IOJZqK24YGnac51YZ2KJIi6wML0sxZjxsTbPeegnNByptWpPo2Qhpv188Z/1FZGpWWHqVO7/DJvQrlXderX+UKs0bpfxoAwXcAlX4MINNOAemtACDh/wBd/wY3jGi/FqvC1HS8Zq5xzWZLz/AgPQioY=</latexit>

with unprecedented predictive power

<latexit sha1_base64="SghnhOgIYXwNrINw/GwH7oalCTs=">AAAB+3icZZDPSsNAEMZ3/Vuj1aigBy+L7cFTSQpW8FTx4s0K9g80pWw2Y7pkswnZjVhCDj6LN/Hqw/gEvoZrW5Da7/Qx883Mj/FTwZV2nC+8tr6xubVd2bF296r7B/bhUU8lecagyxKRZAOfKhBcQldzLWCQZkBjX0Dfj25/+/1nyBRP5KOepjCKaSj5E2dUm9LYfvV8CLksYi55SkMoh3pUXHJZWnXPz4UAXSf3eUY0VdE1EWB2mRTRE66IyhkDpYhOCLxokAExVCSXgbmnqQy4DC3iycQ3QFFhDDctqUvPRP8Oju2a03BmIqvGXZhau4Jm6oxt5gUJy2Ozigmq1NB1UgNNM82ZgNLycgUpZZFZXrDYz3g40UvVobGSxqBGxeyByyMi19PSMlTuf4ZV02s23Faj9dCstW/meKiCztA5ukAuukJtdIc6qIsY+sZVfIJPcYnf8Dv+mEfX8GLmGC0Jf/4AHxqUdw==</latexit>

• Our task: leverage this success to extend our understanding
<latexit sha1_base64="Stf58TxAqwNKr90yeopBseD16E8=">AAAB53icZZC7TsMwFIbtlksJtwIji0UXpiqpBKxFLCxIRdCL1FSV4xxSq44d2Q6oivIMbIiVZ2LiUdgwbSVU+k+fzuX37xNlghvr+1+4Ut3Y3Nqu7Xi7e/sHh/Wj455RuWbQZUooPYioAcEldC23AgaZBppGAvrR9Oa3338GbbiSj3aWwSilieRPnFHrSuN6GkaQcFmkXPKMJlAO7ai44LL0uLSKaNdMwZCXCWggdgLkwVIZUx2TOxWDINyQXFowFmKPhFJF7vFp4YDLGKQtQ5Dxn/m43vCb/lxkHYIlNNo1NFdnXGdhrFieOismqDHDwM9cQKotZwJKL8wNZJRNnXnB0kjzZGJXqkOHkrovjIr5sVZXRG5npedSBf8zrEOv1Qwum5f3rUb7ehEP1dApOkPnKEBXqI1uUQd1EUOf6BtXcBVz/Irf8PtitIKXOydoRfjjBxMajVg=</latexit>

into regimes where the Standard Model is untested

<latexit sha1_base64="TVkJIPEv/QS7BPz7Aqo5l9yzcOo=">AAAB9XicZZBLTwIxFIVbfIDja9Clm0ZYuCIzJOIWw8aNCUZ5JAwhbbkODZ3OZNrRkMn8FHfGrb/Hpf/ECiQGOauT23tOv1yWSKGN533h0s7u3n65cuAcHh2fnLrVs76Os5RDj8cyToeMapBCQc8II2GYpEAjJmHA5p3f98ELpFrE6sksEhhHNFTiWXBq7Gji5gGDUKg8EkokNIRiZMb5tVCFUw9YJiWYOulQyTNpAyokQhEzA/J4T6ghMxHOCChIQwGaCE34jNqIsoWhQwIVM4syz60RagrKFAGo6d9XE7fmNbylyLbx16bWrqCluhOXB9OYZ5Gt4pJqPfK9xOLS1AguoXCCTENC+dyW5zxiqcUzG9ORtYpGoMf58nSbEZmZReFYKv8/w7bpNxt+q9F6aNbatys8VEEX6BJdIR/doDa6Q13UQxx94zJ2cRW/4jf8jj9WqyW8zpyjDeHPH5yNkSM=</latexit>

• Calculating in the SM at high energies is challenging



What I Really Think
<latexit sha1_base64="Xuycg/MOGSKqpEEiVxn6p5x8XuY=">AAAB+XicZZDLSgMxFIaTeqtTL/W2chNsF67KjKBuK27cCBVtK3RKSTLHaWgmGSYZoQyDz+JO3Po0PoDvYawFqf1XP+fyn4/DUimM9f1PXFlZXVvfqG56ta3tnd363n7P6Dzj0OVa6uyRUQNSKOhaYSU8phnQhEnos8n1T7//DJkRWj3YaQrDhMZKPAlOrSuN6i8hg1ioIhFKpDSGcmCHxblQpdcMWS4l2Cbp0MwKLoF0xlMjuCFUReRam8Slx1PCtB2TMX0GQsm9dT2aReRWRyA9EirNHM6kcEaoCJQtQ1DR37lRveG3/JnIsgnmptGuopk6ozoPI83zxEVxSY0ZBH7qkOeIpRfmBlLKJy684AnLRDy2C9WBs4omYIbF7H2LKzK309JzVMF/hmXTO2sFF62Lu7NG++oXD1XRMTpBpyhAl6iNblAHdRFHX7iGD/ERLvArfsPvv6MVPN85QAvCH9+/aZLn</latexit>

• Particle Physics and Cosmology both have a Standard Model
<latexit sha1_base64="AB6xFSxrORPERf5gP+ncobphZSE=">AAAB2nicZZC5TsNAEIbH4QrmMlDSWKShiuxIhDaIhjJI5JDiKKzXQzLKem3Z60SR5YYO0fJMvAPvQAs1m0NCIX/1aY5/fo0fC0qV43wapa3tnd298r55cHh0fGKdnrXTKEs4tngkoqTrsxQFSWwpUgK7cYIs9AV2/PHdvN+ZYJJSJB/VLMZ+yIaSnokzpUsD68nzcUgyD0lSzIZY9FQ/vyZZmFNSIzuT2o1jgFJhYGsOiCuaoB1HU0xs0/Zk5Ot741wDyflc4aEM/vwGVsWpOgvZm+CuoNIow0LNgcW9IOJZqK24YGnac51YZ2KJIi6wML0sxZjxsTbPeegnNByptWpPo2Qhpv188Z/1FZGpWWHqVO7/DJvQrlXderX+UKs0bpfxoAwXcAlX4MINNOAemtACDh/wBd/wY3jGi/FqvC1HS8Zq5xzWZLz/AgPQioY=</latexit>

with unprecedented predictive power

<latexit sha1_base64="SghnhOgIYXwNrINw/GwH7oalCTs=">AAAB+3icZZDPSsNAEMZ3/Vuj1aigBy+L7cFTSQpW8FTx4s0K9g80pWw2Y7pkswnZjVhCDj6LN/Hqw/gEvoZrW5Da7/Qx883Mj/FTwZV2nC+8tr6xubVd2bF296r7B/bhUU8lecagyxKRZAOfKhBcQldzLWCQZkBjX0Dfj25/+/1nyBRP5KOepjCKaSj5E2dUm9LYfvV8CLksYi55SkMoh3pUXHJZWnXPz4UAXSf3eUY0VdE1EWB2mRTRE66IyhkDpYhOCLxokAExVCSXgbmnqQy4DC3iycQ3QFFhDDctqUvPRP8Oju2a03BmIqvGXZhau4Jm6oxt5gUJy2Ozigmq1NB1UgNNM82ZgNLycgUpZZFZXrDYz3g40UvVobGSxqBGxeyByyMi19PSMlTuf4ZV02s23Faj9dCstW/meKiCztA5ukAuukJtdIc6qIsY+sZVfIJPcYnf8Dv+mEfX8GLmGC0Jf/4AHxqUdw==</latexit>

• Our task: leverage this success to extend our understanding
<latexit sha1_base64="Stf58TxAqwNKr90yeopBseD16E8=">AAAB53icZZC7TsMwFIbtlksJtwIji0UXpiqpBKxFLCxIRdCL1FSV4xxSq44d2Q6oivIMbIiVZ2LiUdgwbSVU+k+fzuX37xNlghvr+1+4Ut3Y3Nqu7Xi7e/sHh/Wj455RuWbQZUooPYioAcEldC23AgaZBppGAvrR9Oa3338GbbiSj3aWwSilieRPnFHrSuN6GkaQcFmkXPKMJlAO7ai44LL0uLSKaNdMwZCXCWggdgLkwVIZUx2TOxWDINyQXFowFmKPhFJF7vFp4YDLGKQtQ5Dxn/m43vCb/lxkHYIlNNo1NFdnXGdhrFieOismqDHDwM9cQKotZwJKL8wNZJRNnXnB0kjzZGJXqkOHkrovjIr5sVZXRG5npedSBf8zrEOv1Qwum5f3rUb7ehEP1dApOkPnKEBXqI1uUQd1EUOf6BtXcBVz/Irf8PtitIKXOydoRfjjBxMajVg=</latexit>

into regimes where the Standard Model is untested

<latexit sha1_base64="zfLcMjKb+Q8qUooco24VJrx/EC4=">AAAB1HicZZDLTsJAFIZP8Yb1VnXpphEWrkhLIm4xbtyYYORipITMDMcyYTrTdKYmpHZl3PpMvoYv4FYfwQokBvlXX87lP38OjQXXxvM+rNLa+sbmVnnb3tnd2z9wDo+6WqUJww5TQiX3lGgUXGLHcCPwPk6QRFRgj06ufvu9J0w0V7JtpjEOIhJK/sgZMUVp6DwEFEMus4hLHpMQ874ZZOdc5nY1oKkQaKpue4zu3Y3LtSuVcalKuAxtN5CKFpcmWQFcjlCaPEA5+nMaOhWv5s3kroK/gEqzDDO1hg4LRoqlUWHFBNG673txkYYkhjOBuR2kGmPCJoV5xiKa8HBslqr9AiWJUA+y2WeWV0RqprldpPL/Z1iFbr3mN2qN23qleTmPB2U4gVM4Ax8uoAnX0IIOMHiHT/iCb6trPVsv1ut8tGQtdo5hSdbbD+guhoc=</latexit>

• The SM is not boring

<latexit sha1_base64="TVkJIPEv/QS7BPz7Aqo5l9yzcOo=">AAAB9XicZZBLTwIxFIVbfIDja9Clm0ZYuCIzJOIWw8aNCUZ5JAwhbbkODZ3OZNrRkMn8FHfGrb/Hpf/ECiQGOauT23tOv1yWSKGN533h0s7u3n65cuAcHh2fnLrVs76Os5RDj8cyToeMapBCQc8II2GYpEAjJmHA5p3f98ELpFrE6sksEhhHNFTiWXBq7Gji5gGDUKg8EkokNIRiZMb5tVCFUw9YJiWYOulQyTNpAyokQhEzA/J4T6ghMxHOCChIQwGaCE34jNqIsoWhQwIVM4syz60RagrKFAGo6d9XE7fmNbylyLbx16bWrqCluhOXB9OYZ5Gt4pJqPfK9xOLS1AguoXCCTENC+dyW5zxiqcUzG9ORtYpGoMf58nSbEZmZReFYKv8/w7bpNxt+q9F6aNbatys8VEEX6BJdIR/doDa6Q13UQxx94zJ2cRW/4jf8jj9WqyW8zpyjDeHPH5yNkSM=</latexit>

• Calculating in the SM at high energies is challenging



What I Really Think
<latexit sha1_base64="Xuycg/MOGSKqpEEiVxn6p5x8XuY=">AAAB+XicZZDLSgMxFIaTeqtTL/W2chNsF67KjKBuK27cCBVtK3RKSTLHaWgmGSYZoQyDz+JO3Po0PoDvYawFqf1XP+fyn4/DUimM9f1PXFlZXVvfqG56ta3tnd363n7P6Dzj0OVa6uyRUQNSKOhaYSU8phnQhEnos8n1T7//DJkRWj3YaQrDhMZKPAlOrSuN6i8hg1ioIhFKpDSGcmCHxblQpdcMWS4l2Cbp0MwKLoF0xlMjuCFUReRam8Slx1PCtB2TMX0GQsm9dT2aReRWRyA9EirNHM6kcEaoCJQtQ1DR37lRveG3/JnIsgnmptGuopk6ozoPI83zxEVxSY0ZBH7qkOeIpRfmBlLKJy684AnLRDy2C9WBs4omYIbF7H2LKzK309JzVMF/hmXTO2sFF62Lu7NG++oXD1XRMTpBpyhAl6iNblAHdRFHX7iGD/ERLvArfsPvv6MVPN85QAvCH9+/aZLn</latexit>

• Particle Physics and Cosmology both have a Standard Model
<latexit sha1_base64="AB6xFSxrORPERf5gP+ncobphZSE=">AAAB2nicZZC5TsNAEIbH4QrmMlDSWKShiuxIhDaIhjJI5JDiKKzXQzLKem3Z60SR5YYO0fJMvAPvQAs1m0NCIX/1aY5/fo0fC0qV43wapa3tnd298r55cHh0fGKdnrXTKEs4tngkoqTrsxQFSWwpUgK7cYIs9AV2/PHdvN+ZYJJSJB/VLMZ+yIaSnokzpUsD68nzcUgyD0lSzIZY9FQ/vyZZmFNSIzuT2o1jgFJhYGsOiCuaoB1HU0xs0/Zk5Ot741wDyflc4aEM/vwGVsWpOgvZm+CuoNIow0LNgcW9IOJZqK24YGnac51YZ2KJIi6wML0sxZjxsTbPeegnNByptWpPo2Qhpv188Z/1FZGpWWHqVO7/DJvQrlXderX+UKs0bpfxoAwXcAlX4MINNOAemtACDh/wBd/wY3jGi/FqvC1HS8Zq5xzWZLz/AgPQioY=</latexit>

with unprecedented predictive power

<latexit sha1_base64="SghnhOgIYXwNrINw/GwH7oalCTs=">AAAB+3icZZDPSsNAEMZ3/Vuj1aigBy+L7cFTSQpW8FTx4s0K9g80pWw2Y7pkswnZjVhCDj6LN/Hqw/gEvoZrW5Da7/Qx883Mj/FTwZV2nC+8tr6xubVd2bF296r7B/bhUU8lecagyxKRZAOfKhBcQldzLWCQZkBjX0Dfj25/+/1nyBRP5KOepjCKaSj5E2dUm9LYfvV8CLksYi55SkMoh3pUXHJZWnXPz4UAXSf3eUY0VdE1EWB2mRTRE66IyhkDpYhOCLxokAExVCSXgbmnqQy4DC3iycQ3QFFhDDctqUvPRP8Oju2a03BmIqvGXZhau4Jm6oxt5gUJy2Ozigmq1NB1UgNNM82ZgNLycgUpZZFZXrDYz3g40UvVobGSxqBGxeyByyMi19PSMlTuf4ZV02s23Faj9dCstW/meKiCztA5ukAuukJtdIc6qIsY+sZVfIJPcYnf8Dv+mEfX8GLmGC0Jf/4AHxqUdw==</latexit>

• Our task: leverage this success to extend our understanding
<latexit sha1_base64="Stf58TxAqwNKr90yeopBseD16E8=">AAAB53icZZC7TsMwFIbtlksJtwIji0UXpiqpBKxFLCxIRdCL1FSV4xxSq44d2Q6oivIMbIiVZ2LiUdgwbSVU+k+fzuX37xNlghvr+1+4Ut3Y3Nqu7Xi7e/sHh/Wj455RuWbQZUooPYioAcEldC23AgaZBppGAvrR9Oa3338GbbiSj3aWwSilieRPnFHrSuN6GkaQcFmkXPKMJlAO7ai44LL0uLSKaNdMwZCXCWggdgLkwVIZUx2TOxWDINyQXFowFmKPhFJF7vFp4YDLGKQtQ5Dxn/m43vCb/lxkHYIlNNo1NFdnXGdhrFieOismqDHDwM9cQKotZwJKL8wNZJRNnXnB0kjzZGJXqkOHkrovjIr5sVZXRG5npedSBf8zrEOv1Qwum5f3rUb7ehEP1dApOkPnKEBXqI1uUQd1EUOf6BtXcBVz/Irf8PtitIKXOydoRfjjBxMajVg=</latexit>

into regimes where the Standard Model is untested

<latexit sha1_base64="zfLcMjKb+Q8qUooco24VJrx/EC4=">AAAB1HicZZDLTsJAFIZP8Yb1VnXpphEWrkhLIm4xbtyYYORipITMDMcyYTrTdKYmpHZl3PpMvoYv4FYfwQokBvlXX87lP38OjQXXxvM+rNLa+sbmVnnb3tnd2z9wDo+6WqUJww5TQiX3lGgUXGLHcCPwPk6QRFRgj06ufvu9J0w0V7JtpjEOIhJK/sgZMUVp6DwEFEMus4hLHpMQ874ZZOdc5nY1oKkQaKpue4zu3Y3LtSuVcalKuAxtN5CKFpcmWQFcjlCaPEA5+nMaOhWv5s3kroK/gEqzDDO1hg4LRoqlUWHFBNG673txkYYkhjOBuR2kGmPCJoV5xiKa8HBslqr9AiWJUA+y2WeWV0RqprldpPL/Z1iFbr3mN2qN23qleTmPB2U4gVM4Ax8uoAnX0IIOMHiHT/iCb6trPVsv1ut8tGQtdo5hSdbbD+guhoc=</latexit>

• The SM is not boring

<latexit sha1_base64="TVkJIPEv/QS7BPz7Aqo5l9yzcOo=">AAAB9XicZZBLTwIxFIVbfIDja9Clm0ZYuCIzJOIWw8aNCUZ5JAwhbbkODZ3OZNrRkMn8FHfGrb/Hpf/ECiQGOauT23tOv1yWSKGN533h0s7u3n65cuAcHh2fnLrVs76Os5RDj8cyToeMapBCQc8II2GYpEAjJmHA5p3f98ELpFrE6sksEhhHNFTiWXBq7Gji5gGDUKg8EkokNIRiZMb5tVCFUw9YJiWYOulQyTNpAyokQhEzA/J4T6ghMxHOCChIQwGaCE34jNqIsoWhQwIVM4syz60RagrKFAGo6d9XE7fmNbylyLbx16bWrqCluhOXB9OYZ5Gt4pJqPfK9xOLS1AguoXCCTENC+dyW5zxiqcUzG9ORtYpGoMf58nSbEZmZReFYKv8/w7bpNxt+q9F6aNbatys8VEEX6BJdIR/doDa6Q13UQxx94zJ2cRW/4jf8jj9WqyW8zpyjDeHPH5yNkSM=</latexit>

• Calculating in the SM at high energies is challenging

Outline of this talk



What Can We Calculate?



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute

<latexit sha1_base64="8YDJETIPa47m5iHUrb+ptBfJkS8=">AAABonicZY+7TsNAEEVnwyuEl4GSxsIpUkV2iqQ1QkiIKhHkIcWRtV4mYZW1d7W7RkRWfoGvoYX/4G/Iqwm51dHM3Jk7iRLcWN//JaW9/YPDo/Jx5eT07PzCubzqGZlrhl0mhdSDhBoUPMOu5VbgQGmkaSKwn0zvl/3+O2rDZfZiZwpHKZ1kfMwZtYtS7NQiz5VjV1FtORNo3GqktFRWug9xZPHDFsli27xaiR3Pr/srubsQbMALy7BSO3ZY9CpZnmJmmaDGDANf2VGxOTSvRLlBRdmUTrBgaaL55M1uVYcLzGiKZlSs/ty2iNzO5stUwf8Mu9Br1INmvdlpeOHdOh6U4QZuoQYBtCCER2hDFxh8whd8ww+pkifSIc/r0RLZeK5hSyT6A4BhcMo=</latexit>

# of particles → Ebeam



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute

<latexit sha1_base64="8YDJETIPa47m5iHUrb+ptBfJkS8=">AAABonicZY+7TsNAEEVnwyuEl4GSxsIpUkV2iqQ1QkiIKhHkIcWRtV4mYZW1d7W7RkRWfoGvoYX/4G/Iqwm51dHM3Jk7iRLcWN//JaW9/YPDo/Jx5eT07PzCubzqGZlrhl0mhdSDhBoUPMOu5VbgQGmkaSKwn0zvl/3+O2rDZfZiZwpHKZ1kfMwZtYtS7NQiz5VjV1FtORNo3GqktFRWug9xZPHDFsli27xaiR3Pr/srubsQbMALy7BSO3ZY9CpZnmJmmaDGDANf2VGxOTSvRLlBRdmUTrBgaaL55M1uVYcLzGiKZlSs/ty2iNzO5stUwf8Mu9Br1INmvdlpeOHdOh6U4QZuoQYBtCCER2hDFxh8whd8ww+pkifSIc/r0RLZeK5hSyT6A4BhcMo=</latexit>

# of particles → Ebeam
<latexit sha1_base64="qEBdMoseu/EhLXLSOup+JVvheKc=">AAABsXicZY/NTsJAFIVv8Q/rX9Wlm8aycGFIiwlsa9y4xER+DIM4HS84oe1MZqZE0vRRfBq3+gC+jRXYIGf15d5zbs6NZMy18f0fq7K1vbO7V923Dw6Pjk+c07OuFpli2GEiFqofUY0xT7FjuImxLxXSJIqxF03v/va9GSrNRfpo5hKHCZ2kfMwZNeVo5LSI54qxKyKNakbLlLZrRCohjXDxOScG301OPHJdmiRVhrPSUhS1keP5dX8hdxOCFXhhFRZqjxxGXgXLEkwNi6nWg8CXZpivThY2yTRKyqZ0gjlLIsUnb2ZtOigxpQnqYb54ez0SZ2Ze2GWr4H+HTeg26kGz3nxoeOHtsh5U4QIu4QoCaEEI99CGDjD4gE/4gm/rxnqyXqxoaa1Yq8w5rMma/gIfVndW</latexit>

# of observables → e#of particles



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute

<latexit sha1_base64="8YDJETIPa47m5iHUrb+ptBfJkS8=">AAABonicZY+7TsNAEEVnwyuEl4GSxsIpUkV2iqQ1QkiIKhHkIcWRtV4mYZW1d7W7RkRWfoGvoYX/4G/Iqwm51dHM3Jk7iRLcWN//JaW9/YPDo/Jx5eT07PzCubzqGZlrhl0mhdSDhBoUPMOu5VbgQGmkaSKwn0zvl/3+O2rDZfZiZwpHKZ1kfMwZtYtS7NQiz5VjV1FtORNo3GqktFRWug9xZPHDFsli27xaiR3Pr/srubsQbMALy7BSO3ZY9CpZnmJmmaDGDANf2VGxOTSvRLlBRdmUTrBgaaL55M1uVYcLzGiKZlSs/ty2iNzO5stUwf8Mu9Br1INmvdlpeOHdOh6U4QZuoQYBtCCER2hDFxh8whd8ww+pkifSIc/r0RLZeK5hSyT6A4BhcMo=</latexit>

# of particles → Ebeam

<latexit sha1_base64="DB7GpiXFOQNej4Q3GjhsqwjGWAY=">AAABx3icZZDNTsJAFIXv4B/Wv6pLN41sXJGWBW4xbnRhggkICSVkOlzKhGmnmZkSsWHhM/k0bPVFbAsxQU7u4ps7c+6c3CARXBvXXZHK3v7B4VH12Do5PTu/sC+v3rRMFcMuk0KqfkA1Ch5j13AjsJ8opFEgsBfMHov73hyV5jLumEWCw4iGMZ9wRk3eGtkvfoAhjzNuMOIfuLT8gqzOlGsnL+okSuazIkdOHI0JVaWvPDEqUFs+xuM/98iuuXW3lLML3gZqrSqUao9s5o8lSyOMDRNU64HnJmaYUWU4E0WatPiUzWiIGYsCxcOp2eoOcoxphHqYlcvYtojULJZWnsr7n2EX3hp1r1lvvjZqrYd1PKjCDdzCHXhwDy14gjZ0gcEXrOAbfsgzkWRO3tdPK2TjuYYtkc9fAlKA+Q==</latexit>

• This is a problem of separation of scales

<latexit sha1_base64="qEBdMoseu/EhLXLSOup+JVvheKc=">AAABsXicZY/NTsJAFIVv8Q/rX9Wlm8aycGFIiwlsa9y4xER+DIM4HS84oe1MZqZE0vRRfBq3+gC+jRXYIGf15d5zbs6NZMy18f0fq7K1vbO7V923Dw6Pjk+c07OuFpli2GEiFqofUY0xT7FjuImxLxXSJIqxF03v/va9GSrNRfpo5hKHCZ2kfMwZNeVo5LSI54qxKyKNakbLlLZrRCohjXDxOScG301OPHJdmiRVhrPSUhS1keP5dX8hdxOCFXhhFRZqjxxGXgXLEkwNi6nWg8CXZpivThY2yTRKyqZ0gjlLIsUnb2ZtOigxpQnqYb54ez0SZ2Ze2GWr4H+HTeg26kGz3nxoeOHtsh5U4QIu4QoCaEEI99CGDjD4gE/4gm/rxnqyXqxoaa1Yq8w5rMma/gIfVndW</latexit>

# of observables → e#of particles



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute

<latexit sha1_base64="8YDJETIPa47m5iHUrb+ptBfJkS8=">AAABonicZY+7TsNAEEVnwyuEl4GSxsIpUkV2iqQ1QkiIKhHkIcWRtV4mYZW1d7W7RkRWfoGvoYX/4G/Iqwm51dHM3Jk7iRLcWN//JaW9/YPDo/Jx5eT07PzCubzqGZlrhl0mhdSDhBoUPMOu5VbgQGmkaSKwn0zvl/3+O2rDZfZiZwpHKZ1kfMwZtYtS7NQiz5VjV1FtORNo3GqktFRWug9xZPHDFsli27xaiR3Pr/srubsQbMALy7BSO3ZY9CpZnmJmmaDGDANf2VGxOTSvRLlBRdmUTrBgaaL55M1uVYcLzGiKZlSs/ty2iNzO5stUwf8Mu9Br1INmvdlpeOHdOh6U4QZuoQYBtCCER2hDFxh8whd8ww+pkifSIc/r0RLZeK5hSyT6A4BhcMo=</latexit>

# of particles → Ebeam

<latexit sha1_base64="DB7GpiXFOQNej4Q3GjhsqwjGWAY=">AAABx3icZZDNTsJAFIXv4B/Wv6pLN41sXJGWBW4xbnRhggkICSVkOlzKhGmnmZkSsWHhM/k0bPVFbAsxQU7u4ps7c+6c3CARXBvXXZHK3v7B4VH12Do5PTu/sC+v3rRMFcMuk0KqfkA1Ch5j13AjsJ8opFEgsBfMHov73hyV5jLumEWCw4iGMZ9wRk3eGtkvfoAhjzNuMOIfuLT8gqzOlGsnL+okSuazIkdOHI0JVaWvPDEqUFs+xuM/98iuuXW3lLML3gZqrSqUao9s5o8lSyOMDRNU64HnJmaYUWU4E0WatPiUzWiIGYsCxcOp2eoOcoxphHqYlcvYtojULJZWnsr7n2EX3hp1r1lvvjZqrYd1PKjCDdzCHXhwDy14gjZ0gcEXrOAbfsgzkWRO3tdPK2TjuYYtkc9fAlKA+Q==</latexit>

• This is a problem of separation of scales
<latexit sha1_base64="zkjAxjmoTfbwilxPOqV87NoO4z8=">AAABpnicZY+9TgJBFIXv4B/iD6ilzUYoSDRklwITKwwWVAYSF0iA4OxwXSbMzmxmZjVIeAmfxlbfwrdxBRrkVF/OPSc5N4gFN9Z1f0hmZ3dv/yB7mDs6PjnNF87OO0YlmqHPlFC6F1CDgkv0LbcCe7FGGgUCu8G08XfvvqI2XMknO4txGNFQ8hfOqE2tUeGmycOJgxJ1OHPajYc7x0zUG2ouQ6d0XXImdKyV5O/reNGtuEs52+CtoVjPwlKtUYENxoolEUrLBDWm77mxHc6ptpwJXOQGicGYsikNcc6iQKdb7IbbT1HSCM1wvvx1syISO1vk0lXe/w3b0KlWvFql1q4W6/ereZCFS7iCMnhwC3VoQgt8YPABn/AF36RMHolPuqtohqw7F7Ah8vwLoHtyMg==</latexit>

High energy QCD: showering + hadronization

<latexit sha1_base64="qEBdMoseu/EhLXLSOup+JVvheKc=">AAABsXicZY/NTsJAFIVv8Q/rX9Wlm8aycGFIiwlsa9y4xER+DIM4HS84oe1MZqZE0vRRfBq3+gC+jRXYIGf15d5zbs6NZMy18f0fq7K1vbO7V923Dw6Pjk+c07OuFpli2GEiFqofUY0xT7FjuImxLxXSJIqxF03v/va9GSrNRfpo5hKHCZ2kfMwZNeVo5LSI54qxKyKNakbLlLZrRCohjXDxOScG301OPHJdmiRVhrPSUhS1keP5dX8hdxOCFXhhFRZqjxxGXgXLEkwNi6nWg8CXZpivThY2yTRKyqZ0gjlLIsUnb2ZtOigxpQnqYb54ez0SZ2Ze2GWr4H+HTeg26kGz3nxoeOHtsh5U4QIu4QoCaEEI99CGDjD4gE/4gm/rxnqyXqxoaa1Yq8w5rMma/gIfVndW</latexit>

# of observables → e#of particles



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute

<latexit sha1_base64="8YDJETIPa47m5iHUrb+ptBfJkS8=">AAABonicZY+7TsNAEEVnwyuEl4GSxsIpUkV2iqQ1QkiIKhHkIcWRtV4mYZW1d7W7RkRWfoGvoYX/4G/Iqwm51dHM3Jk7iRLcWN//JaW9/YPDo/Jx5eT07PzCubzqGZlrhl0mhdSDhBoUPMOu5VbgQGmkaSKwn0zvl/3+O2rDZfZiZwpHKZ1kfMwZtYtS7NQiz5VjV1FtORNo3GqktFRWug9xZPHDFsli27xaiR3Pr/srubsQbMALy7BSO3ZY9CpZnmJmmaDGDANf2VGxOTSvRLlBRdmUTrBgaaL55M1uVYcLzGiKZlSs/ty2iNzO5stUwf8Mu9Br1INmvdlpeOHdOh6U4QZuoQYBtCCER2hDFxh8whd8ww+pkifSIc/r0RLZeK5hSyT6A4BhcMo=</latexit>

# of particles → Ebeam

<latexit sha1_base64="DB7GpiXFOQNej4Q3GjhsqwjGWAY=">AAABx3icZZDNTsJAFIXv4B/Wv6pLN41sXJGWBW4xbnRhggkICSVkOlzKhGmnmZkSsWHhM/k0bPVFbAsxQU7u4ps7c+6c3CARXBvXXZHK3v7B4VH12Do5PTu/sC+v3rRMFcMuk0KqfkA1Ch5j13AjsJ8opFEgsBfMHov73hyV5jLumEWCw4iGMZ9wRk3eGtkvfoAhjzNuMOIfuLT8gqzOlGsnL+okSuazIkdOHI0JVaWvPDEqUFs+xuM/98iuuXW3lLML3gZqrSqUao9s5o8lSyOMDRNU64HnJmaYUWU4E0WatPiUzWiIGYsCxcOp2eoOcoxphHqYlcvYtojULJZWnsr7n2EX3hp1r1lvvjZqrYd1PKjCDdzCHXhwDy14gjZ0gcEXrOAbfsgzkWRO3tdPK2TjuYYtkc9fAlKA+Q==</latexit>

• This is a problem of separation of scales

<latexit sha1_base64="LBJHeRQTl3CJkI4goyTj4TKgFZ0=">AAABk3icZY9LS8NAFIXv1Fetr6i4EDfBbFyVpIsKuqkv6EaoYJtCG8JkvKZDJ5MwM1FKKP4at/p7/DfGtpvas/o49x7uuVEmuDau+0Mqa+sbm1vV7drO7t7+gXV41NNprhh2WSpS1Y+oRsEldg03AvuZQppEAv1ofPc3999QaZ7KZzPJMEhoLPkrZ9SUVmidtnk8slGiiif2g39l61H6jorLOLQct+7OZK+CtwCnVYWZOqHFhi8pyxOUhgmq9cBzMxMUVBnOBE5rw1xjRtmYxliwJFLlYbPkDkqUNEEdFLPHliMiN5NprWzl/e+wCr1G3WvWm08Np3UzrwdVOINzuAAPLqEFbehAFxh8wCd8wTc5IdfkltzPVytkkTmGJZHHXxo/aws=</latexit>

High energy EW: showering

<latexit sha1_base64="zkjAxjmoTfbwilxPOqV87NoO4z8=">AAABpnicZY+9TgJBFIXv4B/iD6ilzUYoSDRklwITKwwWVAYSF0iA4OxwXSbMzmxmZjVIeAmfxlbfwrdxBRrkVF/OPSc5N4gFN9Z1f0hmZ3dv/yB7mDs6PjnNF87OO0YlmqHPlFC6F1CDgkv0LbcCe7FGGgUCu8G08XfvvqI2XMknO4txGNFQ8hfOqE2tUeGmycOJgxJ1OHPajYc7x0zUG2ouQ6d0XXImdKyV5O/reNGtuEs52+CtoVjPwlKtUYENxoolEUrLBDWm77mxHc6ptpwJXOQGicGYsikNcc6iQKdb7IbbT1HSCM1wvvx1syISO1vk0lXe/w3b0KlWvFql1q4W6/ereZCFS7iCMnhwC3VoQgt8YPABn/AF36RMHolPuqtohqw7F7Ah8vwLoHtyMg==</latexit>

High energy QCD: showering + hadronization

<latexit sha1_base64="qEBdMoseu/EhLXLSOup+JVvheKc=">AAABsXicZY/NTsJAFIVv8Q/rX9Wlm8aycGFIiwlsa9y4xER+DIM4HS84oe1MZqZE0vRRfBq3+gC+jRXYIGf15d5zbs6NZMy18f0fq7K1vbO7V923Dw6Pjk+c07OuFpli2GEiFqofUY0xT7FjuImxLxXSJIqxF03v/va9GSrNRfpo5hKHCZ2kfMwZNeVo5LSI54qxKyKNakbLlLZrRCohjXDxOScG301OPHJdmiRVhrPSUhS1keP5dX8hdxOCFXhhFRZqjxxGXgXLEkwNi6nWg8CXZpivThY2yTRKyqZ0gjlLIsUnb2ZtOigxpQnqYb54ez0SZ2Ze2GWr4H+HTeg26kGz3nxoeOHtsh5U4QIu4QoCaEEI99CGDjD4gE/4gm/rxnqyXqxoaa1Yq8w5rMma/gIfVndW</latexit>

# of observables → e#of particles



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute

<latexit sha1_base64="8YDJETIPa47m5iHUrb+ptBfJkS8=">AAABonicZY+7TsNAEEVnwyuEl4GSxsIpUkV2iqQ1QkiIKhHkIcWRtV4mYZW1d7W7RkRWfoGvoYX/4G/Iqwm51dHM3Jk7iRLcWN//JaW9/YPDo/Jx5eT07PzCubzqGZlrhl0mhdSDhBoUPMOu5VbgQGmkaSKwn0zvl/3+O2rDZfZiZwpHKZ1kfMwZtYtS7NQiz5VjV1FtORNo3GqktFRWug9xZPHDFsli27xaiR3Pr/srubsQbMALy7BSO3ZY9CpZnmJmmaDGDANf2VGxOTSvRLlBRdmUTrBgaaL55M1uVYcLzGiKZlSs/ty2iNzO5stUwf8Mu9Br1INmvdlpeOHdOh6U4QZuoQYBtCCER2hDFxh8whd8ww+pkifSIc/r0RLZeK5hSyT6A4BhcMo=</latexit>

# of particles → Ebeam

<latexit sha1_base64="DB7GpiXFOQNej4Q3GjhsqwjGWAY=">AAABx3icZZDNTsJAFIXv4B/Wv6pLN41sXJGWBW4xbnRhggkICSVkOlzKhGmnmZkSsWHhM/k0bPVFbAsxQU7u4ps7c+6c3CARXBvXXZHK3v7B4VH12Do5PTu/sC+v3rRMFcMuk0KqfkA1Ch5j13AjsJ8opFEgsBfMHov73hyV5jLumEWCw4iGMZ9wRk3eGtkvfoAhjzNuMOIfuLT8gqzOlGsnL+okSuazIkdOHI0JVaWvPDEqUFs+xuM/98iuuXW3lLML3gZqrSqUao9s5o8lSyOMDRNU64HnJmaYUWU4E0WatPiUzWiIGYsCxcOp2eoOcoxphHqYlcvYtojULJZWnsr7n2EX3hp1r1lvvjZqrYd1PKjCDdzCHXhwDy14gjZ0gcEXrOAbfsgzkWRO3tdPK2TjuYYtkc9fAlKA+Q==</latexit>

• This is a problem of separation of scales

<latexit sha1_base64="LBJHeRQTl3CJkI4goyTj4TKgFZ0=">AAABk3icZY9LS8NAFIXv1Fetr6i4EDfBbFyVpIsKuqkv6EaoYJtCG8JkvKZDJ5MwM1FKKP4at/p7/DfGtpvas/o49x7uuVEmuDau+0Mqa+sbm1vV7drO7t7+gXV41NNprhh2WSpS1Y+oRsEldg03AvuZQppEAv1ofPc3999QaZ7KZzPJMEhoLPkrZ9SUVmidtnk8slGiiif2g39l61H6jorLOLQct+7OZK+CtwCnVYWZOqHFhi8pyxOUhgmq9cBzMxMUVBnOBE5rw1xjRtmYxliwJFLlYbPkDkqUNEEdFLPHliMiN5NprWzl/e+wCr1G3WvWm08Np3UzrwdVOINzuAAPLqEFbehAFxh8wCd8wTc5IdfkltzPVytkkTmGJZHHXxo/aws=</latexit>

High energy EW: showering

<latexit sha1_base64="zkjAxjmoTfbwilxPOqV87NoO4z8=">AAABpnicZY+9TgJBFIXv4B/iD6ilzUYoSDRklwITKwwWVAYSF0iA4OxwXSbMzmxmZjVIeAmfxlbfwrdxBRrkVF/OPSc5N4gFN9Z1f0hmZ3dv/yB7mDs6PjnNF87OO0YlmqHPlFC6F1CDgkv0LbcCe7FGGgUCu8G08XfvvqI2XMknO4txGNFQ8hfOqE2tUeGmycOJgxJ1OHPajYc7x0zUG2ouQ6d0XXImdKyV5O/reNGtuEs52+CtoVjPwlKtUYENxoolEUrLBDWm77mxHc6ptpwJXOQGicGYsikNcc6iQKdb7IbbT1HSCM1wvvx1syISO1vk0lXe/w3b0KlWvFql1q4W6/ereZCFS7iCMnhwC3VoQgt8YPABn/AF36RMHolPuqtohqw7F7Ah8vwLoHtyMg==</latexit>

High energy QCD: showering + hadronization

<latexit sha1_base64="GR4RC2WVhbcUuWDOrOrz2inQZaA=">AAABoXicZY/LSsNAFIbP1FuNt6pLN8EguAqJSAVXBTe6a8VeoC1lZnJah85kQmYihNAn6FYfzrcxpl1Y+8OBn+9c+A9LpDA2CL5JbWd3b/+gfugcHZ+cnjXOL3pGZynHLtdSpwNGDUoRY9cKK3GQpEgVk9hn86fffv8DUyN0/GbzBMeKzmIxFZzaEnXeJw0v8INK7rYJ18Zr1aFSe9JYjiLNM4Wx5ZIaMwyDxI4LmlrBJS6cUWYwoXxOZzgsbUwVmnFRBV24NyWJ3KlOy4qtW9G/G4XMbL5xo6DKmFyxTciYltHCccr04f+s26Z354dNv9m591qPqzegDldwDbcQwgO04Bna0AUOCEv4hC/ikRfSJq+r0RpZ71zChsjwB9VMcMo=</latexit>

h

<latexit sha1_base64="OTz9Yl9dXqtK+Yjco/MG4ynEGnU=">AAABqXicZY/LSsNAFIbP1FuMt6hLN8EiCEJJRCq4Krhx2YK9aFPKzHRahs4lzEyEEvIELt3qg/k2xrQLa3848POdC/8hqeDWRdE3qm1t7+zuefv+weHR8UlwetazOjOUdakW2gwItkxwxbqOO8EGqWFYEsH6ZP742++/MWO5Vs9ukbKRxDPFp5xiV6KXhGCTJyorxkE9akSVwk0Tr0y95UGl9jh4TyaaZpIpRwW2dhhHqRvl2DhOBSv8JLMsxXSOZ2xYWoUls6O8ClyEVyWZhFNtylIurOjfjVxkbrF2I8fS2oUk65AQLSaF75fp4/9ZN03vthE3G83OXb31sHwDPLiAS7iGGO6hBU/Qhi5QkPABn/CFblAHDdDrcrSGVjvnsCZEfwA3BXR6</latexit>

ω̄

<latexit sha1_base64="63Iw0OltEXenut4Yuz46vfbD65Y=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkRZcFdwIbqr2Bm0oM9PTMnQyEzITIYQ+gbjVZ/NtjGkX1v5w4Oc7F/7DYimM9f1vUtnZ3ds/cA7do+OT07Pq+UXf6DTh2ONa6mTIqEEpFPassBKHcYI0YhIHbPHw2x+8YWKEVl2bxRhGdK7ETHBqC/Q6VumkWvMbfilv2wRrU2s7UKozqb6Pp5qnESrLJTVmFPixDXOaWMElLt1xajCmfEHnOCqsohGaMC+jLr16QabeTCdFKeuV9O9GLlObbdzIaWRMFrFNyJiW06XrFumD/1m3Tf+2ETQbzee7Wvt+9QY4cAXXcAMBtKANj9CBHnCYwwd8whepkyfyQrqr0QpZ71zChkj4AyoHcbU=</latexit>

ω
<latexit sha1_base64="9Fklm+QusHnQSj787smTzJwGSJc=">AAABpHicZY/LSsNAFIbP1FuNt6pLN8GguCqJSAVXBTcuXFQ0baGJZWZyWodOMiEzEUroEwhu9dV8G9O0C2t/OPDznQv/YakU2rjuD6ltbG5t79R3rb39g8OjxvFJV6s84+hzJVXWZ1SjFAn6RhiJ/TRDGjOJPTa5n/d775hpoZIXM00xjOk4ESPBqZmjAKUcNhy36Vay1423NE67DpU6w8ZHECmex5gYLqnWA89NTVjQzAgucWYFucaU8gkd46C0CY1Rh0WVdWZflCSyRyorKzF2Rf9uFDI305UbBY21nsZsFTKmZDSzrDK99z/ruuleN71Ws/V047TvFm9AHc7gHK7Ag1towwN0wAcOb/AJX/BNLskjeSb+YrRGljunsCLy+gu/PnIZ</latexit>

ω

<latexit sha1_base64="/aaTJPy4FQ0BQBFjCIxNLrwh714=">AAABqHicZY/LSsNAFIbP1FuNt6pLN8EgiIuSiFRwVXDjMoJtI00oM9PTMnSSCTMToYQ+gTu3+mK+jTHtwtofDvx858J/WC6Fsb7/TRpb2zu7e8195+Dw6PikdXrWN6rQHHtcSaUjRg1KkWHPCisxyjXSlEkcsNnjb3/whtoIlb3YeY5JSqeZmAhObYWimFEdo5Sjlue3/VrupglWxus2oVY4ar3HY8WLFDPLJTVmGPi5TUqqreASF05cGMwpn9EpDiub0RRNUtZ5F+5VRcbuROmqMuvW9O9GKQs7X7tR0tSYecrWIWNKjheOU6UP/mfdNP3bdtBpd57vvO7D8g1owgVcwjUEcA9deIIQesBBwgd8whe5ISEZkNflaIOsds5hTYT9AEsNc9I=</latexit>

ω̄

<latexit sha1_base64="qEBdMoseu/EhLXLSOup+JVvheKc=">AAABsXicZY/NTsJAFIVv8Q/rX9Wlm8aycGFIiwlsa9y4xER+DIM4HS84oe1MZqZE0vRRfBq3+gC+jRXYIGf15d5zbs6NZMy18f0fq7K1vbO7V923Dw6Pjk+c07OuFpli2GEiFqofUY0xT7FjuImxLxXSJIqxF03v/va9GSrNRfpo5hKHCZ2kfMwZNeVo5LSI54qxKyKNakbLlLZrRCohjXDxOScG301OPHJdmiRVhrPSUhS1keP5dX8hdxOCFXhhFRZqjxxGXgXLEkwNi6nWg8CXZpivThY2yTRKyqZ0gjlLIsUnb2ZtOigxpQnqYb54ez0SZ2Ze2GWr4H+HTeg26kGz3nxoeOHtsh5U4QIu4QoCaEEI99CGDjD4gE/4gm/rxnqyXqxoaa1Yq8w5rMma/gIfVndW</latexit>

# of observables → e#of particles



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute

<latexit sha1_base64="8YDJETIPa47m5iHUrb+ptBfJkS8=">AAABonicZY+7TsNAEEVnwyuEl4GSxsIpUkV2iqQ1QkiIKhHkIcWRtV4mYZW1d7W7RkRWfoGvoYX/4G/Iqwm51dHM3Jk7iRLcWN//JaW9/YPDo/Jx5eT07PzCubzqGZlrhl0mhdSDhBoUPMOu5VbgQGmkaSKwn0zvl/3+O2rDZfZiZwpHKZ1kfMwZtYtS7NQiz5VjV1FtORNo3GqktFRWug9xZPHDFsli27xaiR3Pr/srubsQbMALy7BSO3ZY9CpZnmJmmaDGDANf2VGxOTSvRLlBRdmUTrBgaaL55M1uVYcLzGiKZlSs/ty2iNzO5stUwf8Mu9Br1INmvdlpeOHdOh6U4QZuoQYBtCCER2hDFxh8whd8ww+pkifSIc/r0RLZeK5hSyT6A4BhcMo=</latexit>

# of particles → Ebeam

<latexit sha1_base64="DB7GpiXFOQNej4Q3GjhsqwjGWAY=">AAABx3icZZDNTsJAFIXv4B/Wv6pLN41sXJGWBW4xbnRhggkICSVkOlzKhGmnmZkSsWHhM/k0bPVFbAsxQU7u4ps7c+6c3CARXBvXXZHK3v7B4VH12Do5PTu/sC+v3rRMFcMuk0KqfkA1Ch5j13AjsJ8opFEgsBfMHov73hyV5jLumEWCw4iGMZ9wRk3eGtkvfoAhjzNuMOIfuLT8gqzOlGsnL+okSuazIkdOHI0JVaWvPDEqUFs+xuM/98iuuXW3lLML3gZqrSqUao9s5o8lSyOMDRNU64HnJmaYUWU4E0WatPiUzWiIGYsCxcOp2eoOcoxphHqYlcvYtojULJZWnsr7n2EX3hp1r1lvvjZqrYd1PKjCDdzCHXhwDy14gjZ0gcEXrOAbfsgzkWRO3tdPK2TjuYYtkc9fAlKA+Q==</latexit>

• This is a problem of separation of scales

<latexit sha1_base64="LBJHeRQTl3CJkI4goyTj4TKgFZ0=">AAABk3icZY9LS8NAFIXv1Fetr6i4EDfBbFyVpIsKuqkv6EaoYJtCG8JkvKZDJ5MwM1FKKP4at/p7/DfGtpvas/o49x7uuVEmuDau+0Mqa+sbm1vV7drO7t7+gXV41NNprhh2WSpS1Y+oRsEldg03AvuZQppEAv1ofPc3999QaZ7KZzPJMEhoLPkrZ9SUVmidtnk8slGiiif2g39l61H6jorLOLQct+7OZK+CtwCnVYWZOqHFhi8pyxOUhgmq9cBzMxMUVBnOBE5rw1xjRtmYxliwJFLlYbPkDkqUNEEdFLPHliMiN5NprWzl/e+wCr1G3WvWm08Np3UzrwdVOINzuAAPLqEFbehAFxh8wCd8wTc5IdfkltzPVytkkTmGJZHHXxo/aws=</latexit>

High energy EW: showering

<latexit sha1_base64="zkjAxjmoTfbwilxPOqV87NoO4z8=">AAABpnicZY+9TgJBFIXv4B/iD6ilzUYoSDRklwITKwwWVAYSF0iA4OxwXSbMzmxmZjVIeAmfxlbfwrdxBRrkVF/OPSc5N4gFN9Z1f0hmZ3dv/yB7mDs6PjnNF87OO0YlmqHPlFC6F1CDgkv0LbcCe7FGGgUCu8G08XfvvqI2XMknO4txGNFQ8hfOqE2tUeGmycOJgxJ1OHPajYc7x0zUG2ouQ6d0XXImdKyV5O/reNGtuEs52+CtoVjPwlKtUYENxoolEUrLBDWm77mxHc6ptpwJXOQGicGYsikNcc6iQKdb7IbbT1HSCM1wvvx1syISO1vk0lXe/w3b0KlWvFql1q4W6/ereZCFS7iCMnhwC3VoQgt8YPABn/AF36RMHolPuqtohqw7F7Ah8vwLoHtyMg==</latexit>

High energy QCD: showering + hadronization

<latexit sha1_base64="GR4RC2WVhbcUuWDOrOrz2inQZaA=">AAABoXicZY/LSsNAFIbP1FuNt6pLN8EguAqJSAVXBTe6a8VeoC1lZnJah85kQmYihNAn6FYfzrcxpl1Y+8OBn+9c+A9LpDA2CL5JbWd3b/+gfugcHZ+cnjXOL3pGZynHLtdSpwNGDUoRY9cKK3GQpEgVk9hn86fffv8DUyN0/GbzBMeKzmIxFZzaEnXeJw0v8INK7rYJ18Zr1aFSe9JYjiLNM4Wx5ZIaMwyDxI4LmlrBJS6cUWYwoXxOZzgsbUwVmnFRBV24NyWJ3KlOy4qtW9G/G4XMbL5xo6DKmFyxTciYltHCccr04f+s26Z354dNv9m591qPqzegDldwDbcQwgO04Bna0AUOCEv4hC/ikRfSJq+r0RpZ71zChsjwB9VMcMo=</latexit>

h

<latexit sha1_base64="OTz9Yl9dXqtK+Yjco/MG4ynEGnU=">AAABqXicZY/LSsNAFIbP1FuMt6hLN8EiCEJJRCq4Krhx2YK9aFPKzHRahs4lzEyEEvIELt3qg/k2xrQLa3848POdC/8hqeDWRdE3qm1t7+zuefv+weHR8UlwetazOjOUdakW2gwItkxwxbqOO8EGqWFYEsH6ZP742++/MWO5Vs9ukbKRxDPFp5xiV6KXhGCTJyorxkE9akSVwk0Tr0y95UGl9jh4TyaaZpIpRwW2dhhHqRvl2DhOBSv8JLMsxXSOZ2xYWoUls6O8ClyEVyWZhFNtylIurOjfjVxkbrF2I8fS2oUk65AQLSaF75fp4/9ZN03vthE3G83OXb31sHwDPLiAS7iGGO6hBU/Qhi5QkPABn/CFblAHDdDrcrSGVjvnsCZEfwA3BXR6</latexit>

ω̄

<latexit sha1_base64="63Iw0OltEXenut4Yuz46vfbD65Y=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkRZcFdwIbqr2Bm0oM9PTMnQyEzITIYQ+gbjVZ/NtjGkX1v5w4Oc7F/7DYimM9f1vUtnZ3ds/cA7do+OT07Pq+UXf6DTh2ONa6mTIqEEpFPassBKHcYI0YhIHbPHw2x+8YWKEVl2bxRhGdK7ETHBqC/Q6VumkWvMbfilv2wRrU2s7UKozqb6Pp5qnESrLJTVmFPixDXOaWMElLt1xajCmfEHnOCqsohGaMC+jLr16QabeTCdFKeuV9O9GLlObbdzIaWRMFrFNyJiW06XrFumD/1m3Tf+2ETQbzee7Wvt+9QY4cAXXcAMBtKANj9CBHnCYwwd8whepkyfyQrqr0QpZ71zChkj4AyoHcbU=</latexit>

ω
<latexit sha1_base64="9Fklm+QusHnQSj787smTzJwGSJc=">AAABpHicZY/LSsNAFIbP1FuNt6pLN8GguCqJSAVXBTcuXFQ0baGJZWZyWodOMiEzEUroEwhu9dV8G9O0C2t/OPDznQv/YakU2rjuD6ltbG5t79R3rb39g8OjxvFJV6s84+hzJVXWZ1SjFAn6RhiJ/TRDGjOJPTa5n/d775hpoZIXM00xjOk4ESPBqZmjAKUcNhy36Vay1423NE67DpU6w8ZHECmex5gYLqnWA89NTVjQzAgucWYFucaU8gkd46C0CY1Rh0WVdWZflCSyRyorKzF2Rf9uFDI305UbBY21nsZsFTKmZDSzrDK99z/ruuleN71Ws/V047TvFm9AHc7gHK7Ag1towwN0wAcOb/AJX/BNLskjeSb+YrRGljunsCLy+gu/PnIZ</latexit>

ω

<latexit sha1_base64="/aaTJPy4FQ0BQBFjCIxNLrwh714=">AAABqHicZY/LSsNAFIbP1FuNt6pLN8EgiIuSiFRwVXDjMoJtI00oM9PTMnSSCTMToYQ+gTu3+mK+jTHtwtofDvx858J/WC6Fsb7/TRpb2zu7e8195+Dw6PikdXrWN6rQHHtcSaUjRg1KkWHPCisxyjXSlEkcsNnjb3/whtoIlb3YeY5JSqeZmAhObYWimFEdo5Sjlue3/VrupglWxus2oVY4ar3HY8WLFDPLJTVmGPi5TUqqreASF05cGMwpn9EpDiub0RRNUtZ5F+5VRcbuROmqMuvW9O9GKQs7X7tR0tSYecrWIWNKjheOU6UP/mfdNP3bdtBpd57vvO7D8g1owgVcwjUEcA9deIIQesBBwgd8whe5ISEZkNflaIOsds5hTYT9AEsNc9I=</latexit>

ω̄

<latexit sha1_base64="9Fklm+QusHnQSj787smTzJwGSJc=">AAABpHicZY/LSsNAFIbP1FuNt6pLN8GguCqJSAVXBTcuXFQ0baGJZWZyWodOMiEzEUroEwhu9dV8G9O0C2t/OPDznQv/YakU2rjuD6ltbG5t79R3rb39g8OjxvFJV6s84+hzJVXWZ1SjFAn6RhiJ/TRDGjOJPTa5n/d775hpoZIXM00xjOk4ESPBqZmjAKUcNhy36Vay1423NE67DpU6w8ZHECmex5gYLqnWA89NTVjQzAgucWYFucaU8gkd46C0CY1Rh0WVdWZflCSyRyorKzF2Rf9uFDI305UbBY21nsZsFTKmZDSzrDK99z/ruuleN71Ws/V047TvFm9AHc7gHK7Ag1towwN0wAcOb/AJX/BNLskjeSb+YrRGljunsCLy+gu/PnIZ</latexit>

ω

<latexit sha1_base64="/aaTJPy4FQ0BQBFjCIxNLrwh714=">AAABqHicZY/LSsNAFIbP1FuNt6pLN8EgiIuSiFRwVXDjMoJtI00oM9PTMnSSCTMToYQ+gTu3+mK+jTHtwtofDvx858J/WC6Fsb7/TRpb2zu7e8195+Dw6PikdXrWN6rQHHtcSaUjRg1KkWHPCisxyjXSlEkcsNnjb3/whtoIlb3YeY5JSqeZmAhObYWimFEdo5Sjlue3/VrupglWxus2oVY4ar3HY8WLFDPLJTVmGPi5TUqqreASF05cGMwpn9EpDiub0RRNUtZ5F+5VRcbuROmqMuvW9O9GKQs7X7tR0tSYecrWIWNKjheOU6UP/mfdNP3bdtBpd57vvO7D8g1owgVcwjUEcA9deIIQesBBwgd8whe5ISEZkNflaIOsds5hTYT9AEsNc9I=</latexit>

ω̄

<latexit sha1_base64="Dns5FIcWVkW7/hMgOSKn5WmGFyE=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FSEBclkVLBVcGN4KZq0xTaWGamp2XoJBMyEyGEPoG41WfzbYxpF9b+cODnOxf+w2IptHGcb1LZ2t7Z3avuWweHR8cntdOzvlZpwtHjSqpkwKhGKSL0jDASB3GCNGQSfTa//+37b5hooaKeyWIMQjqLxFRwagr04r9ej2t1p+mUsjeNuzL1ThVKdce199FE8TTEyHBJtR66TmyCnCZGcIkLa5RqjCmf0xkOCxvREHWQl1EXdqMgE3uqkqIiY5f070YuU5Ot3chpqHUWsnXImJKThWUV6d3/WTdN/6bptpvtp1a9c7d8A6pwAZdwBS7cQgceoAsecJjBB3zCF2mQR/JMesvRClntnMOaSPADsv5xVQ==</latexit>

W →

<latexit sha1_base64="3Ce+82Eb5fMM11PRv5HSYNC16Qo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FQEBclEangquBGcFO1N2xjmZmelqGTTMhMhBD6BOJWn823MaZdGPvDgZ/vXPgPi6TQxnW/SWVjc2t7p7pr7e0fHB7Vjk96WiUxxy5XUsUDRjVKEWLXCCNxEMVIAyaxz+Z3v/3+G8ZaqLBj0gj9gM5CMRWcmhw9v7xejmuO23AL2evGWxmnVYVC7XHtfTRRPAkwNFxSrYeeGxk/o7ERXOLCGiUaI8rndIbD3IY0QO1nRdSFXc/JxJ6qOK/Q2AX9u5HJxKSlGxkNtE4DVoaMKTlZWFae3vufdd30rhpes9F8vHZat8s3oApncA4X4MENtOAe2tAFDjP4gE/4InXyQJ5IZzlaIaudUyiJ+D+2u3FY</latexit>

Z→

<latexit sha1_base64="O3vh/c5W+KeDw2NVgs2Gkd7tqtY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiiouSFKngquDGjVChSQttLTPT0zJ0MhMyE6GEPoELt/povo0x7cLaHw78fOfCf1gihbG+/00qW9s7u3vOvntweHR8Uj09i4zOUo4h11KnPUYNSqEwtMJK7CUp0phJ7LLZ42+/+4apEVp17DzBYUynSkwEp7ZA4UBlr7ejas2v+6W8TROsTK3lQKn2qPo+GGuexagsl9SYfuAndpjT1AouceEOMoMJ5TM6xX5hFY3RDPMy7MK7KsjYm+i0KGW9kv7dyGVm52s3chobM4/ZOmRMy/HCdYv0wf+smyZq1INmvflyV2s9LN8ABy7gEm4ggHtowRO0IQQOAj7gE77INXkmHRItRytktXMOayKjHx6eclE=</latexit>

ω→

<latexit sha1_base64="K242sEPFV6D6ONp74xNBmLGDIUA=">AAABrHicZY/LSsNAFIbP1FuNt6pLN8EiiIuQSKngquDGZYXeoIllZnpahk4yYWYilJAncO9WX8u3MaZdWPvDgZ/vXPgPS6Uw1ve/SW1nd2//oH7oHB2fnJ41zi8GRmWaY58rqfSIUYNSJNi3wkocpRppzCQO2eLptz98Q22ESnp2mWIU03kiZoJTW6IwZFTnIUpZvN5NGk3f8yu52yZYm2anDpW6k8Z7OFU8izGxXFJjxoGf2iin2gousXDCzGBK+YLOcVzahMZoorzKXLg3JZm6M6XLSqxb0b8buczscuNGTmNjljHbhIwpOS0cp0wf/M+6bQb3XtD22i+tZudx9QbU4Qqu4RYCeIAOPEMX+sAhhQ/4hC/ikR4Zk2g1WiPrnUvYEJn9AMkndXo=</latexit>

ω̄→

<latexit sha1_base64="63Iw0OltEXenut4Yuz46vfbD65Y=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkRZcFdwIbqr2Bm0oM9PTMnQyEzITIYQ+gbjVZ/NtjGkX1v5w4Oc7F/7DYimM9f1vUtnZ3ds/cA7do+OT07Pq+UXf6DTh2ONa6mTIqEEpFPassBKHcYI0YhIHbPHw2x+8YWKEVl2bxRhGdK7ETHBqC/Q6VumkWvMbfilv2wRrU2s7UKozqb6Pp5qnESrLJTVmFPixDXOaWMElLt1xajCmfEHnOCqsohGaMC+jLr16QabeTCdFKeuV9O9GLlObbdzIaWRMFrFNyJiW06XrFumD/1m3Tf+2ETQbzee7Wvt+9QY4cAXXcAMBtKANj9CBHnCYwwd8whepkyfyQrqr0QpZ71zChkj4AyoHcbU=</latexit>

ω

<latexit sha1_base64="OTz9Yl9dXqtK+Yjco/MG4ynEGnU=">AAABqXicZY/LSsNAFIbP1FuMt6hLN8EiCEJJRCq4Krhx2YK9aFPKzHRahs4lzEyEEvIELt3qg/k2xrQLa3848POdC/8hqeDWRdE3qm1t7+zuefv+weHR8UlwetazOjOUdakW2gwItkxwxbqOO8EGqWFYEsH6ZP742++/MWO5Vs9ukbKRxDPFp5xiV6KXhGCTJyorxkE9akSVwk0Tr0y95UGl9jh4TyaaZpIpRwW2dhhHqRvl2DhOBSv8JLMsxXSOZ2xYWoUls6O8ClyEVyWZhFNtylIurOjfjVxkbrF2I8fS2oUk65AQLSaF75fp4/9ZN03vthE3G83OXb31sHwDPLiAS7iGGO6hBU/Qhi5QkPABn/CFblAHDdDrcrSGVjvnsCZEfwA3BXR6</latexit>

ω̄

<latexit sha1_base64="3Ce+82Eb5fMM11PRv5HSYNC16Qo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FQEBclEangquBGcFO1N2xjmZmelqGTTMhMhBD6BOJWn823MaZdGPvDgZ/vXPgPi6TQxnW/SWVjc2t7p7pr7e0fHB7Vjk96WiUxxy5XUsUDRjVKEWLXCCNxEMVIAyaxz+Z3v/3+G8ZaqLBj0gj9gM5CMRWcmhw9v7xejmuO23AL2evGWxmnVYVC7XHtfTRRPAkwNFxSrYeeGxk/o7ERXOLCGiUaI8rndIbD3IY0QO1nRdSFXc/JxJ6qOK/Q2AX9u5HJxKSlGxkNtE4DVoaMKTlZWFae3vufdd30rhpes9F8vHZat8s3oApncA4X4MENtOAe2tAFDjP4gE/4InXyQJ5IZzlaIaudUyiJ+D+2u3FY</latexit>

Z→
<latexit sha1_base64="GR4RC2WVhbcUuWDOrOrz2inQZaA=">AAABoXicZY/LSsNAFIbP1FuNt6pLN8EguAqJSAVXBTe6a8VeoC1lZnJah85kQmYihNAn6FYfzrcxpl1Y+8OBn+9c+A9LpDA2CL5JbWd3b/+gfugcHZ+cnjXOL3pGZynHLtdSpwNGDUoRY9cKK3GQpEgVk9hn86fffv8DUyN0/GbzBMeKzmIxFZzaEnXeJw0v8INK7rYJ18Zr1aFSe9JYjiLNM4Wx5ZIaMwyDxI4LmlrBJS6cUWYwoXxOZzgsbUwVmnFRBV24NyWJ3KlOy4qtW9G/G4XMbL5xo6DKmFyxTciYltHCccr04f+s26Z354dNv9m591qPqzegDldwDbcQwgO04Bna0AUOCEv4hC/ikRfSJq+r0RpZ71zChsjwB9VMcMo=</latexit>

h

<latexit sha1_base64="jYZaZMaieCX+eJb6ti3mB7pEsb0=">AAABoXicZY/LSsNAFIbP1FuNt6pLN8EguCqJSAVXBTe6a8VesA1lZnpahs5kQmYihNAn6FYfzrcxpl0Y+8OBn+9c+A+LpTDW979JbWd3b/+gfugcHZ+cnjXOL/pGpwnHHtdSJ0NGDUoRYc8KK3EYJ0gVkzhgi6ff/uADEyN09GazGENF55GYCU5tgbrvk4bnN/1S7rYJNsZr16FUZ9JYjaeapwojyyU1ZhT4sQ1zmljBJS6dcWowpnxB5zgqbEQVmjAvgy7dm4JM3ZlOioqsW9K/G7lMbVa5kVNlTKZYFTKm5XTpOEX64H/WbdO/awatZqt777Uf129AHa7gGm4hgAdowzN0oAccEFbwCV/EIy+kQ17XozWy2bmEisjoB8P2cLw=</latexit>

Z

<latexit sha1_base64="qEBdMoseu/EhLXLSOup+JVvheKc=">AAABsXicZY/NTsJAFIVv8Q/rX9Wlm8aycGFIiwlsa9y4xER+DIM4HS84oe1MZqZE0vRRfBq3+gC+jRXYIGf15d5zbs6NZMy18f0fq7K1vbO7V923Dw6Pjk+c07OuFpli2GEiFqofUY0xT7FjuImxLxXSJIqxF03v/va9GSrNRfpo5hKHCZ2kfMwZNeVo5LSI54qxKyKNakbLlLZrRCohjXDxOScG301OPHJdmiRVhrPSUhS1keP5dX8hdxOCFXhhFRZqjxxGXgXLEkwNi6nWg8CXZpivThY2yTRKyqZ0gjlLIsUnb2ZtOigxpQnqYb54ez0SZ2Ze2GWr4H+HTeg26kGz3nxoeOHtsh5U4QIu4QoCaEEI99CGDjD4gE/4gm/rxnqyXqxoaa1Yq8w5rMma/gIfVndW</latexit>

# of observables → e#of particles



What Can We Calculate?
<latexit sha1_base64="gcscvEMtQfFy6IF5y87TL/6o37Q=">AAAB6nicZZDLTgIxFIZbFMTxNurSzUQ2rsgMC9xi3LDERC4JQ0inHIaGttO0HRUJL+HOuPWZTHwXF84MxAT5V1/O6cn/pZHizFjf/8alvf1y5aB66Bwdn5yeuecXPZOkmkKXJjzRg4gY4ExC1zLLYaA0EBFx6Efz+3zffwJtWCIf7ULBSJBYsimjxGajsavCCGIml8yCYK+wcsKcnDaLZx5I0PHCy0o4m4D24EWBZgKkNR4l0hNATKrBmxLtiSQDOyPSCUPnGYo9TYRKLTghyMlfwdit+XW/iLcLwQZqrSoq0hm7NJwkNM1rKSfGDANf2dGSaMsoz4VTA4rQOYlhSUWkM3O7NR1mKIkAM1oW/7V9wlO7WDmZVfDfYRd6jXrQrDcfGrXW3VoPVdEVukY3KEC3qIXaqIO6iKIv9IPLuII5fsPv+GP9tIQ3N5doK/jzF40zjTY=</latexit>

• High energy collider experiments can measure far more than
we can compute

<latexit sha1_base64="8YDJETIPa47m5iHUrb+ptBfJkS8=">AAABonicZY+7TsNAEEVnwyuEl4GSxsIpUkV2iqQ1QkiIKhHkIcWRtV4mYZW1d7W7RkRWfoGvoYX/4G/Iqwm51dHM3Jk7iRLcWN//JaW9/YPDo/Jx5eT07PzCubzqGZlrhl0mhdSDhBoUPMOu5VbgQGmkaSKwn0zvl/3+O2rDZfZiZwpHKZ1kfMwZtYtS7NQiz5VjV1FtORNo3GqktFRWug9xZPHDFsli27xaiR3Pr/srubsQbMALy7BSO3ZY9CpZnmJmmaDGDANf2VGxOTSvRLlBRdmUTrBgaaL55M1uVYcLzGiKZlSs/ty2iNzO5stUwf8Mu9Br1INmvdlpeOHdOh6U4QZuoQYBtCCER2hDFxh8whd8ww+pkifSIc/r0RLZeK5hSyT6A4BhcMo=</latexit>

# of particles → Ebeam

<latexit sha1_base64="DB7GpiXFOQNej4Q3GjhsqwjGWAY=">AAABx3icZZDNTsJAFIXv4B/Wv6pLN41sXJGWBW4xbnRhggkICSVkOlzKhGmnmZkSsWHhM/k0bPVFbAsxQU7u4ps7c+6c3CARXBvXXZHK3v7B4VH12Do5PTu/sC+v3rRMFcMuk0KqfkA1Ch5j13AjsJ8opFEgsBfMHov73hyV5jLumEWCw4iGMZ9wRk3eGtkvfoAhjzNuMOIfuLT8gqzOlGsnL+okSuazIkdOHI0JVaWvPDEqUFs+xuM/98iuuXW3lLML3gZqrSqUao9s5o8lSyOMDRNU64HnJmaYUWU4E0WatPiUzWiIGYsCxcOp2eoOcoxphHqYlcvYtojULJZWnsr7n2EX3hp1r1lvvjZqrYd1PKjCDdzCHXhwDy14gjZ0gcEXrOAbfsgzkWRO3tdPK2TjuYYtkc9fAlKA+Q==</latexit>

• This is a problem of separation of scales

<latexit sha1_base64="LBJHeRQTl3CJkI4goyTj4TKgFZ0=">AAABk3icZY9LS8NAFIXv1Fetr6i4EDfBbFyVpIsKuqkv6EaoYJtCG8JkvKZDJ5MwM1FKKP4at/p7/DfGtpvas/o49x7uuVEmuDau+0Mqa+sbm1vV7drO7t7+gXV41NNprhh2WSpS1Y+oRsEldg03AvuZQppEAv1ofPc3999QaZ7KZzPJMEhoLPkrZ9SUVmidtnk8slGiiif2g39l61H6jorLOLQct+7OZK+CtwCnVYWZOqHFhi8pyxOUhgmq9cBzMxMUVBnOBE5rw1xjRtmYxliwJFLlYbPkDkqUNEEdFLPHliMiN5NprWzl/e+wCr1G3WvWm08Np3UzrwdVOINzuAAPLqEFbehAFxh8wCd8wTc5IdfkltzPVytkkTmGJZHHXxo/aws=</latexit>

High energy EW: showering

<latexit sha1_base64="zkjAxjmoTfbwilxPOqV87NoO4z8=">AAABpnicZY+9TgJBFIXv4B/iD6ilzUYoSDRklwITKwwWVAYSF0iA4OxwXSbMzmxmZjVIeAmfxlbfwrdxBRrkVF/OPSc5N4gFN9Z1f0hmZ3dv/yB7mDs6PjnNF87OO0YlmqHPlFC6F1CDgkv0LbcCe7FGGgUCu8G08XfvvqI2XMknO4txGNFQ8hfOqE2tUeGmycOJgxJ1OHPajYc7x0zUG2ouQ6d0XXImdKyV5O/reNGtuEs52+CtoVjPwlKtUYENxoolEUrLBDWm77mxHc6ptpwJXOQGicGYsikNcc6iQKdb7IbbT1HSCM1wvvx1syISO1vk0lXe/w3b0KlWvFql1q4W6/ereZCFS7iCMnhwC3VoQgt8YPABn/AF36RMHolPuqtohqw7F7Ah8vwLoHtyMg==</latexit>

High energy QCD: showering + hadronization

<latexit sha1_base64="GR4RC2WVhbcUuWDOrOrz2inQZaA=">AAABoXicZY/LSsNAFIbP1FuNt6pLN8EguAqJSAVXBTe6a8VeoC1lZnJah85kQmYihNAn6FYfzrcxpl1Y+8OBn+9c+A9LpDA2CL5JbWd3b/+gfugcHZ+cnjXOL3pGZynHLtdSpwNGDUoRY9cKK3GQpEgVk9hn86fffv8DUyN0/GbzBMeKzmIxFZzaEnXeJw0v8INK7rYJ18Zr1aFSe9JYjiLNM4Wx5ZIaMwyDxI4LmlrBJS6cUWYwoXxOZzgsbUwVmnFRBV24NyWJ3KlOy4qtW9G/G4XMbL5xo6DKmFyxTciYltHCccr04f+s26Z354dNv9m591qPqzegDldwDbcQwgO04Bna0AUOCEv4hC/ikRfSJq+r0RpZ71zChsjwB9VMcMo=</latexit>

h

<latexit sha1_base64="OTz9Yl9dXqtK+Yjco/MG4ynEGnU=">AAABqXicZY/LSsNAFIbP1FuMt6hLN8EiCEJJRCq4Krhx2YK9aFPKzHRahs4lzEyEEvIELt3qg/k2xrQLa3848POdC/8hqeDWRdE3qm1t7+zuefv+weHR8UlwetazOjOUdakW2gwItkxwxbqOO8EGqWFYEsH6ZP742++/MWO5Vs9ukbKRxDPFp5xiV6KXhGCTJyorxkE9akSVwk0Tr0y95UGl9jh4TyaaZpIpRwW2dhhHqRvl2DhOBSv8JLMsxXSOZ2xYWoUls6O8ClyEVyWZhFNtylIurOjfjVxkbrF2I8fS2oUk65AQLSaF75fp4/9ZN03vthE3G83OXb31sHwDPLiAS7iGGO6hBU/Qhi5QkPABn/CFblAHDdDrcrSGVjvnsCZEfwA3BXR6</latexit>

ω̄

<latexit sha1_base64="63Iw0OltEXenut4Yuz46vfbD65Y=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkRZcFdwIbqr2Bm0oM9PTMnQyEzITIYQ+gbjVZ/NtjGkX1v5w4Oc7F/7DYimM9f1vUtnZ3ds/cA7do+OT07Pq+UXf6DTh2ONa6mTIqEEpFPassBKHcYI0YhIHbPHw2x+8YWKEVl2bxRhGdK7ETHBqC/Q6VumkWvMbfilv2wRrU2s7UKozqb6Pp5qnESrLJTVmFPixDXOaWMElLt1xajCmfEHnOCqsohGaMC+jLr16QabeTCdFKeuV9O9GLlObbdzIaWRMFrFNyJiW06XrFumD/1m3Tf+2ETQbzee7Wvt+9QY4cAXXcAMBtKANj9CBHnCYwwd8whepkyfyQrqr0QpZ71zChkj4AyoHcbU=</latexit>

ω
<latexit sha1_base64="9Fklm+QusHnQSj787smTzJwGSJc=">AAABpHicZY/LSsNAFIbP1FuNt6pLN8GguCqJSAVXBTcuXFQ0baGJZWZyWodOMiEzEUroEwhu9dV8G9O0C2t/OPDznQv/YakU2rjuD6ltbG5t79R3rb39g8OjxvFJV6s84+hzJVXWZ1SjFAn6RhiJ/TRDGjOJPTa5n/d775hpoZIXM00xjOk4ESPBqZmjAKUcNhy36Vay1423NE67DpU6w8ZHECmex5gYLqnWA89NTVjQzAgucWYFucaU8gkd46C0CY1Rh0WVdWZflCSyRyorKzF2Rf9uFDI305UbBY21nsZsFTKmZDSzrDK99z/ruuleN71Ws/V047TvFm9AHc7gHK7Ag1towwN0wAcOb/AJX/BNLskjeSb+YrRGljunsCLy+gu/PnIZ</latexit>

ω

<latexit sha1_base64="/aaTJPy4FQ0BQBFjCIxNLrwh714=">AAABqHicZY/LSsNAFIbP1FuNt6pLN8EgiIuSiFRwVXDjMoJtI00oM9PTMnSSCTMToYQ+gTu3+mK+jTHtwtofDvx858J/WC6Fsb7/TRpb2zu7e8195+Dw6PikdXrWN6rQHHtcSaUjRg1KkWHPCisxyjXSlEkcsNnjb3/whtoIlb3YeY5JSqeZmAhObYWimFEdo5Sjlue3/VrupglWxus2oVY4ar3HY8WLFDPLJTVmGPi5TUqqreASF05cGMwpn9EpDiub0RRNUtZ5F+5VRcbuROmqMuvW9O9GKQs7X7tR0tSYecrWIWNKjheOU6UP/mfdNP3bdtBpd57vvO7D8g1owgVcwjUEcA9deIIQesBBwgd8whe5ISEZkNflaIOsds5hTYT9AEsNc9I=</latexit>

ω̄

<latexit sha1_base64="9Fklm+QusHnQSj787smTzJwGSJc=">AAABpHicZY/LSsNAFIbP1FuNt6pLN8GguCqJSAVXBTcuXFQ0baGJZWZyWodOMiEzEUroEwhu9dV8G9O0C2t/OPDznQv/YakU2rjuD6ltbG5t79R3rb39g8OjxvFJV6s84+hzJVXWZ1SjFAn6RhiJ/TRDGjOJPTa5n/d775hpoZIXM00xjOk4ESPBqZmjAKUcNhy36Vay1423NE67DpU6w8ZHECmex5gYLqnWA89NTVjQzAgucWYFucaU8gkd46C0CY1Rh0WVdWZflCSyRyorKzF2Rf9uFDI305UbBY21nsZsFTKmZDSzrDK99z/ruuleN71Ws/V047TvFm9AHc7gHK7Ag1towwN0wAcOb/AJX/BNLskjeSb+YrRGljunsCLy+gu/PnIZ</latexit>

ω

<latexit sha1_base64="/aaTJPy4FQ0BQBFjCIxNLrwh714=">AAABqHicZY/LSsNAFIbP1FuNt6pLN8EgiIuSiFRwVXDjMoJtI00oM9PTMnSSCTMToYQ+gTu3+mK+jTHtwtofDvx858J/WC6Fsb7/TRpb2zu7e8195+Dw6PikdXrWN6rQHHtcSaUjRg1KkWHPCisxyjXSlEkcsNnjb3/whtoIlb3YeY5JSqeZmAhObYWimFEdo5Sjlue3/VrupglWxus2oVY4ar3HY8WLFDPLJTVmGPi5TUqqreASF05cGMwpn9EpDiub0RRNUtZ5F+5VRcbuROmqMuvW9O9GKQs7X7tR0tSYecrWIWNKjheOU6UP/mfdNP3bdtBpd57vvO7D8g1owgVcwjUEcA9deIIQesBBwgd8whe5ISEZkNflaIOsds5hTYT9AEsNc9I=</latexit>

ω̄

<latexit sha1_base64="Dns5FIcWVkW7/hMgOSKn5WmGFyE=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FSEBclkVLBVcGN4KZq0xTaWGamp2XoJBMyEyGEPoG41WfzbYxpF9b+cODnOxf+w2IptHGcb1LZ2t7Z3avuWweHR8cntdOzvlZpwtHjSqpkwKhGKSL0jDASB3GCNGQSfTa//+37b5hooaKeyWIMQjqLxFRwagr04r9ej2t1p+mUsjeNuzL1ThVKdce199FE8TTEyHBJtR66TmyCnCZGcIkLa5RqjCmf0xkOCxvREHWQl1EXdqMgE3uqkqIiY5f070YuU5Ot3chpqHUWsnXImJKThWUV6d3/WTdN/6bptpvtp1a9c7d8A6pwAZdwBS7cQgceoAsecJjBB3zCF2mQR/JMesvRClntnMOaSPADsv5xVQ==</latexit>

W →

<latexit sha1_base64="3Ce+82Eb5fMM11PRv5HSYNC16Qo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FQEBclEangquBGcFO1N2xjmZmelqGTTMhMhBD6BOJWn823MaZdGPvDgZ/vXPgPi6TQxnW/SWVjc2t7p7pr7e0fHB7Vjk96WiUxxy5XUsUDRjVKEWLXCCNxEMVIAyaxz+Z3v/3+G8ZaqLBj0gj9gM5CMRWcmhw9v7xejmuO23AL2evGWxmnVYVC7XHtfTRRPAkwNFxSrYeeGxk/o7ERXOLCGiUaI8rndIbD3IY0QO1nRdSFXc/JxJ6qOK/Q2AX9u5HJxKSlGxkNtE4DVoaMKTlZWFae3vufdd30rhpes9F8vHZat8s3oApncA4X4MENtOAe2tAFDjP4gE/4InXyQJ5IZzlaIaudUyiJ+D+2u3FY</latexit>

Z→

<latexit sha1_base64="O3vh/c5W+KeDw2NVgs2Gkd7tqtY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiiouSFKngquDGjVChSQttLTPT0zJ0MhMyE6GEPoELt/povo0x7cLaHw78fOfCf1gihbG+/00qW9s7u3vOvntweHR8Uj09i4zOUo4h11KnPUYNSqEwtMJK7CUp0phJ7LLZ42+/+4apEVp17DzBYUynSkwEp7ZA4UBlr7ejas2v+6W8TROsTK3lQKn2qPo+GGuexagsl9SYfuAndpjT1AouceEOMoMJ5TM6xX5hFY3RDPMy7MK7KsjYm+i0KGW9kv7dyGVm52s3chobM4/ZOmRMy/HCdYv0wf+smyZq1INmvflyV2s9LN8ABy7gEm4ggHtowRO0IQQOAj7gE77INXkmHRItRytktXMOayKjHx6eclE=</latexit>

ω→

<latexit sha1_base64="K242sEPFV6D6ONp74xNBmLGDIUA=">AAABrHicZY/LSsNAFIbP1FuNt6pLN8EiiIuQSKngquDGZYXeoIllZnpahk4yYWYilJAncO9WX8u3MaZdWPvDgZ/vXPgPS6Uw1ve/SW1nd2//oH7oHB2fnJ41zi8GRmWaY58rqfSIUYNSJNi3wkocpRppzCQO2eLptz98Q22ESnp2mWIU03kiZoJTW6IwZFTnIUpZvN5NGk3f8yu52yZYm2anDpW6k8Z7OFU8izGxXFJjxoGf2iin2gousXDCzGBK+YLOcVzahMZoorzKXLg3JZm6M6XLSqxb0b8buczscuNGTmNjljHbhIwpOS0cp0wf/M+6bQb3XtD22i+tZudx9QbU4Qqu4RYCeIAOPEMX+sAhhQ/4hC/ikR4Zk2g1WiPrnUvYEJn9AMkndXo=</latexit>

ω̄→

<latexit sha1_base64="63Iw0OltEXenut4Yuz46vfbD65Y=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkRZcFdwIbqr2Bm0oM9PTMnQyEzITIYQ+gbjVZ/NtjGkX1v5w4Oc7F/7DYimM9f1vUtnZ3ds/cA7do+OT07Pq+UXf6DTh2ONa6mTIqEEpFPassBKHcYI0YhIHbPHw2x+8YWKEVl2bxRhGdK7ETHBqC/Q6VumkWvMbfilv2wRrU2s7UKozqb6Pp5qnESrLJTVmFPixDXOaWMElLt1xajCmfEHnOCqsohGaMC+jLr16QabeTCdFKeuV9O9GLlObbdzIaWRMFrFNyJiW06XrFumD/1m3Tf+2ETQbzee7Wvt+9QY4cAXXcAMBtKANj9CBHnCYwwd8whepkyfyQrqr0QpZ71zChkj4AyoHcbU=</latexit>

ω

<latexit sha1_base64="OTz9Yl9dXqtK+Yjco/MG4ynEGnU=">AAABqXicZY/LSsNAFIbP1FuMt6hLN8EiCEJJRCq4Krhx2YK9aFPKzHRahs4lzEyEEvIELt3qg/k2xrQLa3848POdC/8hqeDWRdE3qm1t7+zuefv+weHR8UlwetazOjOUdakW2gwItkxwxbqOO8EGqWFYEsH6ZP742++/MWO5Vs9ukbKRxDPFp5xiV6KXhGCTJyorxkE9akSVwk0Tr0y95UGl9jh4TyaaZpIpRwW2dhhHqRvl2DhOBSv8JLMsxXSOZ2xYWoUls6O8ClyEVyWZhFNtylIurOjfjVxkbrF2I8fS2oUk65AQLSaF75fp4/9ZN03vthE3G83OXb31sHwDPLiAS7iGGO6hBU/Qhi5QkPABn/CFblAHDdDrcrSGVjvnsCZEfwA3BXR6</latexit>

ω̄

<latexit sha1_base64="3Ce+82Eb5fMM11PRv5HSYNC16Qo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FQEBclEangquBGcFO1N2xjmZmelqGTTMhMhBD6BOJWn823MaZdGPvDgZ/vXPgPi6TQxnW/SWVjc2t7p7pr7e0fHB7Vjk96WiUxxy5XUsUDRjVKEWLXCCNxEMVIAyaxz+Z3v/3+G8ZaqLBj0gj9gM5CMRWcmhw9v7xejmuO23AL2evGWxmnVYVC7XHtfTRRPAkwNFxSrYeeGxk/o7ERXOLCGiUaI8rndIbD3IY0QO1nRdSFXc/JxJ6qOK/Q2AX9u5HJxKSlGxkNtE4DVoaMKTlZWFae3vufdd30rhpes9F8vHZat8s3oApncA4X4MENtOAe2tAFDjP4gE/4InXyQJ5IZzlaIaudUyiJ+D+2u3FY</latexit>

Z→
<latexit sha1_base64="GR4RC2WVhbcUuWDOrOrz2inQZaA=">AAABoXicZY/LSsNAFIbP1FuNt6pLN8EguAqJSAVXBTe6a8VeoC1lZnJah85kQmYihNAn6FYfzrcxpl1Y+8OBn+9c+A9LpDA2CL5JbWd3b/+gfugcHZ+cnjXOL3pGZynHLtdSpwNGDUoRY9cKK3GQpEgVk9hn86fffv8DUyN0/GbzBMeKzmIxFZzaEnXeJw0v8INK7rYJ18Zr1aFSe9JYjiLNM4Wx5ZIaMwyDxI4LmlrBJS6cUWYwoXxOZzgsbUwVmnFRBV24NyWJ3KlOy4qtW9G/G4XMbL5xo6DKmFyxTciYltHCccr04f+s26Z354dNv9m591qPqzegDldwDbcQwgO04Bna0AUOCEv4hC/ikRfSJq+r0RpZ71zChsjwB9VMcMo=</latexit>

h

<latexit sha1_base64="jYZaZMaieCX+eJb6ti3mB7pEsb0=">AAABoXicZY/LSsNAFIbP1FuNt6pLN8EguCqJSAVXBTe6a8VesA1lZnpahs5kQmYihNAn6FYfzrcxpl0Y+8OBn+9c+A+LpTDW979JbWd3b/+gfugcHZ+cnjXOL/pGpwnHHtdSJ0NGDUoRYc8KK3EYJ0gVkzhgi6ff/uADEyN09GazGENF55GYCU5tgbrvk4bnN/1S7rYJNsZr16FUZ9JYjaeapwojyyU1ZhT4sQ1zmljBJS6dcWowpnxB5zgqbEQVmjAvgy7dm4JM3ZlOioqsW9K/G7lMbVa5kVNlTKZYFTKm5XTpOEX64H/WbdO/awatZqt777Uf129AHa7gGm4hgAdowzN0oAccEFbwCV/EIy+kQ17XozWy2bmEisjoB8P2cLw=</latexit>

Z

<latexit sha1_base64="qEBdMoseu/EhLXLSOup+JVvheKc=">AAABsXicZY/NTsJAFIVv8Q/rX9Wlm8aycGFIiwlsa9y4xER+DIM4HS84oe1MZqZE0vRRfBq3+gC+jRXYIGf15d5zbs6NZMy18f0fq7K1vbO7V923Dw6Pjk+c07OuFpli2GEiFqofUY0xT7FjuImxLxXSJIqxF03v/va9GSrNRfpo5hKHCZ2kfMwZNeVo5LSI54qxKyKNakbLlLZrRCohjXDxOScG301OPHJdmiRVhrPSUhS1keP5dX8hdxOCFXhhFRZqjxxGXgXLEkwNi6nWg8CXZpivThY2yTRKyqZ0gjlLIsUnb2ZtOigxpQnqYb54ez0SZ2Ze2GWr4H+HTeg26kGz3nxoeOHtsh5U4QIu4QoCaEEI99CGDjD4gE/4gm/rxnqyXqxoaa1Yq8w5rMma/gIfVndW</latexit>

# of observables → e#of particles

<latexit sha1_base64="RxZQ762WFOWT0nLWcAKCRhQ6A8E=">AAABuXicZY87TwJBFIXv4AvxtWppM5EtLAzsEoOFhUuMiSUmwhIByexwhZHZR3ZmiYTwc/w1tlr4bxyBBjnVl3vvOTk3SKRQ2nF+SG5jc2t7J79b2Ns/ODyyjk+aKs5Sjg0eyzhtBUyhFBE2tNASW0mKLAwk+sHo7m/vjzFVIo6e9CTBbsgGkXgVnGkz6lm3NU3r2KQmSYo+ppcU3xPkmtodJULqOi9XNrX98nN5aFMRUZNhvJLe+xTHGOmeVXRKzlx0HdwlFL08zFXvWbzTj3kWGi+XTKm26yS6O2WpFlzirNDJFCaMj9gApzwMUjEY6pVp22DEQlTd6fz9VYvM9GRWMK3c/x3WoVkpudVS9bFS9GqLepCHMziHC3DhGjx4gDo0gMMHfMIXfJMbwsiQvC1Oc2TpOYUVEfULnBR3ng==</latexit>

At PeV collider, expect → 104 W/Z/h in typical EW event



QCD: Factorization

<latexit sha1_base64="IGxqE/au48ws2lZInFndpbajRJA=">AAABrHicZY/LSsNAFIbP1FuNt6pLN4NFEISQiNRtwI3LCr1BE8rM9LQMnWSGzEQooU/g3q2+lm9jTF1Y+8OBn+9c+A83SloXBF+ksbO7t3/QPPSOjk9Oz1rnFwOri1xgX2il8xFnFpXMsO+kUzgyObKUKxzyxdNPf/iKuZU667mlwSRl80zOpGCuQrExNHaaDukdHU1a7cAPatFtE/6adtSEWt1J6y2ealGkmDmhmLXjMDAuKVnupFC48uLComFiweY4rmzGUrRJWWde0ZuKTOlM51Vljtb070apCrfcuFGy1Nplyjch51pNV55XpQ//Z902g3s/7Pidl4d2FK3fgCZcwTXcQgiPEMEzdKEPAgy8wwd8Ep/0yJgk69EG+d25hA2R2TdMdnRP</latexit>

pp → W +X
<latexit sha1_base64="P43sO8MDtRqz747z29Q9/LL6/9s=">AAABuXicZU/LSgMxFL2przq+Rl24cBMsgiCUGZG6cDPgxmUF+4BOKUma1tjMJCQZoQzzBX6GW/0g/8bp2IW1By73cO49l3OplsK6IPhGtY3Nre2d+q63t39weOQfn3StygzjHaakMn1KLJci5R0nnOR9bThJqOQ9OntYzHtv3Fih0mc313yYkGkqJoIRV0oj/0xrHDuFYy5lTIlZdHyN+yO/ETSDCnidhEvSiOpQoT3y3+OxYlnCU8cksXYQBtoNc2KcYJIXXpxZrgmbkSkflDQlCbfDvHqgwJelMsYTZcpKHa7Uv45cZm6+ciMnibXzhK6KlCo5LjyvTB/+z7pOujfNsNVsPd02ouj3DajDOVzAFYRwBxE8Qhs6wKCAD/iEL3SPCHpBr7+rNbT0nMIKkP0BEHt5Wg==</latexit>

pp → ωω̄+X
<latexit sha1_base64="bf8B4LOJwNyCYMinFKiawB8sdvg=">AAABpnicZY/LSsNAFIbP1FuNt6pLN8EidFUSkboNuHElFUxbaEqdmZyWsZNMyEwKIeQJ3LjVN/NtjGkX1v5w4Oc7F/7DEim0cZxv0tjZ3ds/aB5aR8cnp2et84uBVlnK0edKqnTEqEYpYvSNMBJHSYo0YhKHbPHw2x8uMdVCxS8mT3AS0XksZoJTU6FBsAyV0dNW2+k6text465N22tCrf609R6EimcRxoZLqvXYdRIzKWhqBJdYWkGmMaF8Qec4rmxMI9STok5b2jcVCe2ZSquKjV3TvxuFzEy+caOgkdZ5xDYhY0qGpWVV6d3/WbfN4Lbr9rq957u2563egCZcwTV0wIV78OAR+uADhzf4gE/4Ih3yRHwyXI02yHrnEjZEXn8AOzFzJg==</latexit>...

<latexit sha1_base64="aUVQdCgGotDr1sSsH/QUgmJNfD0=">AAAB8HicZZDLSgMxFIaTeqvTqqMu3Qx246rMFKzgquLGZUV7gU4pmcxpG5rJxCRTKMO8hztx6xsJPozpBaT2X32ck3PORyLJmTa+/41Le/sHh0flY6dSPTk9c88vujrNFIUOTXmq+hHRwJmAjmGGQ18qIEnEoRfNHpf93hyUZql4NQsJw4RMBBszSowtjdx5GMGEiTxhgkkygWJghvktE4XzYoiIiYo9IqVKCZ3ee+OUZtpLhSeJMoxwvvCYoDzTbA7eW0aEFWCgHS8UaWQtZrkFJmIQpghBxH9XRm7Nr/ureLsQbKDWKqNV2iOXhrG9nthVlBOtB4EvrenSg3IonDDTIAmd2eU5TSLFJlOzVR1YFCQBPcxXv7Y9wjOzKBxrFfx32IVuox40683nRq31sNZDZXSFrtENCtAdaqEn1EYdRNEPLuEKrmKF3/EH/lw/LeHNzCXaCv76BUPhkMg=</latexit>

Standard approach: focus on partially inclusive quantities

<latexit sha1_base64="pQjVjDFE6Va8tyLaf44JrYh1AZk=">AAABtHicZU9NS8NAEJ2tXzV+xXr0EiyCp5KI1GvAi8cK9gOaUna307J0sxt2N2IJ/QX+B6/6l/w3pmkP1j4Y5vFm3vCGZVJYF4Y/pLa3f3B4VD/2Tk7Pzi/8y0bP6txw7HIttRkwalEKhV0nnMRBZpCmTGKfzZ9W8/4bGiu0enWLDEcpnSkxFZy6Uhr7jQSlTBg1qx4kTgeDsd8MW2GFYJdEG9KM61ChM/Y/konmeYrKcUmtHUZh5kYFNU5wiUsvyS1mlM/pDIclVTRFOyqq7MvgtlQmwVSbspQLKvWvo5C5W2zdKGhq7SJl2yJjWk6Wnlemj/5n3SW9+1bUbrVfHppxvH4D6nANN3AHETxCDM/QgS5weIdP+IJv0iYJ4QTXqzWy8VzBFoj6BZ10d90=</latexit>

ωω̄ → X
<latexit sha1_base64="c2o1xDlgFtFs7BuWMdLbKM3EhP0=">AAABpnicZY/LSsNAFIbP1FuNt6pLN8EidFUSkboSAm5cSQXTBNpSZ6anZewkEzITIYQ8gRu3+ma+jTHtwtofDvx858J/WCKFNo7zTRpb2zu7e8196+Dw6PikdXo20CpLOfpcSZWGjGqUIkbfCCMxTFKkEZMYsMX9bz94w1QLFT+bPMFxROexmAlOTYUGoX1nF+Wk1Xa6Ti1707gr0/aaUKs/ab2PpopnEcaGS6r10HUSMy5oagSXWFqjTGNC+YLOcVjZmEaox0WdtrSvKjK1ZyqtKjZ2Tf9uFDIz+dqNgkZa5xFbh4wpOS0tq0rv/s+6aQbXXbfX7T3dtD1v+QY04QIuoQMu3IIHD9AHHzi8wgd8whfpkEfik2A52iCrnXNYE3n5AUwncmc=</latexit>

X =
<latexit sha1_base64="gCnyB8NTXi/nl/O1MKU10dlINhI=">AAABvXicZZBLT8JAFIVv8YX1VXXphsjGFWlJxKUYNi4xkUdCCZmZXsuE6bSZmWpI0x/kr3Er/8axkBjkrL7cuefMyaWZ4Nr4/sqp7e0fHB7Vj92T07PzC+/yaqjTXDEcsFSkakyJRsElDgw3AseZQpJQgSO66P2+j95RaZ7KV7PMcJqQWPI3zoixo5nXCynGXBYJlzwjMZYTMy3uuSzdOYlUKrXbCGVKbeSisMBlhNKUIcrozzLzmn7Lr9TYhWADzW4dKvVnHgujlOWJjWKCaD0J/Mx+S5ThTGDphrnGjLCFDS9YQhWP52ZrOrEoSYJ6WlQn2LaI3CxL17YK/nfYhWG7FXRanZd2s/u0rgd1uIFbuIMAHqALz9CHATD4hC/4hpXz6KAjHLlerTkbzzVsyfn4AUI/flU=</latexit>

hadrons



QCD: Factorization

<latexit sha1_base64="IGxqE/au48ws2lZInFndpbajRJA=">AAABrHicZY/LSsNAFIbP1FuNt6pLN4NFEISQiNRtwI3LCr1BE8rM9LQMnWSGzEQooU/g3q2+lm9jTF1Y+8OBn+9c+A83SloXBF+ksbO7t3/QPPSOjk9Oz1rnFwOri1xgX2il8xFnFpXMsO+kUzgyObKUKxzyxdNPf/iKuZU667mlwSRl80zOpGCuQrExNHaaDukdHU1a7cAPatFtE/6adtSEWt1J6y2ealGkmDmhmLXjMDAuKVnupFC48uLComFiweY4rmzGUrRJWWde0ZuKTOlM51Vljtb070apCrfcuFGy1Nplyjch51pNV55XpQ//Z902g3s/7Pidl4d2FK3fgCZcwTXcQgiPEMEzdKEPAgy8wwd8Ep/0yJgk69EG+d25hA2R2TdMdnRP</latexit>

pp → W +X
<latexit sha1_base64="P43sO8MDtRqz747z29Q9/LL6/9s=">AAABuXicZU/LSgMxFL2przq+Rl24cBMsgiCUGZG6cDPgxmUF+4BOKUma1tjMJCQZoQzzBX6GW/0g/8bp2IW1By73cO49l3OplsK6IPhGtY3Nre2d+q63t39weOQfn3StygzjHaakMn1KLJci5R0nnOR9bThJqOQ9OntYzHtv3Fih0mc313yYkGkqJoIRV0oj/0xrHDuFYy5lTIlZdHyN+yO/ETSDCnidhEvSiOpQoT3y3+OxYlnCU8cksXYQBtoNc2KcYJIXXpxZrgmbkSkflDQlCbfDvHqgwJelMsYTZcpKHa7Uv45cZm6+ciMnibXzhK6KlCo5LjyvTB/+z7pOujfNsNVsPd02ouj3DajDOVzAFYRwBxE8Qhs6wKCAD/iEL3SPCHpBr7+rNbT0nMIKkP0BEHt5Wg==</latexit>

pp → ωω̄+X
<latexit sha1_base64="bf8B4LOJwNyCYMinFKiawB8sdvg=">AAABpnicZY/LSsNAFIbP1FuNt6pLN8EidFUSkboNuHElFUxbaEqdmZyWsZNMyEwKIeQJ3LjVN/NtjGkX1v5w4Oc7F/7DEim0cZxv0tjZ3ds/aB5aR8cnp2et84uBVlnK0edKqnTEqEYpYvSNMBJHSYo0YhKHbPHw2x8uMdVCxS8mT3AS0XksZoJTU6FBsAyV0dNW2+k6text465N22tCrf609R6EimcRxoZLqvXYdRIzKWhqBJdYWkGmMaF8Qec4rmxMI9STok5b2jcVCe2ZSquKjV3TvxuFzEy+caOgkdZ5xDYhY0qGpWVV6d3/WbfN4Lbr9rq957u2563egCZcwTV0wIV78OAR+uADhzf4gE/4Ih3yRHwyXI02yHrnEjZEXn8AOzFzJg==</latexit>...

<latexit sha1_base64="bwpKExghWTP5XUrOANFUe9EpL0U=">AAABzXicZZDLTsJAFIZP8Yb1VnXphsjGFWlJxMQVxsS4E6MgCSVkOhxhwnSmmZmaYK1bn8lHceVW38KxkBjkX305l//8OVHCmTa+/+GUVlbX1jfKm+7W9s7unrd/0NEyVRTbVHKpuhHRyJnAtmGGYzdRSOKI40M0ufztPzyh0kyKezNNsB+TkWCPjBJjSwPvLoxwxEQWM8ESMsK8Z/rZKRO5e0WokYo9F4MVM0apMNbnbiUUMrInJpkFJoYoTB6iGP5ZDLyqX/MLVZYhmEO1WYZCrYFHw6GkaWytKCda9wI/sTGIMoxyzN0w1ZgQOrHmGY0jxUZjs1DtWRQkRt3PipcsrvDUTHPXpgr+Z1iGTr0WNGqN23q1eTGLB2U4gmM4gQDOoAnX0II2UHiHT/iCb+fGSZ0X53U2WnLmO4ewIOftBxjghSQ=</latexit>

Factorization theorems:

<latexit sha1_base64="DtSuu2v0W2H4Wwc0B+6GoUO0JIY=">AAAByHicZU/LSsNAFL2prxhfUZduBotSEUoiUrcBN+Kqgn1AU8rMdFqGTjJhZqKEkI1b/Rq3+iP+jWnahbUHLvfccx+cSxLBtfG8H6u2sbm1vWPvOnv7B4dH7vFJV8tUUdahUkjVJ1gzwWPWMdwI1k8UwxERrEdm9/N+74UpzWX8bLKEDSM8jfmEU2xKaeRe5gUKDY+YRqHmDUzKSqKQCRESrOYZXaP+1cite02vAlon/pLUAxsqtEfueziWNI1YbKjAWg98LzHDHCvDqWCFE6aaJZjO8JQNShrj0sEwr/4p0EWpjNFEqjJigyr170YuUpOt3MhxpHUWkVWRECnGheOU7v3/XtdJ96bpt5qtp9t6ECzeABvO4Bwa4MMdBPAAbegAhQ/4hC/4th6txHq1ssVozVrunMIKrLdfONh/Eg==</latexit>

→ ω(ab ↑ εε̄+X)

<latexit sha1_base64="IEf2YE2MH8bkqJxA1yGETMbaA8k=">AAAB03icdU/LSsNAFL3xWeMr6tJNsAjtps0Eie0u4MZlBdMWmhJmJtM2dPIgMxFLyEbciWu/xq1+g39jmirYhQcunHvug3NIwgMhDeNL2djc2t7Zre2p+weHR8fayWlfxFlKmUNjHqdDggXjQcQcGUjOhknKcEg4G5D5zXI+eGCpCOLoXi4SNg7xNAomAcWylDwNuVnks5SkmLLcnSUzHMk4zCdejtq4aDx6qKmXjdkmy8ZsFoWn1Y2WUcKy9CVBHQOVpNvtmGZXR9XIMOp2DSr0PO3F9WOahSySlGMhRshI5DjHqQwoZ4XqZoIlmM7xlI1KGuGQiXFeRSv0y1Lx9UmclhVJvVL/XuQ8k4u1HzkOhViEZF0kJOZ+oaql+1+L+v+kb7aQ1bLuruq2vYoBNTiHC2gAgmuw4RZ64ACFN3iHD/hUHCVXnpTn1eqG8nNzBmtQXr8B+SqEqQ==</latexit>︸ ︷︷ ︸
<latexit sha1_base64="nU0JRUyVgm2yQBNLimxiloMxrBU=">AAABunicdY/LSsNAFIZP6q3GW9Slm2A3rsokYNpCFwE3LivYCzSlzEyncchkEjIToYS8jk/jVsG3cdoq0oX/6uNc/v8ckguuNEJfVmNv/+DwqHlsn5yenV84l1cjlZUFZUOaiayYEKyY4JINNdeCTfKC4ZQINibJw7o/fmWF4pl81quczVIcS77kFGtTmjthRFjMZZVyyXMcs3qqZ9U9l7WtsqW23UhmxPgllQEuF0zqOmJy8Tc/d1qojYyCwF2D10WegV6v6/s919u0EGqFTdhoMHdotMhomRorKrBSUw/lJhMXmlPBajsqFcsxTYx5RVNS8PhF71SnBiVOmZpVm/93V0SpV7VtrvqNdv+Hkd/2gnbw5LfC/vY8aMIN3MIdeNCBEB5hAEOg8Abv8AGfVt8iFreS7WjD+tm5hh1Z+ht0jX08</latexit>

soft

<latexit sha1_base64="aNB/23GhM261heieanDm9jACs2E=">AAAB1nicdU9NS8NAEJ3Ur1q/oh69LBahIpSklNreCl48VrBtoClld7ttl26yYXcjlBBv4sGLZ3+NV/0H/hvTVMEefDDM472Z4Q2JBNfGcb6swsbm1vZOcbe0t39weGQfn/S0jBVlXSqFVB7Bmgkesq7hRjAvUgwHRLA+md8s/f4DU5rL8N4sIjYM8DTkE06xyaSRXffjcMwUUZiyxJ9FMxwaGSS+5hVMkG8k8pkQPsFq2dEV8i7TdGSXnaqTodFAS+I2HTcjrVazVmshN7ccp9wuQo7OyH7xx5LGAQsNFVjrgetEZphgZTgVLC35sWYRpnM8ZYOMhjhgepjk36XoIlPGaCJVVqFBufp3IxGxWazdSHCg9SIg6yIhUozTUilL/xsR/U96tarbqDbu6uV2e/UGFOEMzqECLlxDG26hA12g8Abv8AGflmc9Wk/W82q0YP3snMIarNdvhXyGRw==</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="33KMyLakJFYLr0pBe2TYC0y6S0I=">AAABunicdY/LSsNAFIZPvNZ4i7p0E+zGVZkEjC10EXDjsoK9QFPKzGRMh0wmITMRSsjr+DRuFXwbp60iXfivPs7l/88hheBKI/Rl7ezu7R8cto7s45PTs3Pn4nKk8qqkbEhzkZcTghUTXLKh5lqwSVEynBHBxiR9WPXHr6xUPJfPelmwWYYTyV84xdqU5k4YEZZwWWdc8gInrJnqWX3HZWMvcBnbbiRzYvzS2gCXMZO6iZiM/+bnTht1kFEQuCvwusgz0Ot1fb/neusWQu2wBWsN5g6N4pxWmbGiAis19VBhMnGpORWssaNKsQLT1JjXNCMlTxZ6qzo1KHHG1Kxe/7+9Iiq9bGxz1W+0+z+M/I4XdIInvx32N+dBC67hBm7Bg3sI4REGMAQKb/AOH/Bp9S1icSvdjO5YPztXsCVLfwNRBH0f</latexit>

hard

<latexit sha1_base64="h03iAhrBmwamdaaOzVUxzgIfJaQ=">AAACH3icZVDLTgIxFG3xBeMLYemmSkwgGpghBrckblxiIo+EYtPOlElD55Fpx0gm8wV+hV/jzrhl7Y84DCwETnJzzz333JvbslAKpU1zAQt7+weHR8WScXxyenZevqgMVBBHNu/bgQyiEaOKS+HzvhZa8lEYceoxyYds9rjsD994pETgv+h5yCcedX0xFTbVmUTKKVaiHhILhaSNsA4Q5lJiRqNlRrdo1DAyh4ewij2S0DuWIix8TcxXC+Er5LyTPG9p2SrXpaExJYnVomk9czVQVrRbbFm0G+s+KdfMppkD7RJrTWrdIsjRI+UP7AR27HFf25IqNbbMUE8SGmlhS54aOFY8pPaMunycUZ96XE2S/JtSdJMpDpoGURa+Rrn6fyKRsZ5v7Eiop9TcY5siY4F0UmN5vbV96y4ZtJtWp9l5vq91u6tngCK4BNegDizwALrgCfRAH9jgF5ZgBVbhJ/yC3/BnZS3A9UwVbAAu/gCqMZm+</latexit>

ω(p1p2 → εε̄+X) ↑
∑

a,b

∫ 1

0
dx1

∫ 1

0
dx2 f1/a(x1)f2/b(x2)

<latexit sha1_base64="aUVQdCgGotDr1sSsH/QUgmJNfD0=">AAAB8HicZZDLSgMxFIaTeqvTqqMu3Qx246rMFKzgquLGZUV7gU4pmcxpG5rJxCRTKMO8hztx6xsJPozpBaT2X32ck3PORyLJmTa+/41Le/sHh0flY6dSPTk9c88vujrNFIUOTXmq+hHRwJmAjmGGQ18qIEnEoRfNHpf93hyUZql4NQsJw4RMBBszSowtjdx5GMGEiTxhgkkygWJghvktE4XzYoiIiYo9IqVKCZ3ee+OUZtpLhSeJMoxwvvCYoDzTbA7eW0aEFWCgHS8UaWQtZrkFJmIQpghBxH9XRm7Nr/ureLsQbKDWKqNV2iOXhrG9nthVlBOtB4EvrenSg3IonDDTIAmd2eU5TSLFJlOzVR1YFCQBPcxXv7Y9wjOzKBxrFfx32IVuox40683nRq31sNZDZXSFrtENCtAdaqEn1EYdRNEPLuEKrmKF3/EH/lw/LeHNzCXaCv76BUPhkMg=</latexit>

Standard approach: focus on partially inclusive quantities

<latexit sha1_base64="pQjVjDFE6Va8tyLaf44JrYh1AZk=">AAABtHicZU9NS8NAEJ2tXzV+xXr0EiyCp5KI1GvAi8cK9gOaUna307J0sxt2N2IJ/QX+B6/6l/w3pmkP1j4Y5vFm3vCGZVJYF4Y/pLa3f3B4VD/2Tk7Pzi/8y0bP6txw7HIttRkwalEKhV0nnMRBZpCmTGKfzZ9W8/4bGiu0enWLDEcpnSkxFZy6Uhr7jQSlTBg1qx4kTgeDsd8MW2GFYJdEG9KM61ChM/Y/konmeYrKcUmtHUZh5kYFNU5wiUsvyS1mlM/pDIclVTRFOyqq7MvgtlQmwVSbspQLKvWvo5C5W2zdKGhq7SJl2yJjWk6Wnlemj/5n3SW9+1bUbrVfHppxvH4D6nANN3AHETxCDM/QgS5weIdP+IJv0iYJ4QTXqzWy8VzBFoj6BZ10d90=</latexit>

ωω̄ → X
<latexit sha1_base64="c2o1xDlgFtFs7BuWMdLbKM3EhP0=">AAABpnicZY/LSsNAFIbP1FuNt6pLN8EidFUSkboSAm5cSQXTBNpSZ6anZewkEzITIYQ8gRu3+ma+jTHtwtofDvx858J/WCKFNo7zTRpb2zu7e8196+Dw6PikdXo20CpLOfpcSZWGjGqUIkbfCCMxTFKkEZMYsMX9bz94w1QLFT+bPMFxROexmAlOTYUGoX1nF+Wk1Xa6Ti1707gr0/aaUKs/ab2PpopnEcaGS6r10HUSMy5oagSXWFqjTGNC+YLOcVjZmEaox0WdtrSvKjK1ZyqtKjZ2Tf9uFDIz+dqNgkZa5xFbh4wpOS0tq0rv/s+6aQbXXbfX7T3dtD1v+QY04QIuoQMu3IIHD9AHHzi8wgd8whfpkEfik2A52iCrnXNYE3n5AUwncmc=</latexit>

X =
<latexit sha1_base64="gCnyB8NTXi/nl/O1MKU10dlINhI=">AAABvXicZZBLT8JAFIVv8YX1VXXphsjGFWlJxKUYNi4xkUdCCZmZXsuE6bSZmWpI0x/kr3Er/8axkBjkrL7cuefMyaWZ4Nr4/sqp7e0fHB7Vj92T07PzC+/yaqjTXDEcsFSkakyJRsElDgw3AseZQpJQgSO66P2+j95RaZ7KV7PMcJqQWPI3zoixo5nXCynGXBYJlzwjMZYTMy3uuSzdOYlUKrXbCGVKbeSisMBlhNKUIcrozzLzmn7Lr9TYhWADzW4dKvVnHgujlOWJjWKCaD0J/Mx+S5ThTGDphrnGjLCFDS9YQhWP52ZrOrEoSYJ6WlQn2LaI3CxL17YK/nfYhWG7FXRanZd2s/u0rgd1uIFbuIMAHqALz9CHATD4hC/4hpXz6KAjHLlerTkbzzVsyfn4AUI/flU=</latexit>

hadrons



Other Approaches
<latexit sha1_base64="i4/Ndrem+UlQoTyyqmP/kIZ07kc=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN0Q2rkjLArclxsQlJhZIKGmmw7WOTGeamakJNryJT+NWX8C3kQIxQc7qy73n5J6b5IIb63k/pLazu7d/UD90jo5PTs/c84u+UYVmGDIllB4m1KDgEkPLrcBhrpFmicBBMr2r9oM31IYr+WRnOY4zmkr+zBm1i1HsdqIEUy5LbjHj7zh3ooqce4k6nTWY0hoFtUobJ0I5+bPFbtNreUs1tsFfQzOow1K92GXRRLEiQ2mZoMaMfC+345Jqy5mozhYGc8qmNMWSZYnm6YvdmI4WKGmGZlwuv96MiMLO5s6ilf+/wzb02y2/0+o8tptBd1UP6nAF13ADPtxCAA/QgxAYfMAnfME3aZMhiQldWWtknbmEDZHXXyjyeEw=</latexit>

• Energy correlators
<latexit sha1_base64="uF4xTgQCGgMeILmZkIBVvRYGPbE=">AAABn3icdU/LSgMxFL3xWetr1KWbaBEqlCFTbKvgolREFyIV7EPaUjIxtqGZyZBkKqX0C/wat/ol/o3Th4suPJt7OPcezrl+JIWxhPygldW19Y3N1FZ6e2d3b985OKwbFWvGa0xJpZs+NVyKkNessJI3I81p4Eve8Ac3031jyLURKny2o4h3AtoLxZtg1CZS1zmrUNOnQQ5XtHoPc/hWJqE5/KCGHGe9q9LlOXZdt+tkiFsgCfKYuNN5UcALpYC9mUJIppyCGapdh7VfFYsDHlomqTEtj0S2M6baCib5JN2ODY8oG9AeH7PA16LXt0tqK6EhDbjpjGdPLltkbEeTdNLqLxr/T+p51yu6xad8pnw9rwcpOIZTyIIHJSjDPVShBgw+4BO+4BudoDv0iKrz0xW08BzBEtDLLyK2bT0=</latexit>

Basham, Brown, Ellis, Love (1978) ...
<latexit sha1_base64="3yr2169m/kleHmaNMmITl0A4hFY=">AAABl3icdY/JSgNBEIarXWPcRj2JCI25RJCmZzDRg2BAkFyEBMwCSQg9nUps0rMw3SOEkJNP41WfxrdxsnjIwf9SP19VUX/5sVbGcv5DNja3tnd2c3v5/YPDo2Pn5LRpojSR2JCRjpK2LwxqFWLDKquxHScoAl9jyx8/zfutd0yMisJXO4mxF4hRqIZKCpuhvnNZjYbDQIQ39EXogZAYClr0OL+/poyxvlPgrMQzeZSzeb0t0RUpUXdBOC9UcrBQre/I7iCSaYChlVoY03F5bHtTkVglNc7y3dRgLORYjHAqAz9Roze7RjuZDUWApjddPLe+olM7meWzVH+n6f+m6TG3zMp1r1B5WMaDHFzAFRTBhTuoQBVq0AAJH/AJX/BNzskjeSbV5egGWe2cwZpI/RcliWqY</latexit>

Ho!man, Maldacena (2008) ...



Other Approaches
<latexit sha1_base64="i4/Ndrem+UlQoTyyqmP/kIZ07kc=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN0Q2rkjLArclxsQlJhZIKGmmw7WOTGeamakJNryJT+NWX8C3kQIxQc7qy73n5J6b5IIb63k/pLazu7d/UD90jo5PTs/c84u+UYVmGDIllB4m1KDgEkPLrcBhrpFmicBBMr2r9oM31IYr+WRnOY4zmkr+zBm1i1HsdqIEUy5LbjHj7zh3ooqce4k6nTWY0hoFtUobJ0I5+bPFbtNreUs1tsFfQzOow1K92GXRRLEiQ2mZoMaMfC+345Jqy5mozhYGc8qmNMWSZYnm6YvdmI4WKGmGZlwuv96MiMLO5s6ilf+/wzb02y2/0+o8tptBd1UP6nAF13ADPtxCAA/QgxAYfMAnfME3aZMhiQldWWtknbmEDZHXXyjyeEw=</latexit>

• Energy correlators
<latexit sha1_base64="uF4xTgQCGgMeILmZkIBVvRYGPbE=">AAABn3icdU/LSgMxFL3xWetr1KWbaBEqlCFTbKvgolREFyIV7EPaUjIxtqGZyZBkKqX0C/wat/ol/o3Th4suPJt7OPcezrl+JIWxhPygldW19Y3N1FZ6e2d3b985OKwbFWvGa0xJpZs+NVyKkNessJI3I81p4Eve8Ac3031jyLURKny2o4h3AtoLxZtg1CZS1zmrUNOnQQ5XtHoPc/hWJqE5/KCGHGe9q9LlOXZdt+tkiFsgCfKYuNN5UcALpYC9mUJIppyCGapdh7VfFYsDHlomqTEtj0S2M6baCib5JN2ODY8oG9AeH7PA16LXt0tqK6EhDbjpjGdPLltkbEeTdNLqLxr/T+p51yu6xad8pnw9rwcpOIZTyIIHJSjDPVShBgw+4BO+4BudoDv0iKrz0xW08BzBEtDLLyK2bT0=</latexit>

Basham, Brown, Ellis, Love (1978) ...
<latexit sha1_base64="3yr2169m/kleHmaNMmITl0A4hFY=">AAABl3icdY/JSgNBEIarXWPcRj2JCI25RJCmZzDRg2BAkFyEBMwCSQg9nUps0rMw3SOEkJNP41WfxrdxsnjIwf9SP19VUX/5sVbGcv5DNja3tnd2c3v5/YPDo2Pn5LRpojSR2JCRjpK2LwxqFWLDKquxHScoAl9jyx8/zfutd0yMisJXO4mxF4hRqIZKCpuhvnNZjYbDQIQ39EXogZAYClr0OL+/poyxvlPgrMQzeZSzeb0t0RUpUXdBOC9UcrBQre/I7iCSaYChlVoY03F5bHtTkVglNc7y3dRgLORYjHAqAz9Roze7RjuZDUWApjddPLe+olM7meWzVH+n6f+m6TG3zMp1r1B5WMaDHFzAFRTBhTuoQBVq0AAJH/AJX/BNzskjeSbV5egGWe2cwZpI/RcliWqY</latexit>

Ho!man, Maldacena (2008) ...

<latexit sha1_base64="99xrDRgI+SRKnzM0ev4t6xA2hLw=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN8RuXJGWBW4xblxCIj8JbZrpcK0jM9OmM0OCDW/i07jVF/BthEJMkLP6cu85uecmueDa+P4Pqe3tHxwe1Y+dk9Oz8wv38mqgM1sw7LNMZMUooRoFV9g33Agc5QVSmQgcJtPH1X44w0LzTD2beY6RpKniL5xRsxzFbjtMMOWq5AYlf8eFE67I6VmqjJUNzaUVldUJUU3+bLHr+U2/UmMXgg14nTpU6sYuCycZsxKVYYJqPQ783EQlLQxnYnXWaswpm9IUSyaTgqevZms6XqKiEnVUVl9vR4Q184WzbBX877ALg1YzaDfbvZbXeVjXgzrcwC3cQQD30IEn6EIfGHzAJ3zBN2mREYkJXVtrZJO5hi2Rt19D8Hhi</latexit>

• Quantum simulation



Other Approaches
<latexit sha1_base64="i4/Ndrem+UlQoTyyqmP/kIZ07kc=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN0Q2rkjLArclxsQlJhZIKGmmw7WOTGeamakJNryJT+NWX8C3kQIxQc7qy73n5J6b5IIb63k/pLazu7d/UD90jo5PTs/c84u+UYVmGDIllB4m1KDgEkPLrcBhrpFmicBBMr2r9oM31IYr+WRnOY4zmkr+zBm1i1HsdqIEUy5LbjHj7zh3ooqce4k6nTWY0hoFtUobJ0I5+bPFbtNreUs1tsFfQzOow1K92GXRRLEiQ2mZoMaMfC+345Jqy5mozhYGc8qmNMWSZYnm6YvdmI4WKGmGZlwuv96MiMLO5s6ilf+/wzb02y2/0+o8tptBd1UP6nAF13ADPtxCAA/QgxAYfMAnfME3aZMhiQldWWtknbmEDZHXXyjyeEw=</latexit>

• Energy correlators
<latexit sha1_base64="uF4xTgQCGgMeILmZkIBVvRYGPbE=">AAABn3icdU/LSgMxFL3xWetr1KWbaBEqlCFTbKvgolREFyIV7EPaUjIxtqGZyZBkKqX0C/wat/ol/o3Th4suPJt7OPcezrl+JIWxhPygldW19Y3N1FZ6e2d3b985OKwbFWvGa0xJpZs+NVyKkNessJI3I81p4Eve8Ac3031jyLURKny2o4h3AtoLxZtg1CZS1zmrUNOnQQ5XtHoPc/hWJqE5/KCGHGe9q9LlOXZdt+tkiFsgCfKYuNN5UcALpYC9mUJIppyCGapdh7VfFYsDHlomqTEtj0S2M6baCib5JN2ODY8oG9AeH7PA16LXt0tqK6EhDbjpjGdPLltkbEeTdNLqLxr/T+p51yu6xad8pnw9rwcpOIZTyIIHJSjDPVShBgw+4BO+4BudoDv0iKrz0xW08BzBEtDLLyK2bT0=</latexit>

Basham, Brown, Ellis, Love (1978) ...
<latexit sha1_base64="3yr2169m/kleHmaNMmITl0A4hFY=">AAABl3icdY/JSgNBEIarXWPcRj2JCI25RJCmZzDRg2BAkFyEBMwCSQg9nUps0rMw3SOEkJNP41WfxrdxsnjIwf9SP19VUX/5sVbGcv5DNja3tnd2c3v5/YPDo2Pn5LRpojSR2JCRjpK2LwxqFWLDKquxHScoAl9jyx8/zfutd0yMisJXO4mxF4hRqIZKCpuhvnNZjYbDQIQ39EXogZAYClr0OL+/poyxvlPgrMQzeZSzeb0t0RUpUXdBOC9UcrBQre/I7iCSaYChlVoY03F5bHtTkVglNc7y3dRgLORYjHAqAz9Roze7RjuZDUWApjddPLe+olM7meWzVH+n6f+m6TG3zMp1r1B5WMaDHFzAFRTBhTuoQBVq0AAJH/AJX/BNzskjeSbV5egGWe2cwZpI/RcliWqY</latexit>

Ho!man, Maldacena (2008) ...

<latexit sha1_base64="99xrDRgI+SRKnzM0ev4t6xA2hLw=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN8RuXJGWBW4xblxCIj8JbZrpcK0jM9OmM0OCDW/i07jVF/BthEJMkLP6cu85uecmueDa+P4Pqe3tHxwe1Y+dk9Oz8wv38mqgM1sw7LNMZMUooRoFV9g33Agc5QVSmQgcJtPH1X44w0LzTD2beY6RpKniL5xRsxzFbjtMMOWq5AYlf8eFE67I6VmqjJUNzaUVldUJUU3+bLHr+U2/UmMXgg14nTpU6sYuCycZsxKVYYJqPQ783EQlLQxnYnXWaswpm9IUSyaTgqevZms6XqKiEnVUVl9vR4Q184WzbBX877ALg1YzaDfbvZbXeVjXgzrcwC3cQQD30IEn6EIfGHzAJ3zBN2mREYkJXVtrZJO5hi2Rt19D8Hhi</latexit>

• Quantum simulation
<latexit sha1_base64="n04VTiJmvIH9iMRY/QMFUoEhJiw=">AAABfnicZY9LS8NAFIXv1FeMr6hLN2JA3BgTkeoy4sZlBZMWmlAm02scO3kwMymU0P/gVv+Z/8aYdlN7Vh/n3gPnJKXgSrvuD+lsbG5t7xi75t7+weGRdXwSqqKSDANWiEIOEqpQ8BwDzbXAQSmRZonAfjJ5+rv3pygVL/JXPSsxzmia8zfOqG6sMJqOC61Glu06bqvzdfCWYPsGtOqNLBaNC1ZlmGsmqFJDzy11XFOpORM4N6NKYUnZhKZYsyyRPH3XK+6wwZxmqOK63bAaEZWezc2mlfe/wzqEt47Xdbovd7b/uKgHBpzBBVyBB/fgwzP0IAAGH/AJX/BNgFySa3KzeO2QZeYUVkQefgGBgWOU</latexit>...



Other Approaches
<latexit sha1_base64="i4/Ndrem+UlQoTyyqmP/kIZ07kc=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN0Q2rkjLArclxsQlJhZIKGmmw7WOTGeamakJNryJT+NWX8C3kQIxQc7qy73n5J6b5IIb63k/pLazu7d/UD90jo5PTs/c84u+UYVmGDIllB4m1KDgEkPLrcBhrpFmicBBMr2r9oM31IYr+WRnOY4zmkr+zBm1i1HsdqIEUy5LbjHj7zh3ooqce4k6nTWY0hoFtUobJ0I5+bPFbtNreUs1tsFfQzOow1K92GXRRLEiQ2mZoMaMfC+345Jqy5mozhYGc8qmNMWSZYnm6YvdmI4WKGmGZlwuv96MiMLO5s6ilf+/wzb02y2/0+o8tptBd1UP6nAF13ADPtxCAA/QgxAYfMAnfME3aZMhiQldWWtknbmEDZHXXyjyeEw=</latexit>

• Energy correlators
<latexit sha1_base64="uF4xTgQCGgMeILmZkIBVvRYGPbE=">AAABn3icdU/LSgMxFL3xWetr1KWbaBEqlCFTbKvgolREFyIV7EPaUjIxtqGZyZBkKqX0C/wat/ol/o3Th4suPJt7OPcezrl+JIWxhPygldW19Y3N1FZ6e2d3b985OKwbFWvGa0xJpZs+NVyKkNessJI3I81p4Eve8Ac3031jyLURKny2o4h3AtoLxZtg1CZS1zmrUNOnQQ5XtHoPc/hWJqE5/KCGHGe9q9LlOXZdt+tkiFsgCfKYuNN5UcALpYC9mUJIppyCGapdh7VfFYsDHlomqTEtj0S2M6baCib5JN2ODY8oG9AeH7PA16LXt0tqK6EhDbjpjGdPLltkbEeTdNLqLxr/T+p51yu6xad8pnw9rwcpOIZTyIIHJSjDPVShBgw+4BO+4BudoDv0iKrz0xW08BzBEtDLLyK2bT0=</latexit>

Basham, Brown, Ellis, Love (1978) ...
<latexit sha1_base64="3yr2169m/kleHmaNMmITl0A4hFY=">AAABl3icdY/JSgNBEIarXWPcRj2JCI25RJCmZzDRg2BAkFyEBMwCSQg9nUps0rMw3SOEkJNP41WfxrdxsnjIwf9SP19VUX/5sVbGcv5DNja3tnd2c3v5/YPDo2Pn5LRpojSR2JCRjpK2LwxqFWLDKquxHScoAl9jyx8/zfutd0yMisJXO4mxF4hRqIZKCpuhvnNZjYbDQIQ39EXogZAYClr0OL+/poyxvlPgrMQzeZSzeb0t0RUpUXdBOC9UcrBQre/I7iCSaYChlVoY03F5bHtTkVglNc7y3dRgLORYjHAqAz9Roze7RjuZDUWApjddPLe+olM7meWzVH+n6f+m6TG3zMp1r1B5WMaDHFzAFRTBhTuoQBVq0AAJH/AJX/BNzskjeSbV5egGWe2cwZpI/RcliWqY</latexit>

Ho!man, Maldacena (2008) ...

<latexit sha1_base64="99xrDRgI+SRKnzM0ev4t6xA2hLw=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN8RuXJGWBW4xblxCIj8JbZrpcK0jM9OmM0OCDW/i07jVF/BthEJMkLP6cu85uecmueDa+P4Pqe3tHxwe1Y+dk9Oz8wv38mqgM1sw7LNMZMUooRoFV9g33Agc5QVSmQgcJtPH1X44w0LzTD2beY6RpKniL5xRsxzFbjtMMOWq5AYlf8eFE67I6VmqjJUNzaUVldUJUU3+bLHr+U2/UmMXgg14nTpU6sYuCycZsxKVYYJqPQ783EQlLQxnYnXWaswpm9IUSyaTgqevZms6XqKiEnVUVl9vR4Q184WzbBX877ALg1YzaDfbvZbXeVjXgzrcwC3cQQD30IEn6EIfGHzAJ3zBN2mREYkJXVtrZJO5hi2Rt19D8Hhi</latexit>

• Quantum simulation
<latexit sha1_base64="n04VTiJmvIH9iMRY/QMFUoEhJiw=">AAABfnicZY9LS8NAFIXv1FeMr6hLN2JA3BgTkeoy4sZlBZMWmlAm02scO3kwMymU0P/gVv+Z/8aYdlN7Vh/n3gPnJKXgSrvuD+lsbG5t7xi75t7+weGRdXwSqqKSDANWiEIOEqpQ8BwDzbXAQSmRZonAfjJ5+rv3pygVL/JXPSsxzmia8zfOqG6sMJqOC61Glu06bqvzdfCWYPsGtOqNLBaNC1ZlmGsmqFJDzy11XFOpORM4N6NKYUnZhKZYsyyRPH3XK+6wwZxmqOK63bAaEZWezc2mlfe/wzqEt47Xdbovd7b/uKgHBpzBBVyBB/fgwzP0IAAGH/AJX/BNgFySa3KzeO2QZeYUVkQefgGBgWOU</latexit>...

<latexit sha1_base64="bMCRxDebzyK2etHtfuN6lEIAvy4=">AAAB0nicZZA7TwJBFIXv4gvXF2ppM5HGiuxSYIsxMZaY8EpYQmaHYZkwO7OZuYsBQmFs/U3+D3tb/Q0uCw1yqpNz7r35csNECoue9+UU9vYPDo+Kx+7J6dn5Renyqm11ahhvMS216YbUcikUb6FAybuJ4TQOJe+Ek8dV35lyY4VWTZwlvB/TSImRYBSzaFDqBkoLNeQK3SfKUBsxzxtCk8RoysZEWCLiRBukCgmfckXEiAhc5UojwTEnWsmZGwRuRGNOhCKoX7PTZa/i5SK7xt+Ycr0IuRqDEguGmqVxhsIktbbnewn2F9SgYJIv3SC1PKFsQiO+YHFoRDTGrbSXWZUR2P4i/8v2ikxxtnQzKv8/w65pVyt+rVJ7qZbrD2s8KMIN3MId+HAPdXiGBrSAwSd8ww/8Ok1n7rw57+vRgrPZuYYtOR9/d+uEpA==</latexit>

Factorization approach is important even if it is not the only

game in town



Other Approaches
<latexit sha1_base64="i4/Ndrem+UlQoTyyqmP/kIZ07kc=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN0Q2rkjLArclxsQlJhZIKGmmw7WOTGeamakJNryJT+NWX8C3kQIxQc7qy73n5J6b5IIb63k/pLazu7d/UD90jo5PTs/c84u+UYVmGDIllB4m1KDgEkPLrcBhrpFmicBBMr2r9oM31IYr+WRnOY4zmkr+zBm1i1HsdqIEUy5LbjHj7zh3ooqce4k6nTWY0hoFtUobJ0I5+bPFbtNreUs1tsFfQzOow1K92GXRRLEiQ2mZoMaMfC+345Jqy5mozhYGc8qmNMWSZYnm6YvdmI4WKGmGZlwuv96MiMLO5s6ilf+/wzb02y2/0+o8tptBd1UP6nAF13ADPtxCAA/QgxAYfMAnfME3aZMhiQldWWtknbmEDZHXXyjyeEw=</latexit>

• Energy correlators
<latexit sha1_base64="uF4xTgQCGgMeILmZkIBVvRYGPbE=">AAABn3icdU/LSgMxFL3xWetr1KWbaBEqlCFTbKvgolREFyIV7EPaUjIxtqGZyZBkKqX0C/wat/ol/o3Th4suPJt7OPcezrl+JIWxhPygldW19Y3N1FZ6e2d3b985OKwbFWvGa0xJpZs+NVyKkNessJI3I81p4Eve8Ac3031jyLURKny2o4h3AtoLxZtg1CZS1zmrUNOnQQ5XtHoPc/hWJqE5/KCGHGe9q9LlOXZdt+tkiFsgCfKYuNN5UcALpYC9mUJIppyCGapdh7VfFYsDHlomqTEtj0S2M6baCib5JN2ODY8oG9AeH7PA16LXt0tqK6EhDbjpjGdPLltkbEeTdNLqLxr/T+p51yu6xad8pnw9rwcpOIZTyIIHJSjDPVShBgw+4BO+4BudoDv0iKrz0xW08BzBEtDLLyK2bT0=</latexit>

Basham, Brown, Ellis, Love (1978) ...
<latexit sha1_base64="3yr2169m/kleHmaNMmITl0A4hFY=">AAABl3icdY/JSgNBEIarXWPcRj2JCI25RJCmZzDRg2BAkFyEBMwCSQg9nUps0rMw3SOEkJNP41WfxrdxsnjIwf9SP19VUX/5sVbGcv5DNja3tnd2c3v5/YPDo2Pn5LRpojSR2JCRjpK2LwxqFWLDKquxHScoAl9jyx8/zfutd0yMisJXO4mxF4hRqIZKCpuhvnNZjYbDQIQ39EXogZAYClr0OL+/poyxvlPgrMQzeZSzeb0t0RUpUXdBOC9UcrBQre/I7iCSaYChlVoY03F5bHtTkVglNc7y3dRgLORYjHAqAz9Roze7RjuZDUWApjddPLe+olM7meWzVH+n6f+m6TG3zMp1r1B5WMaDHFzAFRTBhTuoQBVq0AAJH/AJX/BNzskjeSbV5egGWe2cwZpI/RcliWqY</latexit>

Ho!man, Maldacena (2008) ...

<latexit sha1_base64="99xrDRgI+SRKnzM0ev4t6xA2hLw=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN8RuXJGWBW4xblxCIj8JbZrpcK0jM9OmM0OCDW/i07jVF/BthEJMkLP6cu85uecmueDa+P4Pqe3tHxwe1Y+dk9Oz8wv38mqgM1sw7LNMZMUooRoFV9g33Agc5QVSmQgcJtPH1X44w0LzTD2beY6RpKniL5xRsxzFbjtMMOWq5AYlf8eFE67I6VmqjJUNzaUVldUJUU3+bLHr+U2/UmMXgg14nTpU6sYuCycZsxKVYYJqPQ783EQlLQxnYnXWaswpm9IUSyaTgqevZms6XqKiEnVUVl9vR4Q184WzbBX877ALg1YzaDfbvZbXeVjXgzrcwC3cQQD30IEn6EIfGHzAJ3zBN2mREYkJXVtrZJO5hi2Rt19D8Hhi</latexit>

• Quantum simulation
<latexit sha1_base64="n04VTiJmvIH9iMRY/QMFUoEhJiw=">AAABfnicZY9LS8NAFIXv1FeMr6hLN2JA3BgTkeoy4sZlBZMWmlAm02scO3kwMymU0P/gVv+Z/8aYdlN7Vh/n3gPnJKXgSrvuD+lsbG5t7xi75t7+weGRdXwSqqKSDANWiEIOEqpQ8BwDzbXAQSmRZonAfjJ5+rv3pygVL/JXPSsxzmia8zfOqG6sMJqOC61Glu06bqvzdfCWYPsGtOqNLBaNC1ZlmGsmqFJDzy11XFOpORM4N6NKYUnZhKZYsyyRPH3XK+6wwZxmqOK63bAaEZWezc2mlfe/wzqEt47Xdbovd7b/uKgHBpzBBVyBB/fgwzP0IAAGH/AJX/BNgFySa3KzeO2QZeYUVkQefgGBgWOU</latexit>...

<latexit sha1_base64="+Ty1LergOYfQqdyjOSBfEQBkV1g=">AAABp3icZY+7TsNAEEVneQbzMlDSINJAQWSnCG0QDVQEiTykOIrWm8GMsl5b3nGkYOUr+Bpa+Ar+hryEFHKro7lzNXfCVJNlz/sRG5tb2zu7pT1n/+Dw6Ng9OW3ZJM8UNlWik6wTSouaDDaZWGMnzVDGocZ2OLyf+e0RZpYS88LjFHuxjAy9kpI8HfXdmyDEiExBjDG948QJZuQ8Gs6JaYROgGbw5/bdslfx5rpYB38J5XoJ5mr0XRUMEpXHaFhpaW3X91LuFTJjUnp2LbeYSjWUERYqDjOK3nhl2p2ikTHaXjF/djWicx5PnGkr/3+HdWhVK36tUnuulut3i3pQgnO4hCvw4Rbq8AANaIKCD/iEL/gW1+JJtERnsbohlpkzWJGQv3EldHk=</latexit>

• Intuitive

<latexit sha1_base64="bMCRxDebzyK2etHtfuN6lEIAvy4=">AAAB0nicZZA7TwJBFIXv4gvXF2ppM5HGiuxSYIsxMZaY8EpYQmaHYZkwO7OZuYsBQmFs/U3+D3tb/Q0uCw1yqpNz7r35csNECoue9+UU9vYPDo+Kx+7J6dn5Renyqm11ahhvMS216YbUcikUb6FAybuJ4TQOJe+Ek8dV35lyY4VWTZwlvB/TSImRYBSzaFDqBkoLNeQK3SfKUBsxzxtCk8RoysZEWCLiRBukCgmfckXEiAhc5UojwTEnWsmZGwRuRGNOhCKoX7PTZa/i5SK7xt+Ycr0IuRqDEguGmqVxhsIktbbnewn2F9SgYJIv3SC1PKFsQiO+YHFoRDTGrbSXWZUR2P4i/8v2ikxxtnQzKv8/w65pVyt+rVJ7qZbrD2s8KMIN3MId+HAPdXiGBrSAwSd8ww/8Ok1n7rw57+vRgrPZuYYtOR9/d+uEpA==</latexit>

Factorization approach is important even if it is not the only

game in town



Other Approaches
<latexit sha1_base64="i4/Ndrem+UlQoTyyqmP/kIZ07kc=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN0Q2rkjLArclxsQlJhZIKGmmw7WOTGeamakJNryJT+NWX8C3kQIxQc7qy73n5J6b5IIb63k/pLazu7d/UD90jo5PTs/c84u+UYVmGDIllB4m1KDgEkPLrcBhrpFmicBBMr2r9oM31IYr+WRnOY4zmkr+zBm1i1HsdqIEUy5LbjHj7zh3ooqce4k6nTWY0hoFtUobJ0I5+bPFbtNreUs1tsFfQzOow1K92GXRRLEiQ2mZoMaMfC+345Jqy5mozhYGc8qmNMWSZYnm6YvdmI4WKGmGZlwuv96MiMLO5s6ilf+/wzb02y2/0+o8tptBd1UP6nAF13ADPtxCAA/QgxAYfMAnfME3aZMhiQldWWtknbmEDZHXXyjyeEw=</latexit>

• Energy correlators
<latexit sha1_base64="uF4xTgQCGgMeILmZkIBVvRYGPbE=">AAABn3icdU/LSgMxFL3xWetr1KWbaBEqlCFTbKvgolREFyIV7EPaUjIxtqGZyZBkKqX0C/wat/ol/o3Th4suPJt7OPcezrl+JIWxhPygldW19Y3N1FZ6e2d3b985OKwbFWvGa0xJpZs+NVyKkNessJI3I81p4Eve8Ac3031jyLURKny2o4h3AtoLxZtg1CZS1zmrUNOnQQ5XtHoPc/hWJqE5/KCGHGe9q9LlOXZdt+tkiFsgCfKYuNN5UcALpYC9mUJIppyCGapdh7VfFYsDHlomqTEtj0S2M6baCib5JN2ODY8oG9AeH7PA16LXt0tqK6EhDbjpjGdPLltkbEeTdNLqLxr/T+p51yu6xad8pnw9rwcpOIZTyIIHJSjDPVShBgw+4BO+4BudoDv0iKrz0xW08BzBEtDLLyK2bT0=</latexit>

Basham, Brown, Ellis, Love (1978) ...
<latexit sha1_base64="3yr2169m/kleHmaNMmITl0A4hFY=">AAABl3icdY/JSgNBEIarXWPcRj2JCI25RJCmZzDRg2BAkFyEBMwCSQg9nUps0rMw3SOEkJNP41WfxrdxsnjIwf9SP19VUX/5sVbGcv5DNja3tnd2c3v5/YPDo2Pn5LRpojSR2JCRjpK2LwxqFWLDKquxHScoAl9jyx8/zfutd0yMisJXO4mxF4hRqIZKCpuhvnNZjYbDQIQ39EXogZAYClr0OL+/poyxvlPgrMQzeZSzeb0t0RUpUXdBOC9UcrBQre/I7iCSaYChlVoY03F5bHtTkVglNc7y3dRgLORYjHAqAz9Roze7RjuZDUWApjddPLe+olM7meWzVH+n6f+m6TG3zMp1r1B5WMaDHFzAFRTBhTuoQBVq0AAJH/AJX/BNzskjeSbV5egGWe2cwZpI/RcliWqY</latexit>

Ho!man, Maldacena (2008) ...

<latexit sha1_base64="99xrDRgI+SRKnzM0ev4t6xA2hLw=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN8RuXJGWBW4xblxCIj8JbZrpcK0jM9OmM0OCDW/i07jVF/BthEJMkLP6cu85uecmueDa+P4Pqe3tHxwe1Y+dk9Oz8wv38mqgM1sw7LNMZMUooRoFV9g33Agc5QVSmQgcJtPH1X44w0LzTD2beY6RpKniL5xRsxzFbjtMMOWq5AYlf8eFE67I6VmqjJUNzaUVldUJUU3+bLHr+U2/UmMXgg14nTpU6sYuCycZsxKVYYJqPQ783EQlLQxnYnXWaswpm9IUSyaTgqevZms6XqKiEnVUVl9vR4Q184WzbBX877ALg1YzaDfbvZbXeVjXgzrcwC3cQQD30IEn6EIfGHzAJ3zBN2mREYkJXVtrZJO5hi2Rt19D8Hhi</latexit>

• Quantum simulation
<latexit sha1_base64="n04VTiJmvIH9iMRY/QMFUoEhJiw=">AAABfnicZY9LS8NAFIXv1FeMr6hLN2JA3BgTkeoy4sZlBZMWmlAm02scO3kwMymU0P/gVv+Z/8aYdlN7Vh/n3gPnJKXgSrvuD+lsbG5t7xi75t7+weGRdXwSqqKSDANWiEIOEqpQ8BwDzbXAQSmRZonAfjJ5+rv3pygVL/JXPSsxzmia8zfOqG6sMJqOC61Glu06bqvzdfCWYPsGtOqNLBaNC1ZlmGsmqFJDzy11XFOpORM4N6NKYUnZhKZYsyyRPH3XK+6wwZxmqOK63bAaEZWezc2mlfe/wzqEt47Xdbovd7b/uKgHBpzBBVyBB/fgwzP0IAAGH/AJX/BNgFySa3KzeO2QZeYUVkQefgGBgWOU</latexit>...

<latexit sha1_base64="+Ty1LergOYfQqdyjOSBfEQBkV1g=">AAABp3icZY+7TsNAEEVneQbzMlDSINJAQWSnCG0QDVQEiTykOIrWm8GMsl5b3nGkYOUr+Bpa+Ar+hryEFHKro7lzNXfCVJNlz/sRG5tb2zu7pT1n/+Dw6Ng9OW3ZJM8UNlWik6wTSouaDDaZWGMnzVDGocZ2OLyf+e0RZpYS88LjFHuxjAy9kpI8HfXdmyDEiExBjDG948QJZuQ8Gs6JaYROgGbw5/bdslfx5rpYB38J5XoJ5mr0XRUMEpXHaFhpaW3X91LuFTJjUnp2LbeYSjWUERYqDjOK3nhl2p2ikTHaXjF/djWicx5PnGkr/3+HdWhVK36tUnuulut3i3pQgnO4hCvw4Rbq8AANaIKCD/iEL/gW1+JJtERnsbohlpkzWJGQv3EldHk=</latexit>

• Intuitive

<latexit sha1_base64="bMCRxDebzyK2etHtfuN6lEIAvy4=">AAAB0nicZZA7TwJBFIXv4gvXF2ppM5HGiuxSYIsxMZaY8EpYQmaHYZkwO7OZuYsBQmFs/U3+D3tb/Q0uCw1yqpNz7r35csNECoue9+UU9vYPDo+Kx+7J6dn5Renyqm11ahhvMS216YbUcikUb6FAybuJ4TQOJe+Ek8dV35lyY4VWTZwlvB/TSImRYBSzaFDqBkoLNeQK3SfKUBsxzxtCk8RoysZEWCLiRBukCgmfckXEiAhc5UojwTEnWsmZGwRuRGNOhCKoX7PTZa/i5SK7xt+Ycr0IuRqDEguGmqVxhsIktbbnewn2F9SgYJIv3SC1PKFsQiO+YHFoRDTGrbSXWZUR2P4i/8v2ikxxtnQzKv8/w65pVyt+rVJ7qZbrD2s8KMIN3MId+HAPdXiGBrSAwSd8ww/8Ok1n7rw57+vRgrPZuYYtOR9/d+uEpA==</latexit>

Factorization approach is important even if it is not the only

game in town

<latexit sha1_base64="ycLdk8oZpiCR1KW+72EnBp1kJ7g=">AAABx3icZZC5TsNAEIbH4QrmMlDSrEhBaCI7RWiDaKBAChI5pDgK681gVtnD8q4jgpWCZ+Jp0sKLkEtIIX/1aWZ+6dNEieDG+v7UKWxt7+zuFffdg8Oj4xPv9KxldJYybDItdNqJqEHBFTYttwI7SYpURgLb0fBuvm+PMDVcq2c7TrAnaaz4K2fUzkZ97zGMMOYq5xYl/8CJG87JbXNhtOJUkTLTMskskhetkBhGBRJqCSWWS7y6dkNUg7923yv5FX8RsgnBCkr1IizS6HssHGiWSVSWCWpMN/AT28tpajkTc5vMYELZkMaYMxmlPH6za9PuDBWVaHr54hnrFZHZ8cSdWQX/HTahVa0EtUrtqVqq3y71oAgXcAllCOAG6nAPDWgCgy+Ywjf8OA+OdkbO+/K04Kw657AW5/MXcS2AcA==</latexit>

• Wilsonian (compute ‘one scale at a time’)



Other Approaches
<latexit sha1_base64="i4/Ndrem+UlQoTyyqmP/kIZ07kc=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN0Q2rkjLArclxsQlJhZIKGmmw7WOTGeamakJNryJT+NWX8C3kQIxQc7qy73n5J6b5IIb63k/pLazu7d/UD90jo5PTs/c84u+UYVmGDIllB4m1KDgEkPLrcBhrpFmicBBMr2r9oM31IYr+WRnOY4zmkr+zBm1i1HsdqIEUy5LbjHj7zh3ooqce4k6nTWY0hoFtUobJ0I5+bPFbtNreUs1tsFfQzOow1K92GXRRLEiQ2mZoMaMfC+345Jqy5mozhYGc8qmNMWSZYnm6YvdmI4WKGmGZlwuv96MiMLO5s6ilf+/wzb02y2/0+o8tptBd1UP6nAF13ADPtxCAA/QgxAYfMAnfME3aZMhiQldWWtknbmEDZHXXyjyeEw=</latexit>

• Energy correlators
<latexit sha1_base64="uF4xTgQCGgMeILmZkIBVvRYGPbE=">AAABn3icdU/LSgMxFL3xWetr1KWbaBEqlCFTbKvgolREFyIV7EPaUjIxtqGZyZBkKqX0C/wat/ol/o3Th4suPJt7OPcezrl+JIWxhPygldW19Y3N1FZ6e2d3b985OKwbFWvGa0xJpZs+NVyKkNessJI3I81p4Eve8Ac3031jyLURKny2o4h3AtoLxZtg1CZS1zmrUNOnQQ5XtHoPc/hWJqE5/KCGHGe9q9LlOXZdt+tkiFsgCfKYuNN5UcALpYC9mUJIppyCGapdh7VfFYsDHlomqTEtj0S2M6baCib5JN2ODY8oG9AeH7PA16LXt0tqK6EhDbjpjGdPLltkbEeTdNLqLxr/T+p51yu6xad8pnw9rwcpOIZTyIIHJSjDPVShBgw+4BO+4BudoDv0iKrz0xW08BzBEtDLLyK2bT0=</latexit>

Basham, Brown, Ellis, Love (1978) ...
<latexit sha1_base64="3yr2169m/kleHmaNMmITl0A4hFY=">AAABl3icdY/JSgNBEIarXWPcRj2JCI25RJCmZzDRg2BAkFyEBMwCSQg9nUps0rMw3SOEkJNP41WfxrdxsnjIwf9SP19VUX/5sVbGcv5DNja3tnd2c3v5/YPDo2Pn5LRpojSR2JCRjpK2LwxqFWLDKquxHScoAl9jyx8/zfutd0yMisJXO4mxF4hRqIZKCpuhvnNZjYbDQIQ39EXogZAYClr0OL+/poyxvlPgrMQzeZSzeb0t0RUpUXdBOC9UcrBQre/I7iCSaYChlVoY03F5bHtTkVglNc7y3dRgLORYjHAqAz9Roze7RjuZDUWApjddPLe+olM7meWzVH+n6f+m6TG3zMp1r1B5WMaDHFzAFRTBhTuoQBVq0AAJH/AJX/BNzskjeSbV5egGWe2cwZpI/RcliWqY</latexit>

Ho!man, Maldacena (2008) ...

<latexit sha1_base64="99xrDRgI+SRKnzM0ev4t6xA2hLw=">AAABsHicZY/NTsJAFIXv4B/Wv6pLN8RuXJGWBW4xblxCIj8JbZrpcK0jM9OmM0OCDW/i07jVF/BthEJMkLP6cu85uecmueDa+P4Pqe3tHxwe1Y+dk9Oz8wv38mqgM1sw7LNMZMUooRoFV9g33Agc5QVSmQgcJtPH1X44w0LzTD2beY6RpKniL5xRsxzFbjtMMOWq5AYlf8eFE67I6VmqjJUNzaUVldUJUU3+bLHr+U2/UmMXgg14nTpU6sYuCycZsxKVYYJqPQ783EQlLQxnYnXWaswpm9IUSyaTgqevZms6XqKiEnVUVl9vR4Q184WzbBX877ALg1YzaDfbvZbXeVjXgzrcwC3cQQD30IEn6EIfGHzAJ3zBN2mREYkJXVtrZJO5hi2Rt19D8Hhi</latexit>

• Quantum simulation
<latexit sha1_base64="n04VTiJmvIH9iMRY/QMFUoEhJiw=">AAABfnicZY9LS8NAFIXv1FeMr6hLN2JA3BgTkeoy4sZlBZMWmlAm02scO3kwMymU0P/gVv+Z/8aYdlN7Vh/n3gPnJKXgSrvuD+lsbG5t7xi75t7+weGRdXwSqqKSDANWiEIOEqpQ8BwDzbXAQSmRZonAfjJ5+rv3pygVL/JXPSsxzmia8zfOqG6sMJqOC61Glu06bqvzdfCWYPsGtOqNLBaNC1ZlmGsmqFJDzy11XFOpORM4N6NKYUnZhKZYsyyRPH3XK+6wwZxmqOK63bAaEZWezc2mlfe/wzqEt47Xdbovd7b/uKgHBpzBBVyBB/fgwzP0IAAGH/AJX/BNgFySa3KzeO2QZeYUVkQefgGBgWOU</latexit>...

<latexit sha1_base64="+Ty1LergOYfQqdyjOSBfEQBkV1g=">AAABp3icZY+7TsNAEEVneQbzMlDSINJAQWSnCG0QDVQEiTykOIrWm8GMsl5b3nGkYOUr+Bpa+Ar+hryEFHKro7lzNXfCVJNlz/sRG5tb2zu7pT1n/+Dw6Ng9OW3ZJM8UNlWik6wTSouaDDaZWGMnzVDGocZ2OLyf+e0RZpYS88LjFHuxjAy9kpI8HfXdmyDEiExBjDG948QJZuQ8Gs6JaYROgGbw5/bdslfx5rpYB38J5XoJ5mr0XRUMEpXHaFhpaW3X91LuFTJjUnp2LbeYSjWUERYqDjOK3nhl2p2ikTHaXjF/djWicx5PnGkr/3+HdWhVK36tUnuulut3i3pQgnO4hCvw4Rbq8AANaIKCD/iEL/gW1+JJtERnsbohlpkzWJGQv3EldHk=</latexit>

• Intuitive

<latexit sha1_base64="bMCRxDebzyK2etHtfuN6lEIAvy4=">AAAB0nicZZA7TwJBFIXv4gvXF2ppM5HGiuxSYIsxMZaY8EpYQmaHYZkwO7OZuYsBQmFs/U3+D3tb/Q0uCw1yqpNz7r35csNECoue9+UU9vYPDo+Kx+7J6dn5Renyqm11ahhvMS216YbUcikUb6FAybuJ4TQOJe+Ek8dV35lyY4VWTZwlvB/TSImRYBSzaFDqBkoLNeQK3SfKUBsxzxtCk8RoysZEWCLiRBukCgmfckXEiAhc5UojwTEnWsmZGwRuRGNOhCKoX7PTZa/i5SK7xt+Ycr0IuRqDEguGmqVxhsIktbbnewn2F9SgYJIv3SC1PKFsQiO+YHFoRDTGrbSXWZUR2P4i/8v2ikxxtnQzKv8/w65pVyt+rVJ7qZbrD2s8KMIN3MId+HAPdXiGBrSAwSd8ww/8Ok1n7rw57+vRgrPZuYYtOR9/d+uEpA==</latexit>

Factorization approach is important even if it is not the only

game in town

<latexit sha1_base64="RPYgWFgD6m7tzReM4ZeOwJmi8G8=">AAABy3icZZDLTsJAFIZP8Yb1VnXpprEbV6RlgVuMGzcmkMgloYRMh0OZMJ1pZqYYQJY+k8/iwq2+hi0QE+TfnC/n8ufPiVLOtPH9T6u0t39weFQ+tk9Oz84vnMurtpaZotiikkvVjYhGzgS2DDMcu6lCkkQcO9HksZh3pqg0k+LFzFLsJyQWbMQoMXlr4DTDCGMmFsxgwua4tMOC7NBz5chNpdYsd3JlpFFNSY7a1ZQU5ZWZsYsCVTyzQxTDP4eB4/kVfyV3F4INePUyrNQYODQcSpolKAzlROte4KemvyDKMMqLRJnGlNAJiXFBk0ixeGy2ur0cBUlQ9xerh2yf8MzMlnaeKvifYRfa1UpQq9SaVa/+sI4HZbiBW7iDAO6hDk/QgBZQ+IAv+IYf69nS1tx6W6+WrM3NNWzJev8FBSaC7g==</latexit>

• # of possible observables scales with energy
<latexit sha1_base64="uVQNFZJ8PW+jSXbN8A070GJiHUA=">AAAByHicZY/LSsNAFIZP6q3GW9Slm8GiCMWSFKnbgBtxVcFeoKlhZjItoTOZkJkoIWTjVp/Grb6Ib2OadmHtD+fw8Z8L55CYh0rb9o9R29jc2t6p75p7+weHR9bxSV/JNKGsRyWXyZBgxXgYsZ4ONWfDOGFYEM4GZHY3rw9eWKJCGT3pLGZjgadROAkp1qXlW5eeSJ+baJ6vkaclGvhOGW3k0UBqVWKEmmjoWw27ZVdC6+AsoeHWoVLXt969QNJUsEhTjpUaOXasxzlOdEg5K0wvVSzGdIanbFRihAVT47z6p0AXpROgiUzKiDSq3L8TOU91trIjx0KpTJBVkxDJg8I0y+ud/7euQ7/dcjqtzuNNw3UXb0AdzuAcrsCBW3DhHrrQAwof8Alf8G08GLHxamSL1pqxnDmFFRlvv4QSfck=</latexit>

µ+µ→ → W1W2 · · ·Wn +X

<latexit sha1_base64="ycLdk8oZpiCR1KW+72EnBp1kJ7g=">AAABx3icZZC5TsNAEIbH4QrmMlDSrEhBaCI7RWiDaKBAChI5pDgK681gVtnD8q4jgpWCZ+Jp0sKLkEtIIX/1aWZ+6dNEieDG+v7UKWxt7+zuFffdg8Oj4xPv9KxldJYybDItdNqJqEHBFTYttwI7SYpURgLb0fBuvm+PMDVcq2c7TrAnaaz4K2fUzkZ97zGMMOYq5xYl/8CJG87JbXNhtOJUkTLTMskskhetkBhGBRJqCSWWS7y6dkNUg7923yv5FX8RsgnBCkr1IizS6HssHGiWSVSWCWpMN/AT28tpajkTc5vMYELZkMaYMxmlPH6za9PuDBWVaHr54hnrFZHZ8cSdWQX/HTahVa0EtUrtqVqq3y71oAgXcAllCOAG6nAPDWgCgy+Ywjf8OA+OdkbO+/K04Kw657AW5/MXcS2AcA==</latexit>

• Wilsonian (compute ‘one scale at a time’)



EW Factorization?
<latexit sha1_base64="/aK8nnN6wXzFyQEd3Ia4qr2Tyk0=">AAAB0nicZZBLT8JAFIVvfWJ9VV26mcjGFWlZ4BZjSFxiwiuhhEynlzKhnWlmpioQFsatv8n/4d6t/gZLYYOc1Zd7z8k9uUEac21c98va2d3bPzgsHdnHJ6dn587FZUfLTDFsMxlL1QuoxpgLbBtuYuylCmkSxNgNJg/LffcZleZStMw0xUFCI8FHnFGTj4ZOzxeSixCFsRuvBkXIRURGlBmp+KzwECPJmEdjggJVNCWNLkmVZKg1asI1EdIQ2/dtbRTNbWYk1QtV4dApuxW3ENkGbw3legkKNYcO80PJsiSvwmKqdd9zUzOYU2U4i3Fh+5nGlLIJjXDOkkAtb21M+zkKmqAezIu/bEbizEwXdt7K+99hGzrViler1J6q5fr9qh6U4Bpu4BY8uIM6PEIT2sDgE77hB36tljWz3qz3lXXHWmeuYEPWxx8njIVH</latexit>

Extending factorization to high energy EW processes is not

straightforward



EW Factorization?
<latexit sha1_base64="/aK8nnN6wXzFyQEd3Ia4qr2Tyk0=">AAAB0nicZZBLT8JAFIVvfWJ9VV26mcjGFWlZ4BZjSFxiwiuhhEynlzKhnWlmpioQFsatv8n/4d6t/gZLYYOc1Zd7z8k9uUEac21c98va2d3bPzgsHdnHJ6dn587FZUfLTDFsMxlL1QuoxpgLbBtuYuylCmkSxNgNJg/LffcZleZStMw0xUFCI8FHnFGTj4ZOzxeSixCFsRuvBkXIRURGlBmp+KzwECPJmEdjggJVNCWNLkmVZKg1asI1EdIQ2/dtbRTNbWYk1QtV4dApuxW3ENkGbw3legkKNYcO80PJsiSvwmKqdd9zUzOYU2U4i3Fh+5nGlLIJjXDOkkAtb21M+zkKmqAezIu/bEbizEwXdt7K+99hGzrViler1J6q5fr9qh6U4Bpu4BY8uIM6PEIT2sDgE77hB36tljWz3qz3lXXHWmeuYEPWxx8njIVH</latexit>

Extending factorization to high energy EW processes is not

straightforward

<latexit sha1_base64="U13fJ5hrYxrvoMveKHNjNIMmPTc=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXZbcSO4qdobtKHMTE/L0JlMyEyEEPoE4lafzbcxpl1Y+8OBn+9c+A+LpTDW979JZWd3b//AOXSPjk9Oz6rnF32j04Rjj2upkyGjBqWIsGeFlTiME6SKSRywxcNvf/CGiRE66tosxlDReSRmglNboNexSifVmt/wS3nbJlibWtuBUp1J9X081TxVGFkuqTGjwI9tmNPECi5x6Y5TgzHlCzrHUWEjqtCEeRl16dULMvVmOikqsl5J/27kMrXZxo2cKmMyxTYhY1pOl65bpA/+Z902/dtG0Gw0n+9q7fvVG+DAFVzDDQTQgjY8Qgd6wGEOH/AJX6ROnsgL6a5GK2S9cwkbIuEPKuRxuw==</latexit>

µ
<latexit sha1_base64="7h/jP/3sy8z4H2/prxFaBvl7bA8=">AAABs3icZU+7TsNAENwLrxBeBkoaizRUkY0giIogGsogkYcUR9H5siSnnO+suzUisvwtfA0t1PwNJkkTmGo0O6OZjVMlHQXBN6tsbG5t71R3a3v7B4dH3vFJ15nMCuwIo4ztx9yhkho7JElhP7XIk1hhL549/N57r2idNPqZ5ikOEz7R8kUKTqU08m4jwjfKpZYkufIdcUJ/ysfW6MiP/KIWlZKYWVT50nlXFBEZPy9GXj1oBAv4/0m4IvVWFRZojzwRjY3IEtQkFHduEAYpDXNuSQqFZVPmMC27+ARzkcRWTqa0pg5KqnmCbpgvHl+PqIzmRa1cFf7d8J90Lxths9F8uqq37pfzoApncA4XEMINtOAR2tABAe/wAZ/wxa7ZgMVsvLRW2CpzCmtgyQ/4ZXl1</latexit>

initial state hadron
?→



EW Factorization?
<latexit sha1_base64="/aK8nnN6wXzFyQEd3Ia4qr2Tyk0=">AAAB0nicZZBLT8JAFIVvfWJ9VV26mcjGFWlZ4BZjSFxiwiuhhEynlzKhnWlmpioQFsatv8n/4d6t/gZLYYOc1Zd7z8k9uUEac21c98va2d3bPzgsHdnHJ6dn587FZUfLTDFsMxlL1QuoxpgLbBtuYuylCmkSxNgNJg/LffcZleZStMw0xUFCI8FHnFGTj4ZOzxeSixCFsRuvBkXIRURGlBmp+KzwECPJmEdjggJVNCWNLkmVZKg1asI1EdIQ2/dtbRTNbWYk1QtV4dApuxW3ENkGbw3legkKNYcO80PJsiSvwmKqdd9zUzOYU2U4i3Fh+5nGlLIJjXDOkkAtb21M+zkKmqAezIu/bEbizEwXdt7K+99hGzrViler1J6q5fr9qh6U4Bpu4BY8uIM6PEIT2sDgE77hB36tljWz3qz3lXXHWmeuYEPWxx8njIVH</latexit>

Extending factorization to high energy EW processes is not

straightforward

<latexit sha1_base64="bEJS59jMHpU6LyCaT7JdIDJRfkM=">AAABwHicZVDLTsJAFL3FF9ZX1aWbRjauoDUGlqImxiUm8oiUkOlwoSPTTp2ZGrHpH/k17ox+jIWyQc7q3HPPyT25fsyZ0o7zbZQ2Nre2d8q75t7+weGRdXzSUSKRFNtUcCF7PlHIWYRtzTTHXiyRhD7Hrj+9m++7bygVE9GTnsU4CMkkYmNGic6loXXvaXzXaUBGUkSM2i+oPduzM9NTmtCpRJ4Wjuss87Qwi2FuyZ22GNtZt/ZcC4ZWxak6C9jrxF2SSrMMC7SGFvVGgiYhRppyolTfdWI9SInUjHLMzycK47wAmWBKQ1+ySaBX1H5OIxKiGqSLL6xGeKJnmZm3cv93WCedy6pbr9YfryrNm6IelOEMzuECXGhAEx6gBW2g8Alf8AO/xq0RGMJ4LawlY5k5hRUYH38QQX2t</latexit>

hadronic jet
?→ jet of W/Z/h

<latexit sha1_base64="U13fJ5hrYxrvoMveKHNjNIMmPTc=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXZbcSO4qdobtKHMTE/L0JlMyEyEEPoE4lafzbcxpl1Y+8OBn+9c+A+LpTDW979JZWd3b//AOXSPjk9Oz6rnF32j04Rjj2upkyGjBqWIsGeFlTiME6SKSRywxcNvf/CGiRE66tosxlDReSRmglNboNexSifVmt/wS3nbJlibWtuBUp1J9X081TxVGFkuqTGjwI9tmNPECi5x6Y5TgzHlCzrHUWEjqtCEeRl16dULMvVmOikqsl5J/27kMrXZxo2cKmMyxTYhY1pOl65bpA/+Z902/dtG0Gw0n+9q7fvVG+DAFVzDDQTQgjY8Qgd6wGEOH/AJX6ROnsgL6a5GK2S9cwkbIuEPKuRxuw==</latexit>

µ
<latexit sha1_base64="7h/jP/3sy8z4H2/prxFaBvl7bA8=">AAABs3icZU+7TsNAENwLrxBeBkoaizRUkY0giIogGsogkYcUR9H5siSnnO+suzUisvwtfA0t1PwNJkkTmGo0O6OZjVMlHQXBN6tsbG5t71R3a3v7B4dH3vFJ15nMCuwIo4ztx9yhkho7JElhP7XIk1hhL549/N57r2idNPqZ5ikOEz7R8kUKTqU08m4jwjfKpZYkufIdcUJ/ysfW6MiP/KIWlZKYWVT50nlXFBEZPy9GXj1oBAv4/0m4IvVWFRZojzwRjY3IEtQkFHduEAYpDXNuSQqFZVPmMC27+ARzkcRWTqa0pg5KqnmCbpgvHl+PqIzmRa1cFf7d8J90Lxths9F8uqq37pfzoApncA4XEMINtOAR2tABAe/wAZ/wxa7ZgMVsvLRW2CpzCmtgyQ/4ZXl1</latexit>

initial state hadron
?→



EW Factorization?
<latexit sha1_base64="/aK8nnN6wXzFyQEd3Ia4qr2Tyk0=">AAAB0nicZZBLT8JAFIVvfWJ9VV26mcjGFWlZ4BZjSFxiwiuhhEynlzKhnWlmpioQFsatv8n/4d6t/gZLYYOc1Zd7z8k9uUEac21c98va2d3bPzgsHdnHJ6dn587FZUfLTDFsMxlL1QuoxpgLbBtuYuylCmkSxNgNJg/LffcZleZStMw0xUFCI8FHnFGTj4ZOzxeSixCFsRuvBkXIRURGlBmp+KzwECPJmEdjggJVNCWNLkmVZKg1asI1EdIQ2/dtbRTNbWYk1QtV4dApuxW3ENkGbw3legkKNYcO80PJsiSvwmKqdd9zUzOYU2U4i3Fh+5nGlLIJjXDOkkAtb21M+zkKmqAezIu/bEbizEwXdt7K+99hGzrViler1J6q5fr9qh6U4Bpu4BY8uIM6PEIT2sDgE77hB36tljWz3qz3lXXHWmeuYEPWxx8njIVH</latexit>

Extending factorization to high energy EW processes is not

straightforward

<latexit sha1_base64="Q0JYYg8PAzYotEaJWyfhkbqwrhc=">AAABf3icdY+7TsNAEEVnwyuEl4GSJiIFobHWAZlYorCUhjIInERKImu9DGaV9UPeNVJk5SNo4cv4GxwHChfc6mjuXM2dIJVCaUq/SWNre2d3r7nfOjg8Oj4xTs9GKskzjh5PZJJNAqZQihg9LbTESZohiwKJ42AxWPvjd8yUSOJnvUxxHrEwFq+CM12Oxk9e9+baH/hGh5q0lG2312D1qVWC4/R7PadtVRalHbcJlYa+wWcvCc8jjDWXTKmpRVM9L1imBZe4as1yhSnjCxZiwaMgE+Gbrk2nJcYsQjUvqifqEZnr5apVtvo73f4fRj3Tsk378bbj3m/qQRMu4BK6YMEduPAAQ/CAwwI+4BO+CCFXxCR0s9ogv5lzqIk4PxMeYxg=</latexit>

SU(3)C
<latexit sha1_base64="YWyBJEmTeJ2ohAaEE7mOEx5Y8NU=">AAABkHicdY9LS8NAFIXv1Fetr1jBjZtgN67KpEhMQbDiRlxVsA9oS5mM1zh0Mgkzk2KJ/TNu9Q/5b0xbXXThWX3ccw/33DCVwlhKv0lpY3Nre6e8W9nbPzg8co6rXZNkmmOHJzLR/ZAZlEJhxworsZ9qZHEosRdO7hZ+b4raiEQ92VmKo5hFSrwIzmwxGjunQ4tvNo9YFqEr1JRpwZSdj50ardNCvu8uwAuoV0CzGTQaTddbWpTWWmVYqj12+PA54VmMynLJjBl4NLWjnGkruMR5ZZgZTBmfsAhzHodaRK92bTooULEYzShffrUekZmdzStFq7/T7v/QbdQ9v+4/XtZa16t6UIYzOIcL8OAKWnAPbegAh3f4gE/4IlUSkBtyu1otkd/MCayJPPwA1IFrHw==</latexit>

gauge invariant

<latexit sha1_base64="bEJS59jMHpU6LyCaT7JdIDJRfkM=">AAABwHicZVDLTsJAFL3FF9ZX1aWbRjauoDUGlqImxiUm8oiUkOlwoSPTTp2ZGrHpH/k17ox+jIWyQc7q3HPPyT25fsyZ0o7zbZQ2Nre2d8q75t7+weGRdXzSUSKRFNtUcCF7PlHIWYRtzTTHXiyRhD7Hrj+9m++7bygVE9GTnsU4CMkkYmNGic6loXXvaXzXaUBGUkSM2i+oPduzM9NTmtCpRJ4Wjuss87Qwi2FuyZ22GNtZt/ZcC4ZWxak6C9jrxF2SSrMMC7SGFvVGgiYhRppyolTfdWI9SInUjHLMzycK47wAmWBKQ1+ySaBX1H5OIxKiGqSLL6xGeKJnmZm3cv93WCedy6pbr9YfryrNm6IelOEMzuECXGhAEx6gBW2g8Alf8AO/xq0RGMJ4LawlY5k5hRUYH38QQX2t</latexit>

hadronic jet
?→ jet of W/Z/h

<latexit sha1_base64="U13fJ5hrYxrvoMveKHNjNIMmPTc=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXZbcSO4qdobtKHMTE/L0JlMyEyEEPoE4lafzbcxpl1Y+8OBn+9c+A+LpTDW979JZWd3b//AOXSPjk9Oz6rnF32j04Rjj2upkyGjBqWIsGeFlTiME6SKSRywxcNvf/CGiRE66tosxlDReSRmglNboNexSifVmt/wS3nbJlibWtuBUp1J9X081TxVGFkuqTGjwI9tmNPECi5x6Y5TgzHlCzrHUWEjqtCEeRl16dULMvVmOikqsl5J/27kMrXZxo2cKmMyxTYhY1pOl65bpA/+Z902/dtG0Gw0n+9q7fvVG+DAFVzDDQTQgjY8Qgd6wGEOH/AJX6ROnsgL6a5GK2S9cwkbIuEPKuRxuw==</latexit>

µ
<latexit sha1_base64="7h/jP/3sy8z4H2/prxFaBvl7bA8=">AAABs3icZU+7TsNAENwLrxBeBkoaizRUkY0giIogGsogkYcUR9H5siSnnO+suzUisvwtfA0t1PwNJkkTmGo0O6OZjVMlHQXBN6tsbG5t71R3a3v7B4dH3vFJ15nMCuwIo4ztx9yhkho7JElhP7XIk1hhL549/N57r2idNPqZ5ikOEz7R8kUKTqU08m4jwjfKpZYkufIdcUJ/ysfW6MiP/KIWlZKYWVT50nlXFBEZPy9GXj1oBAv4/0m4IvVWFRZojzwRjY3IEtQkFHduEAYpDXNuSQqFZVPmMC27+ARzkcRWTqa0pg5KqnmCbpgvHl+PqIzmRa1cFf7d8J90Lxths9F8uqq37pfzoApncA4XEMINtOAR2tABAe/wAZ/wxa7ZgMVsvLRW2CpzCmtgyQ/4ZXl1</latexit>

initial state hadron
?→



EW Factorization?
<latexit sha1_base64="/aK8nnN6wXzFyQEd3Ia4qr2Tyk0=">AAAB0nicZZBLT8JAFIVvfWJ9VV26mcjGFWlZ4BZjSFxiwiuhhEynlzKhnWlmpioQFsatv8n/4d6t/gZLYYOc1Zd7z8k9uUEac21c98va2d3bPzgsHdnHJ6dn587FZUfLTDFsMxlL1QuoxpgLbBtuYuylCmkSxNgNJg/LffcZleZStMw0xUFCI8FHnFGTj4ZOzxeSixCFsRuvBkXIRURGlBmp+KzwECPJmEdjggJVNCWNLkmVZKg1asI1EdIQ2/dtbRTNbWYk1QtV4dApuxW3ENkGbw3legkKNYcO80PJsiSvwmKqdd9zUzOYU2U4i3Fh+5nGlLIJjXDOkkAtb21M+zkKmqAezIu/bEbizEwXdt7K+99hGzrViler1J6q5fr9qh6U4Bpu4BY8uIM6PEIT2sDgE77hB36tljWz3qz3lXXHWmeuYEPWxx8njIVH</latexit>

Extending factorization to high energy EW processes is not

straightforward

<latexit sha1_base64="Q0JYYg8PAzYotEaJWyfhkbqwrhc=">AAABf3icdY+7TsNAEEVnwyuEl4GSJiIFobHWAZlYorCUhjIInERKImu9DGaV9UPeNVJk5SNo4cv4GxwHChfc6mjuXM2dIJVCaUq/SWNre2d3r7nfOjg8Oj4xTs9GKskzjh5PZJJNAqZQihg9LbTESZohiwKJ42AxWPvjd8yUSOJnvUxxHrEwFq+CM12Oxk9e9+baH/hGh5q0lG2312D1qVWC4/R7PadtVRalHbcJlYa+wWcvCc8jjDWXTKmpRVM9L1imBZe4as1yhSnjCxZiwaMgE+Gbrk2nJcYsQjUvqifqEZnr5apVtvo73f4fRj3Tsk378bbj3m/qQRMu4BK6YMEduPAAQ/CAwwI+4BO+CCFXxCR0s9ogv5lzqIk4PxMeYxg=</latexit>

SU(3)C
<latexit sha1_base64="YWyBJEmTeJ2ohAaEE7mOEx5Y8NU=">AAABkHicdY9LS8NAFIXv1Fetr1jBjZtgN67KpEhMQbDiRlxVsA9oS5mM1zh0Mgkzk2KJ/TNu9Q/5b0xbXXThWX3ccw/33DCVwlhKv0lpY3Nre6e8W9nbPzg8co6rXZNkmmOHJzLR/ZAZlEJhxworsZ9qZHEosRdO7hZ+b4raiEQ92VmKo5hFSrwIzmwxGjunQ4tvNo9YFqEr1JRpwZSdj50ardNCvu8uwAuoV0CzGTQaTddbWpTWWmVYqj12+PA54VmMynLJjBl4NLWjnGkruMR5ZZgZTBmfsAhzHodaRK92bTooULEYzShffrUekZmdzStFq7/T7v/QbdQ9v+4/XtZa16t6UIYzOIcL8OAKWnAPbegAh3f4gE/4IlUSkBtyu1otkd/MCayJPPwA1IFrHw==</latexit>

gauge invariant

<latexit sha1_base64="2kWgPUqt7tm580TVyAi9aBtT09w=">AAABj3icdY9LS8NAFIXv1Fetr1Rx5SbYTbspM0HSBkQCbnRX0bSVNoTJONahkweZiVBCf4xb/UX+G9NUF114Vh/33MM9N0ylUBrjb1Tb2t7Z3avvNw4Oj45PjObpUCV5xrjHEplk45AqLkXMPS205OM04zQKJR+F89uVP3rnmRJJ/KQXKfcjOovFq2BUl6PAOH/02lYnGJlTLSKuTK9NOsFzYLRwF5eybXMFpI9JCY7TtyzHJJWFccutQ6VBYLDpS8LyiMeaSarUhOBU+wXNtGCSLxvTXPGUsjmd8YJFYSZmb3pjOikxpmUDv6ie2ozIXC+WjbLV32nzfxhaXWJ37Yerlnu9rgd1uIBLaAOBHrhwBwPwgEEBH/AJX6iJeugGuevVGvrNnMGG0P0PceloNQ==</latexit>

SU(2)W → U(1)Y
<latexit sha1_base64="gNvzP5mwqE+LEGT1AJp5h3SL25o=">AAABjnicdY9LT8JAFIXv4Avrqz52bohs3EimxFSaaCRxwxITCyRAyHS84oTptJmZErHhv7jVf+S/sYAuWHhWX+65J/fcKJXCWEq/SWljc2t7p7zr7O0fHB65xycdk2SaY8gTmehexAxKoTC0wkrspRpZHEnsRpOHhd+dojYiUU92luIwZmMlXgRnthiN3LOBxTebq0RdCTVlWjBl5yO3Smu0kO9XFuA1qFdAEDTq9aDiLS1Kq80yLNUeuXzwnPAsRmW5ZMb0PZraYc60FVzi3BlkBlPGJ2yMOY8jLcavdm3aL1CxGM0wX/60HpGZnc2dotXf6cr/0KnXPL/mP15Xm7erelCGc7iAS/DgBprQgjaEwOEdPuATvohLfHJH7lerJfKbOYU1kdYPu9JqWg==</latexit>

non-invariant

<latexit sha1_base64="bEJS59jMHpU6LyCaT7JdIDJRfkM=">AAABwHicZVDLTsJAFL3FF9ZX1aWbRjauoDUGlqImxiUm8oiUkOlwoSPTTp2ZGrHpH/k17ox+jIWyQc7q3HPPyT25fsyZ0o7zbZQ2Nre2d8q75t7+weGRdXzSUSKRFNtUcCF7PlHIWYRtzTTHXiyRhD7Hrj+9m++7bygVE9GTnsU4CMkkYmNGic6loXXvaXzXaUBGUkSM2i+oPduzM9NTmtCpRJ4Wjuss87Qwi2FuyZ22GNtZt/ZcC4ZWxak6C9jrxF2SSrMMC7SGFvVGgiYhRppyolTfdWI9SInUjHLMzycK47wAmWBKQ1+ySaBX1H5OIxKiGqSLL6xGeKJnmZm3cv93WCedy6pbr9YfryrNm6IelOEMzuECXGhAEx6gBW2g8Alf8AO/xq0RGMJ4LawlY5k5hRUYH38QQX2t</latexit>

hadronic jet
?→ jet of W/Z/h

<latexit sha1_base64="U13fJ5hrYxrvoMveKHNjNIMmPTc=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXZbcSO4qdobtKHMTE/L0JlMyEyEEPoE4lafzbcxpl1Y+8OBn+9c+A+LpTDW979JZWd3b//AOXSPjk9Oz6rnF32j04Rjj2upkyGjBqWIsGeFlTiME6SKSRywxcNvf/CGiRE66tosxlDReSRmglNboNexSifVmt/wS3nbJlibWtuBUp1J9X081TxVGFkuqTGjwI9tmNPECi5x6Y5TgzHlCzrHUWEjqtCEeRl16dULMvVmOikqsl5J/27kMrXZxo2cKmMyxTYhY1pOl65bpA/+Z902/dtG0Gw0n+9q7fvVG+DAFVzDDQTQgjY8Qgd6wGEOH/AJX6ROnsgL6a5GK2S9cwkbIuEPKuRxuw==</latexit>

µ
<latexit sha1_base64="7h/jP/3sy8z4H2/prxFaBvl7bA8=">AAABs3icZU+7TsNAENwLrxBeBkoaizRUkY0giIogGsogkYcUR9H5siSnnO+suzUisvwtfA0t1PwNJkkTmGo0O6OZjVMlHQXBN6tsbG5t71R3a3v7B4dH3vFJ15nMCuwIo4ztx9yhkho7JElhP7XIk1hhL549/N57r2idNPqZ5ikOEz7R8kUKTqU08m4jwjfKpZYkufIdcUJ/ysfW6MiP/KIWlZKYWVT50nlXFBEZPy9GXj1oBAv4/0m4IvVWFRZojzwRjY3IEtQkFHduEAYpDXNuSQqFZVPmMC27+ARzkcRWTqa0pg5KqnmCbpgvHl+PqIzmRa1cFf7d8J90Lxths9F8uqq37pfzoApncA4XEMINtOAR2tABAe/wAZ/wxa7ZgMVsvLRW2CpzCmtgyQ/4ZXl1</latexit>

initial state hadron
?→



EW Factorization?
<latexit sha1_base64="/aK8nnN6wXzFyQEd3Ia4qr2Tyk0=">AAAB0nicZZBLT8JAFIVvfWJ9VV26mcjGFWlZ4BZjSFxiwiuhhEynlzKhnWlmpioQFsatv8n/4d6t/gZLYYOc1Zd7z8k9uUEac21c98va2d3bPzgsHdnHJ6dn587FZUfLTDFsMxlL1QuoxpgLbBtuYuylCmkSxNgNJg/LffcZleZStMw0xUFCI8FHnFGTj4ZOzxeSixCFsRuvBkXIRURGlBmp+KzwECPJmEdjggJVNCWNLkmVZKg1asI1EdIQ2/dtbRTNbWYk1QtV4dApuxW3ENkGbw3legkKNYcO80PJsiSvwmKqdd9zUzOYU2U4i3Fh+5nGlLIJjXDOkkAtb21M+zkKmqAezIu/bEbizEwXdt7K+99hGzrViler1J6q5fr9qh6U4Bpu4BY8uIM6PEIT2sDgE77hB36tljWz3qz3lXXHWmeuYEPWxx8njIVH</latexit>

Extending factorization to high energy EW processes is not

straightforward

<latexit sha1_base64="Q0JYYg8PAzYotEaJWyfhkbqwrhc=">AAABf3icdY+7TsNAEEVnwyuEl4GSJiIFobHWAZlYorCUhjIInERKImu9DGaV9UPeNVJk5SNo4cv4GxwHChfc6mjuXM2dIJVCaUq/SWNre2d3r7nfOjg8Oj4xTs9GKskzjh5PZJJNAqZQihg9LbTESZohiwKJ42AxWPvjd8yUSOJnvUxxHrEwFq+CM12Oxk9e9+baH/hGh5q0lG2312D1qVWC4/R7PadtVRalHbcJlYa+wWcvCc8jjDWXTKmpRVM9L1imBZe4as1yhSnjCxZiwaMgE+Gbrk2nJcYsQjUvqifqEZnr5apVtvo73f4fRj3Tsk378bbj3m/qQRMu4BK6YMEduPAAQ/CAwwI+4BO+CCFXxCR0s9ogv5lzqIk4PxMeYxg=</latexit>

SU(3)C
<latexit sha1_base64="YWyBJEmTeJ2ohAaEE7mOEx5Y8NU=">AAABkHicdY9LS8NAFIXv1Fetr1jBjZtgN67KpEhMQbDiRlxVsA9oS5mM1zh0Mgkzk2KJ/TNu9Q/5b0xbXXThWX3ccw/33DCVwlhKv0lpY3Nre6e8W9nbPzg8co6rXZNkmmOHJzLR/ZAZlEJhxworsZ9qZHEosRdO7hZ+b4raiEQ92VmKo5hFSrwIzmwxGjunQ4tvNo9YFqEr1JRpwZSdj50ardNCvu8uwAuoV0CzGTQaTddbWpTWWmVYqj12+PA54VmMynLJjBl4NLWjnGkruMR5ZZgZTBmfsAhzHodaRK92bTooULEYzShffrUekZmdzStFq7/T7v/QbdQ9v+4/XtZa16t6UIYzOIcL8OAKWnAPbegAh3f4gE/4IlUSkBtyu1otkd/MCayJPPwA1IFrHw==</latexit>

gauge invariant

<latexit sha1_base64="2kWgPUqt7tm580TVyAi9aBtT09w=">AAABj3icdY9LS8NAFIXv1Fetr1Rx5SbYTbspM0HSBkQCbnRX0bSVNoTJONahkweZiVBCf4xb/UX+G9NUF114Vh/33MM9N0ylUBrjb1Tb2t7Z3avvNw4Oj45PjObpUCV5xrjHEplk45AqLkXMPS205OM04zQKJR+F89uVP3rnmRJJ/KQXKfcjOovFq2BUl6PAOH/02lYnGJlTLSKuTK9NOsFzYLRwF5eybXMFpI9JCY7TtyzHJJWFccutQ6VBYLDpS8LyiMeaSarUhOBU+wXNtGCSLxvTXPGUsjmd8YJFYSZmb3pjOikxpmUDv6ie2ozIXC+WjbLV32nzfxhaXWJ37Yerlnu9rgd1uIBLaAOBHrhwBwPwgEEBH/AJX6iJeugGuevVGvrNnMGG0P0PceloNQ==</latexit>

SU(2)W → U(1)Y
<latexit sha1_base64="gNvzP5mwqE+LEGT1AJp5h3SL25o=">AAABjnicdY9LT8JAFIXv4Avrqz52bohs3EimxFSaaCRxwxITCyRAyHS84oTptJmZErHhv7jVf+S/sYAuWHhWX+65J/fcKJXCWEq/SWljc2t7p7zr7O0fHB65xycdk2SaY8gTmehexAxKoTC0wkrspRpZHEnsRpOHhd+dojYiUU92luIwZmMlXgRnthiN3LOBxTebq0RdCTVlWjBl5yO3Smu0kO9XFuA1qFdAEDTq9aDiLS1Kq80yLNUeuXzwnPAsRmW5ZMb0PZraYc60FVzi3BlkBlPGJ2yMOY8jLcavdm3aL1CxGM0wX/60HpGZnc2dotXf6cr/0KnXPL/mP15Xm7erelCGc7iAS/DgBprQgjaEwOEdPuATvohLfHJH7lerJfKbOYU1kdYPu9JqWg==</latexit>

non-invariant

<latexit sha1_base64="gLBm8rojkDp+LZe3UXxHDQlRbFk=">AAABvnicZZDLSsNAFIZP6i3GW9Slm2A3rkrSRd1GVNBdFXuBppTJ9DQOncyEmUmxhr6QT+O2Po3pBaH2X338Mz98nDjjTBvfn1uVnd29/QP70Dk6Pjk9c88v2lrmimKLSi5VNyYaORPYMsxw7GYKSRpz7MTj+8V7Z4JKMynezDTDfkoSwUaMElNWA/chijFhomAGU/aJMydakPPY8RKSJ+gxMSGKEUHRi5Ucoygb7/nViVAM/0YDt+rX/GW8bQjWUA1tWKY5cGk0lDRPURjKida9wM9MvyDKMMoXErnGjNAxSbCgaaxY8m422l6JgqSo+8XyBpsTnpvpzCmtgv8O29Cu14JGrfFSr4Z3Kz2w4Qqu4QYCuIUQnqAJLaDwBd8whx8rtEZWasnV14q13lzCRqyPX8pufPY=</latexit>

• EW gauge invariance broken in IR

<latexit sha1_base64="bEJS59jMHpU6LyCaT7JdIDJRfkM=">AAABwHicZVDLTsJAFL3FF9ZX1aWbRjauoDUGlqImxiUm8oiUkOlwoSPTTp2ZGrHpH/k17ox+jIWyQc7q3HPPyT25fsyZ0o7zbZQ2Nre2d8q75t7+weGRdXzSUSKRFNtUcCF7PlHIWYRtzTTHXiyRhD7Hrj+9m++7bygVE9GTnsU4CMkkYmNGic6loXXvaXzXaUBGUkSM2i+oPduzM9NTmtCpRJ4Wjuss87Qwi2FuyZ22GNtZt/ZcC4ZWxak6C9jrxF2SSrMMC7SGFvVGgiYhRppyolTfdWI9SInUjHLMzycK47wAmWBKQ1+ySaBX1H5OIxKiGqSLL6xGeKJnmZm3cv93WCedy6pbr9YfryrNm6IelOEMzuECXGhAEx6gBW2g8Alf8AO/xq0RGMJ4LawlY5k5hRUYH38QQX2t</latexit>

hadronic jet
?→ jet of W/Z/h

<latexit sha1_base64="U13fJ5hrYxrvoMveKHNjNIMmPTc=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXZbcSO4qdobtKHMTE/L0JlMyEyEEPoE4lafzbcxpl1Y+8OBn+9c+A+LpTDW979JZWd3b//AOXSPjk9Oz6rnF32j04Rjj2upkyGjBqWIsGeFlTiME6SKSRywxcNvf/CGiRE66tosxlDReSRmglNboNexSifVmt/wS3nbJlibWtuBUp1J9X081TxVGFkuqTGjwI9tmNPECi5x6Y5TgzHlCzrHUWEjqtCEeRl16dULMvVmOikqsl5J/27kMrXZxo2cKmMyxTYhY1pOl65bpA/+Z902/dtG0Gw0n+9q7fvVG+DAFVzDDQTQgjY8Qgd6wGEOH/AJX6ROnsgL6a5GK2S9cwkbIuEPKuRxuw==</latexit>

µ
<latexit sha1_base64="7h/jP/3sy8z4H2/prxFaBvl7bA8=">AAABs3icZU+7TsNAENwLrxBeBkoaizRUkY0giIogGsogkYcUR9H5siSnnO+suzUisvwtfA0t1PwNJkkTmGo0O6OZjVMlHQXBN6tsbG5t71R3a3v7B4dH3vFJ15nMCuwIo4ztx9yhkho7JElhP7XIk1hhL549/N57r2idNPqZ5ikOEz7R8kUKTqU08m4jwjfKpZYkufIdcUJ/ysfW6MiP/KIWlZKYWVT50nlXFBEZPy9GXj1oBAv4/0m4IvVWFRZojzwRjY3IEtQkFHduEAYpDXNuSQqFZVPmMC27+ARzkcRWTqa0pg5KqnmCbpgvHl+PqIzmRa1cFf7d8J90Lxths9F8uqq37pfzoApncA4XEMINtOAR2tABAe/wAZ/wxa7ZgMVsvLRW2CpzCmtgyQ/4ZXl1</latexit>

initial state hadron
?→



EW Factorization?
<latexit sha1_base64="/aK8nnN6wXzFyQEd3Ia4qr2Tyk0=">AAAB0nicZZBLT8JAFIVvfWJ9VV26mcjGFWlZ4BZjSFxiwiuhhEynlzKhnWlmpioQFsatv8n/4d6t/gZLYYOc1Zd7z8k9uUEac21c98va2d3bPzgsHdnHJ6dn587FZUfLTDFsMxlL1QuoxpgLbBtuYuylCmkSxNgNJg/LffcZleZStMw0xUFCI8FHnFGTj4ZOzxeSixCFsRuvBkXIRURGlBmp+KzwECPJmEdjggJVNCWNLkmVZKg1asI1EdIQ2/dtbRTNbWYk1QtV4dApuxW3ENkGbw3legkKNYcO80PJsiSvwmKqdd9zUzOYU2U4i3Fh+5nGlLIJjXDOkkAtb21M+zkKmqAezIu/bEbizEwXdt7K+99hGzrViler1J6q5fr9qh6U4Bpu4BY8uIM6PEIT2sDgE77hB36tljWz3qz3lXXHWmeuYEPWxx8njIVH</latexit>

Extending factorization to high energy EW processes is not

straightforward

<latexit sha1_base64="Q0JYYg8PAzYotEaJWyfhkbqwrhc=">AAABf3icdY+7TsNAEEVnwyuEl4GSJiIFobHWAZlYorCUhjIInERKImu9DGaV9UPeNVJk5SNo4cv4GxwHChfc6mjuXM2dIJVCaUq/SWNre2d3r7nfOjg8Oj4xTs9GKskzjh5PZJJNAqZQihg9LbTESZohiwKJ42AxWPvjd8yUSOJnvUxxHrEwFq+CM12Oxk9e9+baH/hGh5q0lG2312D1qVWC4/R7PadtVRalHbcJlYa+wWcvCc8jjDWXTKmpRVM9L1imBZe4as1yhSnjCxZiwaMgE+Gbrk2nJcYsQjUvqifqEZnr5apVtvo73f4fRj3Tsk378bbj3m/qQRMu4BK6YMEduPAAQ/CAwwI+4BO+CCFXxCR0s9ogv5lzqIk4PxMeYxg=</latexit>

SU(3)C
<latexit sha1_base64="YWyBJEmTeJ2ohAaEE7mOEx5Y8NU=">AAABkHicdY9LS8NAFIXv1Fetr1jBjZtgN67KpEhMQbDiRlxVsA9oS5mM1zh0Mgkzk2KJ/TNu9Q/5b0xbXXThWX3ccw/33DCVwlhKv0lpY3Nre6e8W9nbPzg8co6rXZNkmmOHJzLR/ZAZlEJhxworsZ9qZHEosRdO7hZ+b4raiEQ92VmKo5hFSrwIzmwxGjunQ4tvNo9YFqEr1JRpwZSdj50ardNCvu8uwAuoV0CzGTQaTddbWpTWWmVYqj12+PA54VmMynLJjBl4NLWjnGkruMR5ZZgZTBmfsAhzHodaRK92bTooULEYzShffrUekZmdzStFq7/T7v/QbdQ9v+4/XtZa16t6UIYzOIcL8OAKWnAPbegAh3f4gE/4IlUSkBtyu1otkd/MCayJPPwA1IFrHw==</latexit>

gauge invariant

<latexit sha1_base64="2kWgPUqt7tm580TVyAi9aBtT09w=">AAABj3icdY9LS8NAFIXv1Fetr1Rx5SbYTbspM0HSBkQCbnRX0bSVNoTJONahkweZiVBCf4xb/UX+G9NUF114Vh/33MM9N0ylUBrjb1Tb2t7Z3avvNw4Oj45PjObpUCV5xrjHEplk45AqLkXMPS205OM04zQKJR+F89uVP3rnmRJJ/KQXKfcjOovFq2BUl6PAOH/02lYnGJlTLSKuTK9NOsFzYLRwF5eybXMFpI9JCY7TtyzHJJWFccutQ6VBYLDpS8LyiMeaSarUhOBU+wXNtGCSLxvTXPGUsjmd8YJFYSZmb3pjOikxpmUDv6ie2ozIXC+WjbLV32nzfxhaXWJ37Yerlnu9rgd1uIBLaAOBHrhwBwPwgEEBH/AJX6iJeugGuevVGvrNnMGG0P0PceloNQ==</latexit>

SU(2)W → U(1)Y
<latexit sha1_base64="gNvzP5mwqE+LEGT1AJp5h3SL25o=">AAABjnicdY9LT8JAFIXv4Avrqz52bohs3EimxFSaaCRxwxITCyRAyHS84oTptJmZErHhv7jVf+S/sYAuWHhWX+65J/fcKJXCWEq/SWljc2t7p7zr7O0fHB65xycdk2SaY8gTmehexAxKoTC0wkrspRpZHEnsRpOHhd+dojYiUU92luIwZmMlXgRnthiN3LOBxTebq0RdCTVlWjBl5yO3Smu0kO9XFuA1qFdAEDTq9aDiLS1Kq80yLNUeuXzwnPAsRmW5ZMb0PZraYc60FVzi3BlkBlPGJ2yMOY8jLcavdm3aL1CxGM0wX/60HpGZnc2dotXf6cr/0KnXPL/mP15Xm7erelCGc7iAS/DgBprQgjaEwOEdPuATvohLfHJH7lerJfKbOYU1kdYPu9JqWg==</latexit>

non-invariant

<latexit sha1_base64="gLBm8rojkDp+LZe3UXxHDQlRbFk=">AAABvnicZZDLSsNAFIZP6i3GW9Slm2A3rkrSRd1GVNBdFXuBppTJ9DQOncyEmUmxhr6QT+O2Po3pBaH2X338Mz98nDjjTBvfn1uVnd29/QP70Dk6Pjk9c88v2lrmimKLSi5VNyYaORPYMsxw7GYKSRpz7MTj+8V7Z4JKMynezDTDfkoSwUaMElNWA/chijFhomAGU/aJMydakPPY8RKSJ+gxMSGKEUHRi5Ucoygb7/nViVAM/0YDt+rX/GW8bQjWUA1tWKY5cGk0lDRPURjKida9wM9MvyDKMMoXErnGjNAxSbCgaaxY8m422l6JgqSo+8XyBpsTnpvpzCmtgv8O29Cu14JGrfFSr4Z3Kz2w4Qqu4QYCuIUQnqAJLaDwBd8whx8rtEZWasnV14q13lzCRqyPX8pufPY=</latexit>

• EW gauge invariance broken in IR
<latexit sha1_base64="Y7I/7XzC4G9JYCUJwd906qynrRM=">AAABz3icZZBLS8NAFIVv6qvGV9Slm2A3rkrSRd1WRHDZgmkLTSmTyTUdOpkJMxOlhopbf5O/xKVb/ROmD4Tas/q4957D4UYZZ9p43qdV2dre2d2r7tsHh0fHJ87pWVfLXFEMqORS9SOikTOBgWGGYz9TSNKIYy+a3M73vSdUmknxYKYZDlOSCPbIKDHlaOQEYYQJEwUzmLIXnNnhnOxAREpOULh3PTcheYJuIssYod1cxKj4lInEHRMVu5mSFLW2QxTxX8rIqXl1byF3E/wV1FpVWKg9cmgYS5qnKAzlROuB72VmWBBlGOXzVrnGjNAJSbCgaaRYMjZr00GJgqSoh8XiKesWnpvpzC5b+f87bEK3Ufeb9WanUWvdLOtBFS7gEq7Ah2towT20IQAKH/AF3/Bjdaxn69V6W55WrJXnHNZkvf8CBcKE1A==</latexit>

• Unbroken EW gauge governs underlying hard process

<latexit sha1_base64="bEJS59jMHpU6LyCaT7JdIDJRfkM=">AAABwHicZVDLTsJAFL3FF9ZX1aWbRjauoDUGlqImxiUm8oiUkOlwoSPTTp2ZGrHpH/k17ox+jIWyQc7q3HPPyT25fsyZ0o7zbZQ2Nre2d8q75t7+weGRdXzSUSKRFNtUcCF7PlHIWYRtzTTHXiyRhD7Hrj+9m++7bygVE9GTnsU4CMkkYmNGic6loXXvaXzXaUBGUkSM2i+oPduzM9NTmtCpRJ4Wjuss87Qwi2FuyZ22GNtZt/ZcC4ZWxak6C9jrxF2SSrMMC7SGFvVGgiYhRppyolTfdWI9SInUjHLMzycK47wAmWBKQ1+ySaBX1H5OIxKiGqSLL6xGeKJnmZm3cv93WCedy6pbr9YfryrNm6IelOEMzuECXGhAEx6gBW2g8Alf8AO/xq0RGMJ4LawlY5k5hRUYH38QQX2t</latexit>

hadronic jet
?→ jet of W/Z/h

<latexit sha1_base64="U13fJ5hrYxrvoMveKHNjNIMmPTc=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXZbcSO4qdobtKHMTE/L0JlMyEyEEPoE4lafzbcxpl1Y+8OBn+9c+A+LpTDW979JZWd3b//AOXSPjk9Oz6rnF32j04Rjj2upkyGjBqWIsGeFlTiME6SKSRywxcNvf/CGiRE66tosxlDReSRmglNboNexSifVmt/wS3nbJlibWtuBUp1J9X081TxVGFkuqTGjwI9tmNPECi5x6Y5TgzHlCzrHUWEjqtCEeRl16dULMvVmOikqsl5J/27kMrXZxo2cKmMyxTYhY1pOl65bpA/+Z902/dtG0Gw0n+9q7fvVG+DAFVzDDQTQgjY8Qgd6wGEOH/AJX6ROnsgL6a5GK2S9cwkbIuEPKuRxuw==</latexit>

µ
<latexit sha1_base64="7h/jP/3sy8z4H2/prxFaBvl7bA8=">AAABs3icZU+7TsNAENwLrxBeBkoaizRUkY0giIogGsogkYcUR9H5siSnnO+suzUisvwtfA0t1PwNJkkTmGo0O6OZjVMlHQXBN6tsbG5t71R3a3v7B4dH3vFJ15nMCuwIo4ztx9yhkho7JElhP7XIk1hhL549/N57r2idNPqZ5ikOEz7R8kUKTqU08m4jwjfKpZYkufIdcUJ/ysfW6MiP/KIWlZKYWVT50nlXFBEZPy9GXj1oBAv4/0m4IvVWFRZojzwRjY3IEtQkFHduEAYpDXNuSQqFZVPmMC27+ARzkcRWTqa0pg5KqnmCbpgvHl+PqIzmRa1cFf7d8J90Lxths9F8uqq37pfzoApncA4XEMINtOAR2tABAe/wAZ/wxa7ZgMVsvLRW2CpzCmtgyQ/4ZXl1</latexit>

initial state hadron
?→



Back to Basics

<latexit sha1_base64="LaowmseA/jLtwzOzAFIjZlbg2eo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FSEISQSKngquBGcFO1N2hjmZmehqGTTMhMhBD6BOJWn823MaZdWPvDgZ/vXPgPi6XQxnW/SWVre2d3r7pvHRweHZ/UTs/6WqUJxx5XUiVDRjVKEWHPCCNxGCdIQyZxwOb3v/3BGyZaqKhrshj9kAaRmAlOTYFe8PV6Uqu7jlvK3jTeytTbVSjVmdTex1PF0xAjwyXVeuS5sfFzmhjBJS6scaoxpnxOAxwVNqIhaj8voy7sRkGm9kwlRUXGLunfjVymJlu7kdNQ6yxk65AxJacLyyrSe/+zbpr+jeO1nNZTs96+W74BVbiAS7gCD26hDQ/QgR5wCOADPuGLNMgjeSbd5WiFrHbOYU3E/wHFrXFk</latexit>

e+

<latexit sha1_base64="W8VuLDYI4ZKhtW/yOzXaACNUxKs=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScGNIpFRwVXAjuKnaG7SxzExPw9BJJmQmQgh9AnGrz+bbGNMurP3hwM93LvyHxVJo47rfpLK1vbO7V923Dg6Pjk9qp2d9rdKEY48rqZIhoxqliLBnhJE4jBOkIZM4YPP73/7gDRMtVNQ1WYx+SINIzASnpkAv+Ho9qdVdxy1lbxpvZertKpTqTGrv46niaYiR4ZJqPfLc2Pg5TYzgEhfWONUYUz6nAY4KG9EQtZ+XURd2oyBTe6aSoiJjl/TvRi5Tk63dyGmodRaydciYktOFZRXpvf9ZN03/xvFaTuupWW/fLd+AKlzAJVyBB7fQhgfoQA84BPABn/BFGuSRPJPucrRCVjvnsCbi/wDIJ3Fm</latexit>

e→

<latexit sha1_base64="gp9r/Y2OGEWGqEo/KoStQKwe8wY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiCkJJilRwVXDjRqjQpIW2lpnpaRk6kwmZiVBCn8CFW30038aYdmHtDwd+vnPhPyyRwljf/yaVre2d3T1n3z04PDo+qZ6eRUZnKceQa6nTHqMGpYgxtMJK7CUpUsUkdtns8bfffcPUCB137DzBoaLTWEwEp7ZA4UBlr7ejas2v+6W8TROsTK3lQKn2qPo+GGueKYwtl9SYfuAndpjT1AouceEOMoMJ5TM6xX5hY6rQDPMy7MK7KsjYm+i0qNh6Jf27kcvMztdu5FQZM1dsHTKm5XjhukX64H/WTRM16kGz3ny5q7Uelm+AAxdwCTcQwD204AnaEAIHAR/wCV/kmjyTDomWoxWy2jmHNZHRDx6bclE=</latexit>

µ+

<latexit sha1_base64="yGK4mE4lZJEkezvoPk1Gxdw3oCY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiurEkRSq4KrhxI1Ro0kJby8z0tAydyYTMRCihT+DCrT6ab2NMu7D2hwM/37nwH5ZIYazvf5PK1vbO7p6z7x4cHh2fVE/PIqOzlGPItdRpj1GDUsQYWmEl9pIUqWISu2z2+NvvvmFqhI47dp7gUNFpLCaCU1ugcKCy19tRtebX/VLepglWptZyoFR7VH0fjDXPFMaWS2pMP/ATO8xpagWXuHAHmcGE8hmdYr+wMVVohnkZduFdFWTsTXRaVGy9kv7dyGVm52s3cqqMmSu2DhnTcrxw3SJ98D/rpoka9aBZb77c1VoPyzfAgQu4hBsI4B5a8ARtCIGDgA/4hC9yTZ5Jh0TL0QpZ7ZzDmsjoByEVclM=</latexit>

µ→

<latexit sha1_base64="ZQ7Mcgbc47s5q4C+jHwt19Rj7QM=">AAABfXicZY9LS8NAFIXv1FeMj0ZduhGD4EJC0kULriIquGzBtIU2lMl4jUMnD2YmQgn9DW71p/lrNKbdxJ7Vx7n3wDlRLrjSrvtNWlvbO7t7xr55cHh03LZOTocqKyTDgGUik+OIKhQ8xUBzLXCcS6RJJHAUze//7qN3lIpn6bNe5BgmNE75K2dUV1ZgDh4fbmeW7TpurYtN8NZg+wbU6s8sNn3JWJFgqpmgSk08N9dhSaXmTODSnBYKc8rmNMaSJZHk8ZtuuJMKU5qgCst6QjMiCr1YmlUr73+HTRh2HK/rdAcd279b1QMDzuESrsGDHvjwBH0IgAGHD/iEL/ghV+SGOKvXFllnzqAh0vsF8t9jGQ==</latexit>

QED:



Back to Basics

<latexit sha1_base64="LaowmseA/jLtwzOzAFIjZlbg2eo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FSEISQSKngquBGcFO1N2hjmZmehqGTTMhMhBD6BOJWn823MaZdWPvDgZ/vXPgPi6XQxnW/SWVre2d3r7pvHRweHZ/UTs/6WqUJxx5XUiVDRjVKEWHPCCNxGCdIQyZxwOb3v/3BGyZaqKhrshj9kAaRmAlOTYFe8PV6Uqu7jlvK3jTeytTbVSjVmdTex1PF0xAjwyXVeuS5sfFzmhjBJS6scaoxpnxOAxwVNqIhaj8voy7sRkGm9kwlRUXGLunfjVymJlu7kdNQ6yxk65AxJacLyyrSe/+zbpr+jeO1nNZTs96+W74BVbiAS7gCD26hDQ/QgR5wCOADPuGLNMgjeSbd5WiFrHbOYU3E/wHFrXFk</latexit>

e+

<latexit sha1_base64="W8VuLDYI4ZKhtW/yOzXaACNUxKs=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScGNIpFRwVXAjuKnaG7SxzExPw9BJJmQmQgh9AnGrz+bbGNMurP3hwM93LvyHxVJo47rfpLK1vbO7V923Dg6Pjk9qp2d9rdKEY48rqZIhoxqliLBnhJE4jBOkIZM4YPP73/7gDRMtVNQ1WYx+SINIzASnpkAv+Ho9qdVdxy1lbxpvZertKpTqTGrv46niaYiR4ZJqPfLc2Pg5TYzgEhfWONUYUz6nAY4KG9EQtZ+XURd2oyBTe6aSoiJjl/TvRi5Tk63dyGmodRaydciYktOFZRXpvf9ZN03/xvFaTuupWW/fLd+AKlzAJVyBB7fQhgfoQA84BPABn/BFGuSRPJPucrRCVjvnsCbi/wDIJ3Fm</latexit>

e→

<latexit sha1_base64="gp9r/Y2OGEWGqEo/KoStQKwe8wY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiCkJJilRwVXDjRqjQpIW2lpnpaRk6kwmZiVBCn8CFW30038aYdmHtDwd+vnPhPyyRwljf/yaVre2d3T1n3z04PDo+qZ6eRUZnKceQa6nTHqMGpYgxtMJK7CUpUsUkdtns8bfffcPUCB137DzBoaLTWEwEp7ZA4UBlr7ejas2v+6W8TROsTK3lQKn2qPo+GGueKYwtl9SYfuAndpjT1AouceEOMoMJ5TM6xX5hY6rQDPMy7MK7KsjYm+i0qNh6Jf27kcvMztdu5FQZM1dsHTKm5XjhukX64H/WTRM16kGz3ny5q7Uelm+AAxdwCTcQwD204AnaEAIHAR/wCV/kmjyTDomWoxWy2jmHNZHRDx6bclE=</latexit>

µ+

<latexit sha1_base64="yGK4mE4lZJEkezvoPk1Gxdw3oCY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiurEkRSq4KrhxI1Ro0kJby8z0tAydyYTMRCihT+DCrT6ab2NMu7D2hwM/37nwH5ZIYazvf5PK1vbO7p6z7x4cHh2fVE/PIqOzlGPItdRpj1GDUsQYWmEl9pIUqWISu2z2+NvvvmFqhI47dp7gUNFpLCaCU1ugcKCy19tRtebX/VLepglWptZyoFR7VH0fjDXPFMaWS2pMP/ATO8xpagWXuHAHmcGE8hmdYr+wMVVohnkZduFdFWTsTXRaVGy9kv7dyGVm52s3cqqMmSu2DhnTcrxw3SJ98D/rpoka9aBZb77c1VoPyzfAgQu4hBsI4B5a8ARtCIGDgA/4hC9yTZ5Jh0TL0QpZ7ZzDmsjoByEVclM=</latexit>

µ→
<latexit sha1_base64="sBbJQ/08qapdu8kIUn/MvVno4v4=">AAABeXicZY7LSsNAFIbP1FuMt6hLN2o2RSEkKu024sZlC6YttKFMxmMcOrkwMxFK6BN0qw/ns7gxpt3E/quP/5wfvigXXGnX/Satre2d3T1j3zw4PDo+sU7PBiorJMOAZSKTo4gqFDzFQHMtcJRLpEkkcBjNnv7uww+Uimfpi57nGCY0TvkbZ1RXVf92atmu49a53ARvDbZvQJ3e1GKT14wVCaaaCarU2HNzHZZUas4ELsxJoTCnbEZjLFkSSR6/60Y7rjClCaqwrPWbE1Ho+cKsrLz/DpswuHO8jtPpP9j+40oPDLiAa2iDB13w4Rl6EAADhCV8whf8kCvSJjer1xZZb86hEXL/C1i4YgA=</latexit>

+ <latexit sha1_base64="V410As7c88SX8pNAWYlAMjgxUII=">AAABgnicZY/NSsNAFIXv1Kox/kVduilmIwohsVI3LiJuXFYwbbEJZTK9xqGTHzIToYS8hVt9L9/GmHYTe1Yf594D54SZ4FLZ9g/pbHW3d3a1PX3/4PDo2Dg5Hcm0yBl6LBVpPgmpRMET9BRXAidZjjQOBY7DxePfffyBueRp8qKWGQYxjRL+xhlVtfVaVtc9n81TJWeGaVt2o94mOGswXQ0aDWcG8+cpK2JMFBNUyqljZyooaa44E1jpfiExo2xBIyxZHOY8elctd1pjQmOUQdnsaEdEoZaVXrdy/nfYhNGN5QyswfOt6T6s6oEG53ABl+DAHbjwBEPwgEECn/AF36RLrohD+qvXDllnzqAlcv8LZnNk7A==</latexit>

+ · · ·

<latexit sha1_base64="ZQ7Mcgbc47s5q4C+jHwt19Rj7QM=">AAABfXicZY9LS8NAFIXv1FeMj0ZduhGD4EJC0kULriIquGzBtIU2lMl4jUMnD2YmQgn9DW71p/lrNKbdxJ7Vx7n3wDlRLrjSrvtNWlvbO7t7xr55cHh03LZOTocqKyTDgGUik+OIKhQ8xUBzLXCcS6RJJHAUze//7qN3lIpn6bNe5BgmNE75K2dUV1ZgDh4fbmeW7TpurYtN8NZg+wbU6s8sNn3JWJFgqpmgSk08N9dhSaXmTODSnBYKc8rmNMaSJZHk8ZtuuJMKU5qgCst6QjMiCr1YmlUr73+HTRh2HK/rdAcd279b1QMDzuESrsGDHvjwBH0IgAGHD/iEL/ghV+SGOKvXFllnzqAh0vsF8t9jGQ==</latexit>

QED:



Back to Basics

<latexit sha1_base64="LaowmseA/jLtwzOzAFIjZlbg2eo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FSEISQSKngquBGcFO1N2hjmZmehqGTTMhMhBD6BOJWn823MaZdWPvDgZ/vXPgPi6XQxnW/SWVre2d3r7pvHRweHZ/UTs/6WqUJxx5XUiVDRjVKEWHPCCNxGCdIQyZxwOb3v/3BGyZaqKhrshj9kAaRmAlOTYFe8PV6Uqu7jlvK3jTeytTbVSjVmdTex1PF0xAjwyXVeuS5sfFzmhjBJS6scaoxpnxOAxwVNqIhaj8voy7sRkGm9kwlRUXGLunfjVymJlu7kdNQ6yxk65AxJacLyyrSe/+zbpr+jeO1nNZTs96+W74BVbiAS7gCD26hDQ/QgR5wCOADPuGLNMgjeSbd5WiFrHbOYU3E/wHFrXFk</latexit>

e+

<latexit sha1_base64="W8VuLDYI4ZKhtW/yOzXaACNUxKs=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScGNIpFRwVXAjuKnaG7SxzExPw9BJJmQmQgh9AnGrz+bbGNMurP3hwM93LvyHxVJo47rfpLK1vbO7V923Dg6Pjk9qp2d9rdKEY48rqZIhoxqliLBnhJE4jBOkIZM4YPP73/7gDRMtVNQ1WYx+SINIzASnpkAv+Ho9qdVdxy1lbxpvZertKpTqTGrv46niaYiR4ZJqPfLc2Pg5TYzgEhfWONUYUz6nAY4KG9EQtZ+XURd2oyBTe6aSoiJjl/TvRi5Tk63dyGmodRaydciYktOFZRXpvf9ZN03/xvFaTuupWW/fLd+AKlzAJVyBB7fQhgfoQA84BPABn/BFGuSRPJPucrRCVjvnsCbi/wDIJ3Fm</latexit>

e→

<latexit sha1_base64="gp9r/Y2OGEWGqEo/KoStQKwe8wY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiCkJJilRwVXDjRqjQpIW2lpnpaRk6kwmZiVBCn8CFW30038aYdmHtDwd+vnPhPyyRwljf/yaVre2d3T1n3z04PDo+qZ6eRUZnKceQa6nTHqMGpYgxtMJK7CUpUsUkdtns8bfffcPUCB137DzBoaLTWEwEp7ZA4UBlr7ejas2v+6W8TROsTK3lQKn2qPo+GGueKYwtl9SYfuAndpjT1AouceEOMoMJ5TM6xX5hY6rQDPMy7MK7KsjYm+i0qNh6Jf27kcvMztdu5FQZM1dsHTKm5XjhukX64H/WTRM16kGz3ny5q7Uelm+AAxdwCTcQwD204AnaEAIHAR/wCV/kmjyTDomWoxWy2jmHNZHRDx6bclE=</latexit>

µ+

<latexit sha1_base64="yGK4mE4lZJEkezvoPk1Gxdw3oCY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiurEkRSq4KrhxI1Ro0kJby8z0tAydyYTMRCihT+DCrT6ab2NMu7D2hwM/37nwH5ZIYazvf5PK1vbO7p6z7x4cHh2fVE/PIqOzlGPItdRpj1GDUsQYWmEl9pIUqWISu2z2+NvvvmFqhI47dp7gUNFpLCaCU1ugcKCy19tRtebX/VLepglWptZyoFR7VH0fjDXPFMaWS2pMP/ATO8xpagWXuHAHmcGE8hmdYr+wMVVohnkZduFdFWTsTXRaVGy9kv7dyGVm52s3cqqMmSu2DhnTcrxw3SJ98D/rpoka9aBZb77c1VoPyzfAgQu4hBsI4B5a8ARtCIGDgA/4hC9yTZ5Jh0TL0QpZ7ZzDmsjoByEVclM=</latexit>

µ→
<latexit sha1_base64="sBbJQ/08qapdu8kIUn/MvVno4v4=">AAABeXicZY7LSsNAFIbP1FuMt6hLN2o2RSEkKu024sZlC6YttKFMxmMcOrkwMxFK6BN0qw/ns7gxpt3E/quP/5wfvigXXGnX/Satre2d3T1j3zw4PDo+sU7PBiorJMOAZSKTo4gqFDzFQHMtcJRLpEkkcBjNnv7uww+Uimfpi57nGCY0TvkbZ1RXVf92atmu49a53ARvDbZvQJ3e1GKT14wVCaaaCarU2HNzHZZUas4ELsxJoTCnbEZjLFkSSR6/60Y7rjClCaqwrPWbE1Ho+cKsrLz/DpswuHO8jtPpP9j+40oPDLiAa2iDB13w4Rl6EAADhCV8whf8kCvSJjer1xZZb86hEXL/C1i4YgA=</latexit>

+ <latexit sha1_base64="V410As7c88SX8pNAWYlAMjgxUII=">AAABgnicZY/NSsNAFIXv1Kox/kVduilmIwohsVI3LiJuXFYwbbEJZTK9xqGTHzIToYS8hVt9L9/GmHYTe1Yf594D54SZ4FLZ9g/pbHW3d3a1PX3/4PDo2Dg5Hcm0yBl6LBVpPgmpRMET9BRXAidZjjQOBY7DxePfffyBueRp8qKWGQYxjRL+xhlVtfVaVtc9n81TJWeGaVt2o94mOGswXQ0aDWcG8+cpK2JMFBNUyqljZyooaa44E1jpfiExo2xBIyxZHOY8elctd1pjQmOUQdnsaEdEoZaVXrdy/nfYhNGN5QyswfOt6T6s6oEG53ABl+DAHbjwBEPwgEECn/AF36RLrohD+qvXDllnzqAlcv8LZnNk7A==</latexit>

+ · · ·
<latexit sha1_base64="8EyDfvE6cMRZ2EqkwccwHTAHXrY=">AAABnnicdU/LSsNAFL1TX7G+oi7dBOvCVZkUie2uIogbsYJ9QFPKZHqtQyePzkyEEvIDfo1b/RP/xrTVRRaexeFwzj3ce4NECm0o/SaVjc2t7R1rt7q3f3B4ZB+f9HScKo5dHstYDQKmUYoIu0YYiYNEIQsDif1gdrvM+2+otIijZ7NIcBSyaSReBGemsMb2hZ9GE1SBYhwzfz5P2aTMBeVju0brtIDnOUvhNqlbiFar2Wi0HHcVUVprW7BCZ2xzfxLzNMTIcMm0Hro0MaOMKSO4xLzqpxoTxmdsihkPAyWmr6bkDgsZsRD1KFv9WK7I1CzyanHV32rnf9Fr1F2v7j1d1do36/PAgjM4h0tw4RracA8d6AKHd/iAT/giDrkjD+RxPVohv51TKIEMfgDIQXGA</latexit> ︸ ︷︷ ︸

<latexit sha1_base64="JSY5rb4G3u756Egfw9kLKaYnq24=">AAABi3icdY/NTsJAFIXv4F9F0aJLN41sXOEUTQXjookhcYmJ/CSUNNPxWifMtE1nqiGER3Grz+TbWBAXLDyrL/fck3tulEmhDaXfpLK1vbO7Z+1XDw5rR8d2/WSg0yLn2OepTPNRxDRKkWDfCCNxlOXIVCRxGE3vl/7wDXMt0uTJzDKcKBYn4kVwZspRaNcDLZQTyDR2upcqDGIW2g3apKU8z1mC26ZuCZ1Ou9XqOO7KorThW7BSL7R58JzyQmFiuGRaj12amcmc5UZwiYtqUGjMGJ+yGOdcRbmIX83GdFxiwhTqyXz10GZEFma2qJat/k47/8Og1XS9pvd43fDvfuuBBWdwDhfgwg348AA96AOHd/iAT/giNXJFbsl6t0LWmVPYEOn+AITOZ8Y=</latexit>

→ logE/mω

<latexit sha1_base64="ZQ7Mcgbc47s5q4C+jHwt19Rj7QM=">AAABfXicZY9LS8NAFIXv1FeMj0ZduhGD4EJC0kULriIquGzBtIU2lMl4jUMnD2YmQgn9DW71p/lrNKbdxJ7Vx7n3wDlRLrjSrvtNWlvbO7t7xr55cHh03LZOTocqKyTDgGUik+OIKhQ8xUBzLXCcS6RJJHAUze//7qN3lIpn6bNe5BgmNE75K2dUV1ZgDh4fbmeW7TpurYtN8NZg+wbU6s8sNn3JWJFgqpmgSk08N9dhSaXmTODSnBYKc8rmNMaSJZHk8ZtuuJMKU5qgCst6QjMiCr1YmlUr73+HTRh2HK/rdAcd279b1QMDzuESrsGDHvjwBH0IgAGHD/iEL/ghV+SGOKvXFllnzqAh0vsF8t9jGQ==</latexit>

QED:



Back to Basics

<latexit sha1_base64="LaowmseA/jLtwzOzAFIjZlbg2eo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FSEISQSKngquBGcFO1N2hjmZmehqGTTMhMhBD6BOJWn823MaZdWPvDgZ/vXPgPi6XQxnW/SWVre2d3r7pvHRweHZ/UTs/6WqUJxx5XUiVDRjVKEWHPCCNxGCdIQyZxwOb3v/3BGyZaqKhrshj9kAaRmAlOTYFe8PV6Uqu7jlvK3jTeytTbVSjVmdTex1PF0xAjwyXVeuS5sfFzmhjBJS6scaoxpnxOAxwVNqIhaj8voy7sRkGm9kwlRUXGLunfjVymJlu7kdNQ6yxk65AxJacLyyrSe/+zbpr+jeO1nNZTs96+W74BVbiAS7gCD26hDQ/QgR5wCOADPuGLNMgjeSbd5WiFrHbOYU3E/wHFrXFk</latexit>

e+

<latexit sha1_base64="W8VuLDYI4ZKhtW/yOzXaACNUxKs=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScGNIpFRwVXAjuKnaG7SxzExPw9BJJmQmQgh9AnGrz+bbGNMurP3hwM93LvyHxVJo47rfpLK1vbO7V923Dg6Pjk9qp2d9rdKEY48rqZIhoxqliLBnhJE4jBOkIZM4YPP73/7gDRMtVNQ1WYx+SINIzASnpkAv+Ho9qdVdxy1lbxpvZertKpTqTGrv46niaYiR4ZJqPfLc2Pg5TYzgEhfWONUYUz6nAY4KG9EQtZ+XURd2oyBTe6aSoiJjl/TvRi5Tk63dyGmodRaydciYktOFZRXpvf9ZN03/xvFaTuupWW/fLd+AKlzAJVyBB7fQhgfoQA84BPABn/BFGuSRPJPucrRCVjvnsCbi/wDIJ3Fm</latexit>

e→

<latexit sha1_base64="gp9r/Y2OGEWGqEo/KoStQKwe8wY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiCkJJilRwVXDjRqjQpIW2lpnpaRk6kwmZiVBCn8CFW30038aYdmHtDwd+vnPhPyyRwljf/yaVre2d3T1n3z04PDo+qZ6eRUZnKceQa6nTHqMGpYgxtMJK7CUpUsUkdtns8bfffcPUCB137DzBoaLTWEwEp7ZA4UBlr7ejas2v+6W8TROsTK3lQKn2qPo+GGueKYwtl9SYfuAndpjT1AouceEOMoMJ5TM6xX5hY6rQDPMy7MK7KsjYm+i0qNh6Jf27kcvMztdu5FQZM1dsHTKm5XjhukX64H/WTRM16kGz3ny5q7Uelm+AAxdwCTcQwD204AnaEAIHAR/wCV/kmjyTDomWoxWy2jmHNZHRDx6bclE=</latexit>

µ+

<latexit sha1_base64="yGK4mE4lZJEkezvoPk1Gxdw3oCY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiurEkRSq4KrhxI1Ro0kJby8z0tAydyYTMRCihT+DCrT6ab2NMu7D2hwM/37nwH5ZIYazvf5PK1vbO7p6z7x4cHh2fVE/PIqOzlGPItdRpj1GDUsQYWmEl9pIUqWISu2z2+NvvvmFqhI47dp7gUNFpLCaCU1ugcKCy19tRtebX/VLepglWptZyoFR7VH0fjDXPFMaWS2pMP/ATO8xpagWXuHAHmcGE8hmdYr+wMVVohnkZduFdFWTsTXRaVGy9kv7dyGVm52s3cqqMmSu2DhnTcrxw3SJ98D/rpoka9aBZb77c1VoPyzfAgQu4hBsI4B5a8ARtCIGDgA/4hC9yTZ5Jh0TL0QpZ7ZzDmsjoByEVclM=</latexit>

µ→
<latexit sha1_base64="sBbJQ/08qapdu8kIUn/MvVno4v4=">AAABeXicZY7LSsNAFIbP1FuMt6hLN2o2RSEkKu024sZlC6YttKFMxmMcOrkwMxFK6BN0qw/ns7gxpt3E/quP/5wfvigXXGnX/Satre2d3T1j3zw4PDo+sU7PBiorJMOAZSKTo4gqFDzFQHMtcJRLpEkkcBjNnv7uww+Uimfpi57nGCY0TvkbZ1RXVf92atmu49a53ARvDbZvQJ3e1GKT14wVCaaaCarU2HNzHZZUas4ELsxJoTCnbEZjLFkSSR6/60Y7rjClCaqwrPWbE1Ho+cKsrLz/DpswuHO8jtPpP9j+40oPDLiAa2iDB13w4Rl6EAADhCV8whf8kCvSJjer1xZZb86hEXL/C1i4YgA=</latexit>

+ <latexit sha1_base64="V410As7c88SX8pNAWYlAMjgxUII=">AAABgnicZY/NSsNAFIXv1Kox/kVduilmIwohsVI3LiJuXFYwbbEJZTK9xqGTHzIToYS8hVt9L9/GmHYTe1Yf594D54SZ4FLZ9g/pbHW3d3a1PX3/4PDo2Dg5Hcm0yBl6LBVpPgmpRMET9BRXAidZjjQOBY7DxePfffyBueRp8qKWGQYxjRL+xhlVtfVaVtc9n81TJWeGaVt2o94mOGswXQ0aDWcG8+cpK2JMFBNUyqljZyooaa44E1jpfiExo2xBIyxZHOY8elctd1pjQmOUQdnsaEdEoZaVXrdy/nfYhNGN5QyswfOt6T6s6oEG53ABl+DAHbjwBEPwgEECn/AF36RLrohD+qvXDllnzqAlcv8LZnNk7A==</latexit>

+ · · ·
<latexit sha1_base64="8EyDfvE6cMRZ2EqkwccwHTAHXrY=">AAABnnicdU/LSsNAFL1TX7G+oi7dBOvCVZkUie2uIogbsYJ9QFPKZHqtQyePzkyEEvIDfo1b/RP/xrTVRRaexeFwzj3ce4NECm0o/SaVjc2t7R1rt7q3f3B4ZB+f9HScKo5dHstYDQKmUYoIu0YYiYNEIQsDif1gdrvM+2+otIijZ7NIcBSyaSReBGemsMb2hZ9GE1SBYhwzfz5P2aTMBeVju0brtIDnOUvhNqlbiFar2Wi0HHcVUVprW7BCZ2xzfxLzNMTIcMm0Hro0MaOMKSO4xLzqpxoTxmdsihkPAyWmr6bkDgsZsRD1KFv9WK7I1CzyanHV32rnf9Fr1F2v7j1d1do36/PAgjM4h0tw4RracA8d6AKHd/iAT/giDrkjD+RxPVohv51TKIEMfgDIQXGA</latexit> ︸ ︷︷ ︸

<latexit sha1_base64="JSY5rb4G3u756Egfw9kLKaYnq24=">AAABi3icdY/NTsJAFIXv4F9F0aJLN41sXOEUTQXjookhcYmJ/CSUNNPxWifMtE1nqiGER3Grz+TbWBAXLDyrL/fck3tulEmhDaXfpLK1vbO7Z+1XDw5rR8d2/WSg0yLn2OepTPNRxDRKkWDfCCNxlOXIVCRxGE3vl/7wDXMt0uTJzDKcKBYn4kVwZspRaNcDLZQTyDR2upcqDGIW2g3apKU8z1mC26ZuCZ1Ou9XqOO7KorThW7BSL7R58JzyQmFiuGRaj12amcmc5UZwiYtqUGjMGJ+yGOdcRbmIX83GdFxiwhTqyXz10GZEFma2qJat/k47/8Og1XS9pvd43fDvfuuBBWdwDhfgwg348AA96AOHd/iAT/giNXJFbsl6t0LWmVPYEOn+AITOZ8Y=</latexit>

→ logE/mω

<latexit sha1_base64="ZQ7Mcgbc47s5q4C+jHwt19Rj7QM=">AAABfXicZY9LS8NAFIXv1FeMj0ZduhGD4EJC0kULriIquGzBtIU2lMl4jUMnD2YmQgn9DW71p/lrNKbdxJ7Vx7n3wDlRLrjSrvtNWlvbO7t7xr55cHh03LZOTocqKyTDgGUik+OIKhQ8xUBzLXCcS6RJJHAUze//7qN3lIpn6bNe5BgmNE75K2dUV1ZgDh4fbmeW7TpurYtN8NZg+wbU6s8sNn3JWJFgqpmgSk08N9dhSaXmTODSnBYKc8rmNMaSJZHk8ZtuuJMKU5qgCst6QjMiCr1YmlUr73+HTRh2HK/rdAcd279b1QMDzuESrsGDHvjwBH0IgAGHD/iEL/ghV+SGOKvXFllnzqAh0vsF8t9jGQ==</latexit>

QED:

<latexit sha1_base64="mbEA4j+1fL9diUmoQP3QsfwSWVI=">AAAB/XicZZDLSsNAFIZPvNZ4q7p0EyxCC6UkInWjUBDBZYXeoFPDZDJNh04mITMRQig+gM/hTty69jF8Arf6BqZpF6394cDPdy78M07ImVSm+aWtrW9sbm0XdvTdvf2Dw+LRcUcGcURomwQ8iHoOlpQzQduKKU57YUSx73Dadca30373iUaSBaKlkpAOfOwJNmQEqwzZxT6SsW+nwkDVG1Q1J4+IiaFKdOQnTCjDRc0RKyMP21bFQMQNlFxgooI8D4c6ao3Kd3ZGjGsDuTSbzLFdLJk1M5exaqy5KTUKkKtpF1+QG5DYp0IRjqXsW2aoBimOFCOcTnQUSxpiMsYe7WdWYJ/KQZp/wsQ4z4hrDIMoqyx5Thc3Uh6rZOlGin0pE99Zho4TcHeiT9Nb/7Oums5FzarX6g+XpUZj9gwowCmcQRksuIIG3EMT2kDgE77hB361Z+1Ve9PeZ6Nr2nznBJakffwBA7OSiQ==</latexit> →∑

n=0

∫
d!(ω1) · · · d!(ωn)”(Eω < ε)

<latexit sha1_base64="U/bMLMSZovkKzdaMDoyBhi8417w=">AAAB5nicZY/NSsNAFIVv6l+Nf1GXbgaLUJGWRKRuXAR04bKCrYWmDZPJtA6dZEJmIoSQJxDciVvXPo3b+jSmaRfWHpjhu2fuHc71Is6kMs2pVllb39jcqm7rO7t7+wfG4VFXiiQmtEMEF3HPw5JyFtKOYorTXhRTHHicPnmT29n70wuNJRPho0ojOgjwOGQjRrAqLNe4y3JHsYBK5EhWp8MLRIcN5CiBnCApqtndQHoBY+xayCG+ULIswnP9BjksHKnUNWpm0yyFVsFaQM2uQqm2a7w6viBJQENFOJayb5mRGmQ4VoxwmutOImmEyQSPab/AEBcBB1m5bY7OCsdHIxEXJ1SodP9OZDxR6dIfGQ6kTANv2fQ8wf1c14v01v+sq9C9bFqtZuvhqmbb8zWgCidwCnWw4BpsuIc2dIDAF3zDFH60Z+1Ne9c+5q0VbTFzDEvSPn8Br9uJQg==</latexit>

→ ω(e+e→ ↑ µ+µ→ + ε1 · · · εn) < ↓

<latexit sha1_base64="YiY2ArH12u0cb+mVLLNQOzqDzSk=">AAAB5nicZZBLT8JAFIVn8IX1VXXpZpQNJoa0mEB0ha/ElYFEHgklZDq90AnTmaYz1RDCX3Bn3Pqb3PlPXFqQDXJWJ/eek/vl+rHg2jjON86trW9sbuW3rZ3dvf0D+/CopVWaMGgyJVTS8akGwSU0DTcCOnECNPIFtP3R3WzffoFEcyWfzTiGXkSHkg84oyYb9W3hScVlANJYt0Kx8II8qSTQHEak6F5dVk/Pr0nj4Z7QKKMxaQCa0ATIgEtugPABeQWi04hYnmcRlV0iWg0MiUNllNSEy1mUCqINNdC3C07JmYusGndhCrU8mqvet5kXKJZGGR4TVOuu68SmN6GJ4UzA1PJSDTFlIzqECYv8hA9DszTtZlbSCHRvMv/VckWkZjy1Mir3P8OqaZVLbqVUaZQLtZs/PJRHJ+gMFZGLqqiGHlEdNRFDX+gHY5zDIX7D7/jjL5rDi84xWhL+/AXKZIfn</latexit>

Bloch, Nordsiek (1937!): QED amplitudes are finite if we sum

over soft photons in final state



Back to Basics

<latexit sha1_base64="LaowmseA/jLtwzOzAFIjZlbg2eo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FSEISQSKngquBGcFO1N2hjmZmehqGTTMhMhBD6BOJWn823MaZdWPvDgZ/vXPgPi6XQxnW/SWVre2d3r7pvHRweHZ/UTs/6WqUJxx5XUiVDRjVKEWHPCCNxGCdIQyZxwOb3v/3BGyZaqKhrshj9kAaRmAlOTYFe8PV6Uqu7jlvK3jTeytTbVSjVmdTex1PF0xAjwyXVeuS5sfFzmhjBJS6scaoxpnxOAxwVNqIhaj8voy7sRkGm9kwlRUXGLunfjVymJlu7kdNQ6yxk65AxJacLyyrSe/+zbpr+jeO1nNZTs96+W74BVbiAS7gCD26hDQ/QgR5wCOADPuGLNMgjeSbd5WiFrHbOYU3E/wHFrXFk</latexit>

e+

<latexit sha1_base64="W8VuLDYI4ZKhtW/yOzXaACNUxKs=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScGNIpFRwVXAjuKnaG7SxzExPw9BJJmQmQgh9AnGrz+bbGNMurP3hwM93LvyHxVJo47rfpLK1vbO7V923Dg6Pjk9qp2d9rdKEY48rqZIhoxqliLBnhJE4jBOkIZM4YPP73/7gDRMtVNQ1WYx+SINIzASnpkAv+Ho9qdVdxy1lbxpvZertKpTqTGrv46niaYiR4ZJqPfLc2Pg5TYzgEhfWONUYUz6nAY4KG9EQtZ+XURd2oyBTe6aSoiJjl/TvRi5Tk63dyGmodRaydciYktOFZRXpvf9ZN03/xvFaTuupWW/fLd+AKlzAJVyBB7fQhgfoQA84BPABn/BFGuSRPJPucrRCVjvnsCbi/wDIJ3Fm</latexit>

e→

<latexit sha1_base64="gp9r/Y2OGEWGqEo/KoStQKwe8wY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiCkJJilRwVXDjRqjQpIW2lpnpaRk6kwmZiVBCn8CFW30038aYdmHtDwd+vnPhPyyRwljf/yaVre2d3T1n3z04PDo+qZ6eRUZnKceQa6nTHqMGpYgxtMJK7CUpUsUkdtns8bfffcPUCB137DzBoaLTWEwEp7ZA4UBlr7ejas2v+6W8TROsTK3lQKn2qPo+GGueKYwtl9SYfuAndpjT1AouceEOMoMJ5TM6xX5hY6rQDPMy7MK7KsjYm+i0qNh6Jf27kcvMztdu5FQZM1dsHTKm5XjhukX64H/WTRM16kGz3ny5q7Uelm+AAxdwCTcQwD204AnaEAIHAR/wCV/kmjyTDomWoxWy2jmHNZHRDx6bclE=</latexit>

µ+

<latexit sha1_base64="yGK4mE4lZJEkezvoPk1Gxdw3oCY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiurEkRSq4KrhxI1Ro0kJby8z0tAydyYTMRCihT+DCrT6ab2NMu7D2hwM/37nwH5ZIYazvf5PK1vbO7p6z7x4cHh2fVE/PIqOzlGPItdRpj1GDUsQYWmEl9pIUqWISu2z2+NvvvmFqhI47dp7gUNFpLCaCU1ugcKCy19tRtebX/VLepglWptZyoFR7VH0fjDXPFMaWS2pMP/ATO8xpagWXuHAHmcGE8hmdYr+wMVVohnkZduFdFWTsTXRaVGy9kv7dyGVm52s3cqqMmSu2DhnTcrxw3SJ98D/rpoka9aBZb77c1VoPyzfAgQu4hBsI4B5a8ARtCIGDgA/4hC9yTZ5Jh0TL0QpZ7ZzDmsjoByEVclM=</latexit>

µ→
<latexit sha1_base64="sBbJQ/08qapdu8kIUn/MvVno4v4=">AAABeXicZY7LSsNAFIbP1FuMt6hLN2o2RSEkKu024sZlC6YttKFMxmMcOrkwMxFK6BN0qw/ns7gxpt3E/quP/5wfvigXXGnX/Satre2d3T1j3zw4PDo+sU7PBiorJMOAZSKTo4gqFDzFQHMtcJRLpEkkcBjNnv7uww+Uimfpi57nGCY0TvkbZ1RXVf92atmu49a53ARvDbZvQJ3e1GKT14wVCaaaCarU2HNzHZZUas4ELsxJoTCnbEZjLFkSSR6/60Y7rjClCaqwrPWbE1Ho+cKsrLz/DpswuHO8jtPpP9j+40oPDLiAa2iDB13w4Rl6EAADhCV8whf8kCvSJjer1xZZb86hEXL/C1i4YgA=</latexit>

+ <latexit sha1_base64="V410As7c88SX8pNAWYlAMjgxUII=">AAABgnicZY/NSsNAFIXv1Kox/kVduilmIwohsVI3LiJuXFYwbbEJZTK9xqGTHzIToYS8hVt9L9/GmHYTe1Yf594D54SZ4FLZ9g/pbHW3d3a1PX3/4PDo2Dg5Hcm0yBl6LBVpPgmpRMET9BRXAidZjjQOBY7DxePfffyBueRp8qKWGQYxjRL+xhlVtfVaVtc9n81TJWeGaVt2o94mOGswXQ0aDWcG8+cpK2JMFBNUyqljZyooaa44E1jpfiExo2xBIyxZHOY8elctd1pjQmOUQdnsaEdEoZaVXrdy/nfYhNGN5QyswfOt6T6s6oEG53ABl+DAHbjwBEPwgEECn/AF36RLrohD+qvXDllnzqAlcv8LZnNk7A==</latexit>

+ · · ·
<latexit sha1_base64="8EyDfvE6cMRZ2EqkwccwHTAHXrY=">AAABnnicdU/LSsNAFL1TX7G+oi7dBOvCVZkUie2uIogbsYJ9QFPKZHqtQyePzkyEEvIDfo1b/RP/xrTVRRaexeFwzj3ce4NECm0o/SaVjc2t7R1rt7q3f3B4ZB+f9HScKo5dHstYDQKmUYoIu0YYiYNEIQsDif1gdrvM+2+otIijZ7NIcBSyaSReBGemsMb2hZ9GE1SBYhwzfz5P2aTMBeVju0brtIDnOUvhNqlbiFar2Wi0HHcVUVprW7BCZ2xzfxLzNMTIcMm0Hro0MaOMKSO4xLzqpxoTxmdsihkPAyWmr6bkDgsZsRD1KFv9WK7I1CzyanHV32rnf9Fr1F2v7j1d1do36/PAgjM4h0tw4RracA8d6AKHd/iAT/giDrkjD+RxPVohv51TKIEMfgDIQXGA</latexit> ︸ ︷︷ ︸

<latexit sha1_base64="JSY5rb4G3u756Egfw9kLKaYnq24=">AAABi3icdY/NTsJAFIXv4F9F0aJLN41sXOEUTQXjookhcYmJ/CSUNNPxWifMtE1nqiGER3Grz+TbWBAXLDyrL/fck3tulEmhDaXfpLK1vbO7Z+1XDw5rR8d2/WSg0yLn2OepTPNRxDRKkWDfCCNxlOXIVCRxGE3vl/7wDXMt0uTJzDKcKBYn4kVwZspRaNcDLZQTyDR2upcqDGIW2g3apKU8z1mC26ZuCZ1Ou9XqOO7KorThW7BSL7R58JzyQmFiuGRaj12amcmc5UZwiYtqUGjMGJ+yGOdcRbmIX83GdFxiwhTqyXz10GZEFma2qJat/k47/8Og1XS9pvd43fDvfuuBBWdwDhfgwg348AA96AOHd/iAT/giNXJFbsl6t0LWmVPYEOn+AITOZ8Y=</latexit>

→ logE/mω

<latexit sha1_base64="ZQ7Mcgbc47s5q4C+jHwt19Rj7QM=">AAABfXicZY9LS8NAFIXv1FeMj0ZduhGD4EJC0kULriIquGzBtIU2lMl4jUMnD2YmQgn9DW71p/lrNKbdxJ7Vx7n3wDlRLrjSrvtNWlvbO7t7xr55cHh03LZOTocqKyTDgGUik+OIKhQ8xUBzLXCcS6RJJHAUze//7qN3lIpn6bNe5BgmNE75K2dUV1ZgDh4fbmeW7TpurYtN8NZg+wbU6s8sNn3JWJFgqpmgSk08N9dhSaXmTODSnBYKc8rmNMaSJZHk8ZtuuJMKU5qgCst6QjMiCr1YmlUr73+HTRh2HK/rdAcd279b1QMDzuESrsGDHvjwBH0IgAGHD/iEL/ghV+SGOKvXFllnzqAh0vsF8t9jGQ==</latexit>

QED:

<latexit sha1_base64="mbEA4j+1fL9diUmoQP3QsfwSWVI=">AAAB/XicZZDLSsNAFIZPvNZ4q7p0EyxCC6UkInWjUBDBZYXeoFPDZDJNh04mITMRQig+gM/hTty69jF8Arf6BqZpF6394cDPdy78M07ImVSm+aWtrW9sbm0XdvTdvf2Dw+LRcUcGcURomwQ8iHoOlpQzQduKKU57YUSx73Dadca30373iUaSBaKlkpAOfOwJNmQEqwzZxT6SsW+nwkDVG1Q1J4+IiaFKdOQnTCjDRc0RKyMP21bFQMQNlFxgooI8D4c6ao3Kd3ZGjGsDuTSbzLFdLJk1M5exaqy5KTUKkKtpF1+QG5DYp0IRjqXsW2aoBimOFCOcTnQUSxpiMsYe7WdWYJ/KQZp/wsQ4z4hrDIMoqyx5Thc3Uh6rZOlGin0pE99Zho4TcHeiT9Nb/7Oums5FzarX6g+XpUZj9gwowCmcQRksuIIG3EMT2kDgE77hB361Z+1Ve9PeZ6Nr2nznBJakffwBA7OSiQ==</latexit> →∑

n=0

∫
d!(ω1) · · · d!(ωn)”(Eω < ε)

<latexit sha1_base64="U/bMLMSZovkKzdaMDoyBhi8417w=">AAAB5nicZY/NSsNAFIVv6l+Nf1GXbgaLUJGWRKRuXAR04bKCrYWmDZPJtA6dZEJmIoSQJxDciVvXPo3b+jSmaRfWHpjhu2fuHc71Is6kMs2pVllb39jcqm7rO7t7+wfG4VFXiiQmtEMEF3HPw5JyFtKOYorTXhRTHHicPnmT29n70wuNJRPho0ojOgjwOGQjRrAqLNe4y3JHsYBK5EhWp8MLRIcN5CiBnCApqtndQHoBY+xayCG+ULIswnP9BjksHKnUNWpm0yyFVsFaQM2uQqm2a7w6viBJQENFOJayb5mRGmQ4VoxwmutOImmEyQSPab/AEBcBB1m5bY7OCsdHIxEXJ1SodP9OZDxR6dIfGQ6kTANv2fQ8wf1c14v01v+sq9C9bFqtZuvhqmbb8zWgCidwCnWw4BpsuIc2dIDAF3zDFH60Z+1Ne9c+5q0VbTFzDEvSPn8Br9uJQg==</latexit>

→ ω(e+e→ ↑ µ+µ→ + ε1 · · · εn) < ↓

<latexit sha1_base64="YiY2ArH12u0cb+mVLLNQOzqDzSk=">AAAB5nicZZBLT8JAFIVn8IX1VXXpZpQNJoa0mEB0ha/ElYFEHgklZDq90AnTmaYz1RDCX3Bn3Pqb3PlPXFqQDXJWJ/eek/vl+rHg2jjON86trW9sbuW3rZ3dvf0D+/CopVWaMGgyJVTS8akGwSU0DTcCOnECNPIFtP3R3WzffoFEcyWfzTiGXkSHkg84oyYb9W3hScVlANJYt0Kx8II8qSTQHEak6F5dVk/Pr0nj4Z7QKKMxaQCa0ATIgEtugPABeQWi04hYnmcRlV0iWg0MiUNllNSEy1mUCqINNdC3C07JmYusGndhCrU8mqvet5kXKJZGGR4TVOuu68SmN6GJ4UzA1PJSDTFlIzqECYv8hA9DszTtZlbSCHRvMv/VckWkZjy1Mir3P8OqaZVLbqVUaZQLtZs/PJRHJ+gMFZGLqqiGHlEdNRFDX+gHY5zDIX7D7/jjL5rDi84xWhL+/AXKZIfn</latexit>

Bloch, Nordsiek (1937!): QED amplitudes are finite if we sum

over soft photons in final state

<latexit sha1_base64="YAdfAcxp4CDrDUtA/+ipkduEjJo=">AAABz3icZZDLTsJAFIZP8Yb1VnXpppGNK9KywMQVxo1LSCyQUEKm00M7YTrTdKYSQjBufSafxKVbfQmHywb5V3/+c/tyopwzpT3vy6rs7R8cHlWP7ZPTs/ML5/Kqq2RZUAyo5LLoR0QhZwIDzTTHfl4gySKOvWjytKz3XrFQTIoXPctxmJFEsDGjRJto5AShkEzEKLTdTmfK5NxlMZIHV2miUblTplOXxDFb9puikmPt5qnUUiiXFGiHoW0WGFImkpKplJjTI6fm1b2V3F3jb0ytVYWV2iOHhrGkZWY4KCdKDXwv18M5KTSjHBd2WCrMCZ2QBOc0iwqWpHorHRgrSIZqOF89ZXuEl3q2sA2V/59h13Qbdb9Zb3YatdbjGg+qcAO3cAc+3EMLnqENAVD4hG/4gV+rY02tN+t93VqxNjPXsCXr4w9YmoRG</latexit>

Physical idea: states with additional soft photons are

indistinguishable



Back to Basics

<latexit sha1_base64="LaowmseA/jLtwzOzAFIjZlbg2eo=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FSEISQSKngquBGcFO1N2hjmZmehqGTTMhMhBD6BOJWn823MaZdWPvDgZ/vXPgPi6XQxnW/SWVre2d3r7pvHRweHZ/UTs/6WqUJxx5XUiVDRjVKEWHPCCNxGCdIQyZxwOb3v/3BGyZaqKhrshj9kAaRmAlOTYFe8PV6Uqu7jlvK3jTeytTbVSjVmdTex1PF0xAjwyXVeuS5sfFzmhjBJS6scaoxpnxOAxwVNqIhaj8voy7sRkGm9kwlRUXGLunfjVymJlu7kdNQ6yxk65AxJacLyyrSe/+zbpr+jeO1nNZTs96+W74BVbiAS7gCD26hDQ/QgR5wCOADPuGLNMgjeSbd5WiFrHbOYU3E/wHFrXFk</latexit>

e+

<latexit sha1_base64="W8VuLDYI4ZKhtW/yOzXaACNUxKs=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScGNIpFRwVXAjuKnaG7SxzExPw9BJJmQmQgh9AnGrz+bbGNMurP3hwM93LvyHxVJo47rfpLK1vbO7V923Dg6Pjk9qp2d9rdKEY48rqZIhoxqliLBnhJE4jBOkIZM4YPP73/7gDRMtVNQ1WYx+SINIzASnpkAv+Ho9qdVdxy1lbxpvZertKpTqTGrv46niaYiR4ZJqPfLc2Pg5TYzgEhfWONUYUz6nAY4KG9EQtZ+XURd2oyBTe6aSoiJjl/TvRi5Tk63dyGmodRaydciYktOFZRXpvf9ZN03/xvFaTuupWW/fLd+AKlzAJVyBB7fQhgfoQA84BPABn/BFGuSRPJPucrRCVjvnsCbi/wDIJ3Fm</latexit>

e→

<latexit sha1_base64="gp9r/Y2OGEWGqEo/KoStQKwe8wY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiCkJJilRwVXDjRqjQpIW2lpnpaRk6kwmZiVBCn8CFW30038aYdmHtDwd+vnPhPyyRwljf/yaVre2d3T1n3z04PDo+qZ6eRUZnKceQa6nTHqMGpYgxtMJK7CUpUsUkdtns8bfffcPUCB137DzBoaLTWEwEp7ZA4UBlr7ejas2v+6W8TROsTK3lQKn2qPo+GGueKYwtl9SYfuAndpjT1AouceEOMoMJ5TM6xX5hY6rQDPMy7MK7KsjYm+i0qNh6Jf27kcvMztdu5FQZM1dsHTKm5XjhukX64H/WTRM16kGz3ny5q7Uelm+AAxdwCTcQwD204AnaEAIHAR/wCV/kmjyTDomWoxWy2jmHNZHRDx6bclE=</latexit>

µ+

<latexit sha1_base64="yGK4mE4lZJEkezvoPk1Gxdw3oCY=">AAABpXicZY/LSsNAFIbP1FuMt6pLN8EiurEkRSq4KrhxI1Ro0kJby8z0tAydyYTMRCihT+DCrT6ab2NMu7D2hwM/37nwH5ZIYazvf5PK1vbO7p6z7x4cHh2fVE/PIqOzlGPItdRpj1GDUsQYWmEl9pIUqWISu2z2+NvvvmFqhI47dp7gUNFpLCaCU1ugcKCy19tRtebX/VLepglWptZyoFR7VH0fjDXPFMaWS2pMP/ATO8xpagWXuHAHmcGE8hmdYr+wMVVohnkZduFdFWTsTXRaVGy9kv7dyGVm52s3cqqMmSu2DhnTcrxw3SJ98D/rpoka9aBZb77c1VoPyzfAgQu4hBsI4B5a8ARtCIGDgA/4hC9yTZ5Jh0TL0QpZ7ZzDmsjoByEVclM=</latexit>

µ→
<latexit sha1_base64="sBbJQ/08qapdu8kIUn/MvVno4v4=">AAABeXicZY7LSsNAFIbP1FuMt6hLN2o2RSEkKu024sZlC6YttKFMxmMcOrkwMxFK6BN0qw/ns7gxpt3E/quP/5wfvigXXGnX/Satre2d3T1j3zw4PDo+sU7PBiorJMOAZSKTo4gqFDzFQHMtcJRLpEkkcBjNnv7uww+Uimfpi57nGCY0TvkbZ1RXVf92atmu49a53ARvDbZvQJ3e1GKT14wVCaaaCarU2HNzHZZUas4ELsxJoTCnbEZjLFkSSR6/60Y7rjClCaqwrPWbE1Ho+cKsrLz/DpswuHO8jtPpP9j+40oPDLiAa2iDB13w4Rl6EAADhCV8whf8kCvSJjer1xZZb86hEXL/C1i4YgA=</latexit>

+ <latexit sha1_base64="V410As7c88SX8pNAWYlAMjgxUII=">AAABgnicZY/NSsNAFIXv1Kox/kVduilmIwohsVI3LiJuXFYwbbEJZTK9xqGTHzIToYS8hVt9L9/GmHYTe1Yf594D54SZ4FLZ9g/pbHW3d3a1PX3/4PDo2Dg5Hcm0yBl6LBVpPgmpRMET9BRXAidZjjQOBY7DxePfffyBueRp8qKWGQYxjRL+xhlVtfVaVtc9n81TJWeGaVt2o94mOGswXQ0aDWcG8+cpK2JMFBNUyqljZyooaa44E1jpfiExo2xBIyxZHOY8elctd1pjQmOUQdnsaEdEoZaVXrdy/nfYhNGN5QyswfOt6T6s6oEG53ABl+DAHbjwBEPwgEECn/AF36RLrohD+qvXDllnzqAlcv8LZnNk7A==</latexit>

+ · · ·
<latexit sha1_base64="8EyDfvE6cMRZ2EqkwccwHTAHXrY=">AAABnnicdU/LSsNAFL1TX7G+oi7dBOvCVZkUie2uIogbsYJ9QFPKZHqtQyePzkyEEvIDfo1b/RP/xrTVRRaexeFwzj3ce4NECm0o/SaVjc2t7R1rt7q3f3B4ZB+f9HScKo5dHstYDQKmUYoIu0YYiYNEIQsDif1gdrvM+2+otIijZ7NIcBSyaSReBGemsMb2hZ9GE1SBYhwzfz5P2aTMBeVju0brtIDnOUvhNqlbiFar2Wi0HHcVUVprW7BCZ2xzfxLzNMTIcMm0Hro0MaOMKSO4xLzqpxoTxmdsihkPAyWmr6bkDgsZsRD1KFv9WK7I1CzyanHV32rnf9Fr1F2v7j1d1do36/PAgjM4h0tw4RracA8d6AKHd/iAT/giDrkjD+RxPVohv51TKIEMfgDIQXGA</latexit> ︸ ︷︷ ︸

<latexit sha1_base64="JSY5rb4G3u756Egfw9kLKaYnq24=">AAABi3icdY/NTsJAFIXv4F9F0aJLN41sXOEUTQXjookhcYmJ/CSUNNPxWifMtE1nqiGER3Grz+TbWBAXLDyrL/fck3tulEmhDaXfpLK1vbO7Z+1XDw5rR8d2/WSg0yLn2OepTPNRxDRKkWDfCCNxlOXIVCRxGE3vl/7wDXMt0uTJzDKcKBYn4kVwZspRaNcDLZQTyDR2upcqDGIW2g3apKU8z1mC26ZuCZ1Ou9XqOO7KorThW7BSL7R58JzyQmFiuGRaj12amcmc5UZwiYtqUGjMGJ+yGOdcRbmIX83GdFxiwhTqyXz10GZEFma2qJat/k47/8Og1XS9pvd43fDvfuuBBWdwDhfgwg348AA96AOHd/iAT/giNXJFbsl6t0LWmVPYEOn+AITOZ8Y=</latexit>

→ logE/mω

<latexit sha1_base64="ZQ7Mcgbc47s5q4C+jHwt19Rj7QM=">AAABfXicZY9LS8NAFIXv1FeMj0ZduhGD4EJC0kULriIquGzBtIU2lMl4jUMnD2YmQgn9DW71p/lrNKbdxJ7Vx7n3wDlRLrjSrvtNWlvbO7t7xr55cHh03LZOTocqKyTDgGUik+OIKhQ8xUBzLXCcS6RJJHAUze//7qN3lIpn6bNe5BgmNE75K2dUV1ZgDh4fbmeW7TpurYtN8NZg+wbU6s8sNn3JWJFgqpmgSk08N9dhSaXmTODSnBYKc8rmNMaSJZHk8ZtuuJMKU5qgCst6QjMiCr1YmlUr73+HTRh2HK/rdAcd279b1QMDzuESrsGDHvjwBH0IgAGHD/iEL/ghV+SGOKvXFllnzqAh0vsF8t9jGQ==</latexit>

QED:

<latexit sha1_base64="mbEA4j+1fL9diUmoQP3QsfwSWVI=">AAAB/XicZZDLSsNAFIZPvNZ4q7p0EyxCC6UkInWjUBDBZYXeoFPDZDJNh04mITMRQig+gM/hTty69jF8Arf6BqZpF6394cDPdy78M07ImVSm+aWtrW9sbm0XdvTdvf2Dw+LRcUcGcURomwQ8iHoOlpQzQduKKU57YUSx73Dadca30373iUaSBaKlkpAOfOwJNmQEqwzZxT6SsW+nwkDVG1Q1J4+IiaFKdOQnTCjDRc0RKyMP21bFQMQNlFxgooI8D4c6ao3Kd3ZGjGsDuTSbzLFdLJk1M5exaqy5KTUKkKtpF1+QG5DYp0IRjqXsW2aoBimOFCOcTnQUSxpiMsYe7WdWYJ/KQZp/wsQ4z4hrDIMoqyx5Thc3Uh6rZOlGin0pE99Zho4TcHeiT9Nb/7Oums5FzarX6g+XpUZj9gwowCmcQRksuIIG3EMT2kDgE77hB361Z+1Ve9PeZ6Nr2nznBJakffwBA7OSiQ==</latexit> →∑

n=0

∫
d!(ω1) · · · d!(ωn)”(Eω < ε)

<latexit sha1_base64="U/bMLMSZovkKzdaMDoyBhi8417w=">AAAB5nicZY/NSsNAFIVv6l+Nf1GXbgaLUJGWRKRuXAR04bKCrYWmDZPJtA6dZEJmIoSQJxDciVvXPo3b+jSmaRfWHpjhu2fuHc71Is6kMs2pVllb39jcqm7rO7t7+wfG4VFXiiQmtEMEF3HPw5JyFtKOYorTXhRTHHicPnmT29n70wuNJRPho0ojOgjwOGQjRrAqLNe4y3JHsYBK5EhWp8MLRIcN5CiBnCApqtndQHoBY+xayCG+ULIswnP9BjksHKnUNWpm0yyFVsFaQM2uQqm2a7w6viBJQENFOJayb5mRGmQ4VoxwmutOImmEyQSPab/AEBcBB1m5bY7OCsdHIxEXJ1SodP9OZDxR6dIfGQ6kTANv2fQ8wf1c14v01v+sq9C9bFqtZuvhqmbb8zWgCidwCnWw4BpsuIc2dIDAF3zDFH60Z+1Ne9c+5q0VbTFzDEvSPn8Br9uJQg==</latexit>

→ ω(e+e→ ↑ µ+µ→ + ε1 · · · εn) < ↓

<latexit sha1_base64="YiY2ArH12u0cb+mVLLNQOzqDzSk=">AAAB5nicZZBLT8JAFIVn8IX1VXXpZpQNJoa0mEB0ha/ElYFEHgklZDq90AnTmaYz1RDCX3Bn3Pqb3PlPXFqQDXJWJ/eek/vl+rHg2jjON86trW9sbuW3rZ3dvf0D+/CopVWaMGgyJVTS8akGwSU0DTcCOnECNPIFtP3R3WzffoFEcyWfzTiGXkSHkg84oyYb9W3hScVlANJYt0Kx8II8qSTQHEak6F5dVk/Pr0nj4Z7QKKMxaQCa0ATIgEtugPABeQWi04hYnmcRlV0iWg0MiUNllNSEy1mUCqINNdC3C07JmYusGndhCrU8mqvet5kXKJZGGR4TVOuu68SmN6GJ4UzA1PJSDTFlIzqECYv8hA9DszTtZlbSCHRvMv/VckWkZjy1Mir3P8OqaZVLbqVUaZQLtZs/PJRHJ+gMFZGLqqiGHlEdNRFDX+gHY5zDIX7D7/jjL5rDi84xWhL+/AXKZIfn</latexit>

Bloch, Nordsiek (1937!): QED amplitudes are finite if we sum

over soft photons in final state

<latexit sha1_base64="YAdfAcxp4CDrDUtA/+ipkduEjJo=">AAABz3icZZDLTsJAFIZP8Yb1VnXpppGNK9KywMQVxo1LSCyQUEKm00M7YTrTdKYSQjBufSafxKVbfQmHywb5V3/+c/tyopwzpT3vy6rs7R8cHlWP7ZPTs/ML5/Kqq2RZUAyo5LLoR0QhZwIDzTTHfl4gySKOvWjytKz3XrFQTIoXPctxmJFEsDGjRJto5AShkEzEKLTdTmfK5NxlMZIHV2miUblTplOXxDFb9puikmPt5qnUUiiXFGiHoW0WGFImkpKplJjTI6fm1b2V3F3jb0ytVYWV2iOHhrGkZWY4KCdKDXwv18M5KTSjHBd2WCrMCZ2QBOc0iwqWpHorHRgrSIZqOF89ZXuEl3q2sA2V/59h13Qbdb9Zb3YatdbjGg+qcAO3cAc+3EMLnqENAVD4hG/4gV+rY02tN+t93VqxNjPXsCXr4w9YmoRG</latexit>

Physical idea: states with additional soft photons are

indistinguishable
<latexit sha1_base64="x9gM7C+OYgB+79V2ncwhK8YOS2M=">AAABpXicZY/NTsJAFIXv4F+tf1WXbhpZaGJCWha4FHXjxgQT/hIgzXS4woTpTNO51RDCQ/g0bvUxfBsrsEHO6su599ycG6dKWgqCH1ba2t7Z3XP23YPDo+MT7/SsbU2eCWwJo0zWjblFJTW2SJLCbpohT2KFnXjy+DfvvGFmpdFNmqY4SPhIy1cpOBVW5N30tZF6iJrch5z89zEnn8emQBqjL7UkyZVviRPeRV45qAQL+ZsQrqBcd2ChRuSJ/tCIPCmuC8Wt7YVBSoMZz0gKhXO3n1tMuZjwEc5EEmdyNKY1t1eg5gnawWzx6npE5TSdu0Wr8H+HTWhXK2GtUnupluv3y3rgwAVcwjWEcAt1eIIGtEDAB3zCF3yzK/bMmqy9XC2xVeYc1sSiX/sKcpM=</latexit>

But what about the initial state?



KLN Theorem
<latexit sha1_base64="rWwrEXfilbeQmVUUMW1i2/ZUrl8=">AAAB6nicZVBNT8JAFNxFQaxfVY9eNnLxRFoOeMWYGI+Q8JVQQrbLo2zYbpvdrYQ0/Alvxqu/ycT/4sEtcEHmNJn35s3khang2njeDy4dHZcrJ9VT5+z84vLKvb7p6yRTDHosEYkahlSD4BJ6hhsBw1QBjUMBg3DxXMwHb6A0T2TXrFIYxzSSfMYZNVaauGkgEy6nII3TeekSGttQk01BE6qAzLjkBgifkSUQncUksbdIIXIqSJBZoyqS80Sti2UrakMNaCcInCU3cy4JlQQkqGhFFJURTNyaV/c2IIfE35Faq4o2aE9cFkwTlsW2IhNU65HvpWacU2U4E7B2gkxDStmCRpCzOFQ8mps9dWSppDHocb75175FZGa1dmwr/3+HQ9Jv1P1mvdlp1FpP23qoiu7QPXpAPnpELfSK2qiHGPpGv7iMK1jgd/yBP7erJbzz3KI94K8/4fmMwA==</latexit>

QFT amplitudes are finite if we sum over initial or final states

within an energy range



KLN Theorem
<latexit sha1_base64="rWwrEXfilbeQmVUUMW1i2/ZUrl8=">AAAB6nicZVBNT8JAFNxFQaxfVY9eNnLxRFoOeMWYGI+Q8JVQQrbLo2zYbpvdrYQ0/Alvxqu/ycT/4sEtcEHmNJn35s3khang2njeDy4dHZcrJ9VT5+z84vLKvb7p6yRTDHosEYkahlSD4BJ6hhsBw1QBjUMBg3DxXMwHb6A0T2TXrFIYxzSSfMYZNVaauGkgEy6nII3TeekSGttQk01BE6qAzLjkBgifkSUQncUksbdIIXIqSJBZoyqS80Sti2UrakMNaCcInCU3cy4JlQQkqGhFFJURTNyaV/c2IIfE35Faq4o2aE9cFkwTlsW2IhNU65HvpWacU2U4E7B2gkxDStmCRpCzOFQ8mps9dWSppDHocb75175FZGa1dmwr/3+HQ9Jv1P1mvdlp1FpP23qoiu7QPXpAPnpELfSK2qiHGPpGv7iMK1jgd/yBP7erJbzz3KI94K8/4fmMwA==</latexit>

QFT amplitudes are finite if we sum over initial or final states

within an energy range
<latexit sha1_base64="+YDv0c5pJ2BvQKgyqjHvpLRhCJg=">AAABsnicdU/LTsJAFL3FF9ZX1aWbiWwwaci0MbUkLkhMDEuM8lAgZDqMMGE6bWamGiT8il/jVvf+jQV0wcKzOrnnnnvOjVLBtcH42ypsbG5t7xR37b39g8Mj5/ikpZNMUdakiUhUJyKaCS5Z03AjWCdVjMSRYO1ocrPQ2y9MaZ7IBzNNWT8mI8mfOSUmHw2csCcTLodMGvtWTZmL6kRKpoeJMVy5qEEy4aJ7On4lyry56JFIVPaxF14MnBKu4BxBgBbEC7GXk2o19P0q8pYSxqVaEZZoDBzaGyY0i/MoKojWXQ+npj/L73Iq2NzuZZqlhE7IiM1oHCk+Gpu1aTenksRM92fLv9ctIjPTuZ23+otG/5OWX/GCSnDnl2rXq3pQhDM4hzJ4cAU1qEMDmkDhHT7gE76sS+vJIhZdrRasX88prMESPw8Sdi0=</latexit>

Frye, Hannesdottir, Paul, Schwartz, Yan (2018)



KLN Theorem

<latexit sha1_base64="KWV1zVK27OL+tjgk0wivJKfCXPQ=">AAAB6XicZU/LSsNAFL2prxpfUZduBovQLiyJSN24CEjRZYW+oClhkkzSoZMHmYkQ0nyBK3fi1rVf40rQfzGmFaw9cOFwzr2Xc6yIUS5U9UOqrK1vbG5Vt+Wd3b39A+XwqM/DJLZJzw5ZGA8tzAmjAekJKhgZRjHBvsXIwJre/PiDBxJzGgZdkUZk7GMvoC61sSgkU7k1/JQGAjlGZ0LNzM2R4Xk4ko3upD5rmy46R+0ZukaGQxq/Fqd1igwRIrchFw4NXJGaSk1tqiXQKtEWpKZXoUTHVB4NJ7QTnwTCZpjzkaZGYpzhWFCbkVw2Ek4ibE+xR0YFDbBP+DgrC+forFAc5IZxMUX4Uv17kbFEpEs/MuxznvrWsmhZIXNyWS7Sa/+zrpL+RVNrNVv3lzVdn9eAKpzAKdRBgyvQ4Q460AMb3uAdPuFLmkpP0rP0Ml+tSIubY1iC9PoNwDqKaw==</latexit>∫
d!f ”(|Ef → E| < ω)ε(i ↑ f) < ↓

<latexit sha1_base64="7CLqqD0L0wstPgJXyEkCzS2Lq8E=">AAAB6XicZU/LSsNAFL2prxpfUZduBovQLiyJSN24CEjRZYW+oClhkkzSoZMHmYkQ0nyBK3fi1rVf40rQfzGmFaw9cOFwzr2Xc6yIUS5U9UOqrK1vbG5Vt+Wd3b39A+XwqM/DJLZJzw5ZGA8tzAmjAekJKhgZRjHBvsXIwJre/PiDBxJzGgZdkUZk7GMvoC61sSgkU7k1/JQGAjlGZ0LNjObI8DwcyUZ3Up+1TYrOUXuGrpHhkMavxWmdIkOEyG3IhUMDV6SmUlObagm0SrQFqelVKNExlUfDCe3EJ4GwGeZ8pKmRGGc4FtRmJJeNhJMI21PskVFBA+wTPs7Kwjk6KxQHuWFcTBG+VP9eZCwR6dKPDPucp761LFpWyJxclov02v+sq6R/0dRazdb9ZU3X5zWgCidwCnXQ4Ap0uIMO9MCGN3iHT/iSptKT9Cy9zFcr0uLmGJYgvX4DyMiKcQ==</latexit>∫
d!i”(|Ei → E| < ω)ε(i ↑ f) < ↓

<latexit sha1_base64="rWwrEXfilbeQmVUUMW1i2/ZUrl8=">AAAB6nicZVBNT8JAFNxFQaxfVY9eNnLxRFoOeMWYGI+Q8JVQQrbLo2zYbpvdrYQ0/Alvxqu/ycT/4sEtcEHmNJn35s3khang2njeDy4dHZcrJ9VT5+z84vLKvb7p6yRTDHosEYkahlSD4BJ6hhsBw1QBjUMBg3DxXMwHb6A0T2TXrFIYxzSSfMYZNVaauGkgEy6nII3TeekSGttQk01BE6qAzLjkBgifkSUQncUksbdIIXIqSJBZoyqS80Sti2UrakMNaCcInCU3cy4JlQQkqGhFFJURTNyaV/c2IIfE35Faq4o2aE9cFkwTlsW2IhNU65HvpWacU2U4E7B2gkxDStmCRpCzOFQ8mps9dWSppDHocb75175FZGa1dmwr/3+HQ9Jv1P1mvdlp1FpP23qoiu7QPXpAPnpELfSK2qiHGPpGv7iMK1jgd/yBP7erJbzz3KI94K8/4fmMwA==</latexit>

QFT amplitudes are finite if we sum over initial or final states

within an energy range
<latexit sha1_base64="+YDv0c5pJ2BvQKgyqjHvpLRhCJg=">AAABsnicdU/LTsJAFL3FF9ZX1aWbiWwwaci0MbUkLkhMDEuM8lAgZDqMMGE6bWamGiT8il/jVvf+jQV0wcKzOrnnnnvOjVLBtcH42ypsbG5t7xR37b39g8Mj5/ikpZNMUdakiUhUJyKaCS5Z03AjWCdVjMSRYO1ocrPQ2y9MaZ7IBzNNWT8mI8mfOSUmHw2csCcTLodMGvtWTZmL6kRKpoeJMVy5qEEy4aJ7On4lyry56JFIVPaxF14MnBKu4BxBgBbEC7GXk2o19P0q8pYSxqVaEZZoDBzaGyY0i/MoKojWXQ+npj/L73Iq2NzuZZqlhE7IiM1oHCk+Gpu1aTenksRM92fLv9ctIjPTuZ23+otG/5OWX/GCSnDnl2rXq3pQhDM4hzJ4cAU1qEMDmkDhHT7gE76sS+vJIhZdrRasX88prMESPw8Sdi0=</latexit>

Frye, Hannesdottir, Paul, Schwartz, Yan (2018)



KLN Theorem

<latexit sha1_base64="KWV1zVK27OL+tjgk0wivJKfCXPQ=">AAAB6XicZU/LSsNAFL2prxpfUZduBovQLiyJSN24CEjRZYW+oClhkkzSoZMHmYkQ0nyBK3fi1rVf40rQfzGmFaw9cOFwzr2Xc6yIUS5U9UOqrK1vbG5Vt+Wd3b39A+XwqM/DJLZJzw5ZGA8tzAmjAekJKhgZRjHBvsXIwJre/PiDBxJzGgZdkUZk7GMvoC61sSgkU7k1/JQGAjlGZ0LNzM2R4Xk4ko3upD5rmy46R+0ZukaGQxq/Fqd1igwRIrchFw4NXJGaSk1tqiXQKtEWpKZXoUTHVB4NJ7QTnwTCZpjzkaZGYpzhWFCbkVw2Ek4ibE+xR0YFDbBP+DgrC+forFAc5IZxMUX4Uv17kbFEpEs/MuxznvrWsmhZIXNyWS7Sa/+zrpL+RVNrNVv3lzVdn9eAKpzAKdRBgyvQ4Q460AMb3uAdPuFLmkpP0rP0Ml+tSIubY1iC9PoNwDqKaw==</latexit>∫
d!f ”(|Ef → E| < ω)ε(i ↑ f) < ↓

<latexit sha1_base64="7CLqqD0L0wstPgJXyEkCzS2Lq8E=">AAAB6XicZU/LSsNAFL2prxpfUZduBovQLiyJSN24CEjRZYW+oClhkkzSoZMHmYkQ0nyBK3fi1rVf40rQfzGmFaw9cOFwzr2Xc6yIUS5U9UOqrK1vbG5Vt+Wd3b39A+XwqM/DJLZJzw5ZGA8tzAmjAekJKhgZRjHBvsXIwJre/PiDBxJzGgZdkUZk7GMvoC61sSgkU7k1/JQGAjlGZ0LNjObI8DwcyUZ3Up+1TYrOUXuGrpHhkMavxWmdIkOEyG3IhUMDV6SmUlObagm0SrQFqelVKNExlUfDCe3EJ4GwGeZ8pKmRGGc4FtRmJJeNhJMI21PskVFBA+wTPs7Kwjk6KxQHuWFcTBG+VP9eZCwR6dKPDPucp761LFpWyJxclov02v+sq6R/0dRazdb9ZU3X5zWgCidwCnXQ4Ap0uIMO9MCGN3iHT/iSptKT9Cy9zFcr0uLmGJYgvX4DyMiKcQ==</latexit>∫
d!i”(|Ei → E| < ω)ε(i ↑ f) < ↓

<latexit sha1_base64="rWwrEXfilbeQmVUUMW1i2/ZUrl8=">AAAB6nicZVBNT8JAFNxFQaxfVY9eNnLxRFoOeMWYGI+Q8JVQQrbLo2zYbpvdrYQ0/Alvxqu/ycT/4sEtcEHmNJn35s3khang2njeDy4dHZcrJ9VT5+z84vLKvb7p6yRTDHosEYkahlSD4BJ6hhsBw1QBjUMBg3DxXMwHb6A0T2TXrFIYxzSSfMYZNVaauGkgEy6nII3TeekSGttQk01BE6qAzLjkBgifkSUQncUksbdIIXIqSJBZoyqS80Sti2UrakMNaCcInCU3cy4JlQQkqGhFFJURTNyaV/c2IIfE35Faq4o2aE9cFkwTlsW2IhNU65HvpWacU2U4E7B2gkxDStmCRpCzOFQ8mps9dWSppDHocb75175FZGa1dmwr/3+HQ9Jv1P1mvdlp1FpP23qoiu7QPXpAPnpELfSK2qiHGPpGv7iMK1jgd/yBP7erJbzz3KI94K8/4fmMwA==</latexit>

QFT amplitudes are finite if we sum over initial or final states

within an energy range
<latexit sha1_base64="+YDv0c5pJ2BvQKgyqjHvpLRhCJg=">AAABsnicdU/LTsJAFL3FF9ZX1aWbiWwwaci0MbUkLkhMDEuM8lAgZDqMMGE6bWamGiT8il/jVvf+jQV0wcKzOrnnnnvOjVLBtcH42ypsbG5t7xR37b39g8Mj5/ikpZNMUdakiUhUJyKaCS5Z03AjWCdVjMSRYO1ocrPQ2y9MaZ7IBzNNWT8mI8mfOSUmHw2csCcTLodMGvtWTZmL6kRKpoeJMVy5qEEy4aJ7On4lyry56JFIVPaxF14MnBKu4BxBgBbEC7GXk2o19P0q8pYSxqVaEZZoDBzaGyY0i/MoKojWXQ+npj/L73Iq2NzuZZqlhE7IiM1oHCk+Gpu1aTenksRM92fLv9ctIjPTuZ23+otG/5OWX/GCSnDnl2rXq3pQhDM4hzJ4cAU1qEMDmkDhHT7gE76sS+vJIhZdrRasX88prMESPw8Sdi0=</latexit>

Frye, Hannesdottir, Paul, Schwartz, Yan (2018)

<latexit sha1_base64="Wmvc+eHr+0N/ReqMvCzbUqeOdNU=">AAAB1nicZZA7TwJBFIXv4gvX16qlzUQaaMguhbYYiNEOEnkkLCGzwwVGZmc2O7MaQrAztv4m/4X/wFZ/gcujEDnVyTn3JF9uEAmujet+Wpmt7Z3dvey+fXB4dHzinJ41tUpihg2mhIrbAdUouMSG4UZgO4qRhoHAVjCuzPvWE8aaK/lgJhF2QzqUfMAZNWnUc3xfKi77KI19L0m9UiXPSCIaG06FmBCdhESlexIoMyJc8nlOtKEGNcnXqre6YPu+TWWfDLj8Uz2i0YWek3OL7kJk03grkytnYaFaz2F+X7EkTHGYoFp3PDcy3ekchwmc2X6iMaJsTIc4ZWEQ8+HIrKWd1Eoaou5OF79Zn4jETGZ2SuX9Z9g0zVLRuype1Uu58s0SD7JwAZeQBw+uoQx3UIMGMPiAL/iGH6ttvViv1tvyNGOtNuewJuv9F/NIhJM=</latexit>

In QCD we partially sum over both initial states (PDFs)

and final states (jets)



KLN Theorem

<latexit sha1_base64="KWV1zVK27OL+tjgk0wivJKfCXPQ=">AAAB6XicZU/LSsNAFL2prxpfUZduBovQLiyJSN24CEjRZYW+oClhkkzSoZMHmYkQ0nyBK3fi1rVf40rQfzGmFaw9cOFwzr2Xc6yIUS5U9UOqrK1vbG5Vt+Wd3b39A+XwqM/DJLZJzw5ZGA8tzAmjAekJKhgZRjHBvsXIwJre/PiDBxJzGgZdkUZk7GMvoC61sSgkU7k1/JQGAjlGZ0LNzM2R4Xk4ko3upD5rmy46R+0ZukaGQxq/Fqd1igwRIrchFw4NXJGaSk1tqiXQKtEWpKZXoUTHVB4NJ7QTnwTCZpjzkaZGYpzhWFCbkVw2Ek4ibE+xR0YFDbBP+DgrC+forFAc5IZxMUX4Uv17kbFEpEs/MuxznvrWsmhZIXNyWS7Sa/+zrpL+RVNrNVv3lzVdn9eAKpzAKdRBgyvQ4Q460AMb3uAdPuFLmkpP0rP0Ml+tSIubY1iC9PoNwDqKaw==</latexit>∫
d!f ”(|Ef → E| < ω)ε(i ↑ f) < ↓

<latexit sha1_base64="7CLqqD0L0wstPgJXyEkCzS2Lq8E=">AAAB6XicZU/LSsNAFL2prxpfUZduBovQLiyJSN24CEjRZYW+oClhkkzSoZMHmYkQ0nyBK3fi1rVf40rQfzGmFaw9cOFwzr2Xc6yIUS5U9UOqrK1vbG5Vt+Wd3b39A+XwqM/DJLZJzw5ZGA8tzAmjAekJKhgZRjHBvsXIwJre/PiDBxJzGgZdkUZk7GMvoC61sSgkU7k1/JQGAjlGZ0LNjObI8DwcyUZ3Up+1TYrOUXuGrpHhkMavxWmdIkOEyG3IhUMDV6SmUlObagm0SrQFqelVKNExlUfDCe3EJ4GwGeZ8pKmRGGc4FtRmJJeNhJMI21PskVFBA+wTPs7Kwjk6KxQHuWFcTBG+VP9eZCwR6dKPDPucp761LFpWyJxclov02v+sq6R/0dRazdb9ZU3X5zWgCidwCnXQ4Ap0uIMO9MCGN3iHT/iSptKT9Cy9zFcr0uLmGJYgvX4DyMiKcQ==</latexit>∫
d!i”(|Ei → E| < ω)ε(i ↑ f) < ↓

<latexit sha1_base64="rWwrEXfilbeQmVUUMW1i2/ZUrl8=">AAAB6nicZVBNT8JAFNxFQaxfVY9eNnLxRFoOeMWYGI+Q8JVQQrbLo2zYbpvdrYQ0/Alvxqu/ycT/4sEtcEHmNJn35s3khang2njeDy4dHZcrJ9VT5+z84vLKvb7p6yRTDHosEYkahlSD4BJ6hhsBw1QBjUMBg3DxXMwHb6A0T2TXrFIYxzSSfMYZNVaauGkgEy6nII3TeekSGttQk01BE6qAzLjkBgifkSUQncUksbdIIXIqSJBZoyqS80Sti2UrakMNaCcInCU3cy4JlQQkqGhFFJURTNyaV/c2IIfE35Faq4o2aE9cFkwTlsW2IhNU65HvpWacU2U4E7B2gkxDStmCRpCzOFQ8mps9dWSppDHocb75175FZGa1dmwr/3+HQ9Jv1P1mvdlp1FpP23qoiu7QPXpAPnpELfSK2qiHGPpGv7iMK1jgd/yBP7erJbzz3KI94K8/4fmMwA==</latexit>

QFT amplitudes are finite if we sum over initial or final states

within an energy range
<latexit sha1_base64="+YDv0c5pJ2BvQKgyqjHvpLRhCJg=">AAABsnicdU/LTsJAFL3FF9ZX1aWbiWwwaci0MbUkLkhMDEuM8lAgZDqMMGE6bWamGiT8il/jVvf+jQV0wcKzOrnnnnvOjVLBtcH42ypsbG5t7xR37b39g8Mj5/ikpZNMUdakiUhUJyKaCS5Z03AjWCdVjMSRYO1ocrPQ2y9MaZ7IBzNNWT8mI8mfOSUmHw2csCcTLodMGvtWTZmL6kRKpoeJMVy5qEEy4aJ7On4lyry56JFIVPaxF14MnBKu4BxBgBbEC7GXk2o19P0q8pYSxqVaEZZoDBzaGyY0i/MoKojWXQ+npj/L73Iq2NzuZZqlhE7IiM1oHCk+Gpu1aTenksRM92fLv9ctIjPTuZ23+otG/5OWX/GCSnDnl2rXq3pQhDM4hzJ4cAU1qEMDmkDhHT7gE76sS+vJIhZdrRasX88prMESPw8Sdi0=</latexit>

Frye, Hannesdottir, Paul, Schwartz, Yan (2018)

<latexit sha1_base64="Wmvc+eHr+0N/ReqMvCzbUqeOdNU=">AAAB1nicZZA7TwJBFIXv4gvX16qlzUQaaMguhbYYiNEOEnkkLCGzwwVGZmc2O7MaQrAztv4m/4X/wFZ/gcujEDnVyTn3JF9uEAmujet+Wpmt7Z3dvey+fXB4dHzinJ41tUpihg2mhIrbAdUouMSG4UZgO4qRhoHAVjCuzPvWE8aaK/lgJhF2QzqUfMAZNWnUc3xfKi77KI19L0m9UiXPSCIaG06FmBCdhESlexIoMyJc8nlOtKEGNcnXqre6YPu+TWWfDLj8Uz2i0YWek3OL7kJk03grkytnYaFaz2F+X7EkTHGYoFp3PDcy3ekchwmc2X6iMaJsTIc4ZWEQ8+HIrKWd1Eoaou5OF79Zn4jETGZ2SuX9Z9g0zVLRuype1Uu58s0SD7JwAZeQBw+uoQx3UIMGMPiAL/iGH6ttvViv1tvyNGOtNuewJuv9F/NIhJM=</latexit>

In QCD we partially sum over both initial states (PDFs)

and final states (jets)

<latexit sha1_base64="X6mU/oJxPtC9BO1GTkzH+20RtzE=">AAABhXicZY/NToNAFIXv1J8i/lVdujGycSOBxuCSGjcuayJtk0KaYXrFSYcBmcGkIX0Ot/pYvo1Iu8Ge1Zdz70nOiXPBlXacH9LZ2d3b7xoH5uHR8clp7+x8pLKyYBiwTGTFJKYKBZcYaK4FTvICaRoLHMeLx7/7+AMLxTP5opc5RilNJH/ljOraikKZcTlHqU3f92c9y7GdRlfb4G7AGhjQaDjrsXCesTKt80xQpaauk+uoooXmTODKDEuFOWULmmDF0rjgyZtuudMaJU1RRVUzpR0RpV6uzLqV+7/DNoz6tuvZ3nPfGjys64EBl3ANN+DCPQzgCYYQAIN3+IQv+CZdckvuiLd+7ZBN5gJaIv4vuCllzg==</latexit>

???



Gauge Invariant States



Gauge Invariant States
<latexit sha1_base64="w1AHlmufV69CjSxtuKRetvkmLp8=">AAAB9HicZVC7TgJBFJ1BRVwfrFraTKQQC8kuBZZibCgxESFhCc4O12XC7MxmZhaChD+xM7b+j52f4gpogpzq5DxyT26YCG6s533i3Nb2Tn63sOfsHxweFd3jk0ejUs2gxZRQuhNSA4JLaFluBXQSDTQOBbTD0d2P3x6DNlzJBztNoBfTSPJnzqjNpL77EkjF5QCkdRpqQgaKTIAwJSUwS5Lh1GRJQcoRTSMgXI6p5lTaS2IstWCIVU4QOEtXKnn1lyBPCdVWyYvfJJdkSPWAJFoxMAbMTd8teRVvAbJJ/BUp1QtogWbfZcFAsTTOxjJBjen6XmJ7s+wOZwLmTpAaSCgb0QhmLA41j4Z2Te1mVNIYTG+2+Nx6RaR2OneyVf7/DZvksVrxa5XafbVUv13OQwV0hs5RGfnoGtVRAzVRCzH0hfO4iF08xq/4Db8vozm86pyiNeCPbzJhj1w=</latexit>

How do we connect physical (gauge invariant) states to

gauge non-invariant ‘parton’ states in hard processes?



Gauge Invariant States
<latexit sha1_base64="w1AHlmufV69CjSxtuKRetvkmLp8=">AAAB9HicZVC7TgJBFJ1BRVwfrFraTKQQC8kuBZZibCgxESFhCc4O12XC7MxmZhaChD+xM7b+j52f4gpogpzq5DxyT26YCG6s533i3Nb2Tn63sOfsHxweFd3jk0ejUs2gxZRQuhNSA4JLaFluBXQSDTQOBbTD0d2P3x6DNlzJBztNoBfTSPJnzqjNpL77EkjF5QCkdRpqQgaKTIAwJSUwS5Lh1GRJQcoRTSMgXI6p5lTaS2IstWCIVU4QOEtXKnn1lyBPCdVWyYvfJJdkSPWAJFoxMAbMTd8teRVvAbJJ/BUp1QtogWbfZcFAsTTOxjJBjen6XmJ7s+wOZwLmTpAaSCgb0QhmLA41j4Z2Te1mVNIYTG+2+Nx6RaR2OneyVf7/DZvksVrxa5XafbVUv13OQwV0hs5RGfnoGtVRAzVRCzH0hfO4iF08xq/4Db8vozm86pyiNeCPbzJhj1w=</latexit>

How do we connect physical (gauge invariant) states to

gauge non-invariant ‘parton’ states in hard processes?

<latexit sha1_base64="gEkXOOLdQmEMfWjihdVHdanpmW4=">AAABpnicZY/NTsJAFIXv4B/Wv6pLN41sWBjSssClGDFxZSCxQAIEp8MVJkxnmpkphjS8hE/jVt/Ct7ECG+Ssvpx7z825USK4sb7/Qwo7u3v7B8VD5+j45PTMPb9oG5VqhiFTQuluRA0KLjG03ArsJhppHAnsRNOHv3lnhtpwJV/sPMFBTMeSv3FGbW4N3Zu+VFyOUFqnobx39HCG0ktzRxtL5cizE248Lr3WY+Nu6Jb8ir+Utw3BGkr1IizVHLqsP1IsjfPzTFBjeoGf2EFGteVM4MLppwYTyqZ0jBmLI83HE7vh9nKUNEYzyJa/bkZEaucLJ28V/O+wDe1qJahVaq1qqX6/qgdFuIJrKEMAt1CHJ2hCCAw+4BO+4JuUyTMJSWe1WiDrzCVsiLz+At4rclU=</latexit>

Do we even understand this in QED?



Gauge Invariant States
<latexit sha1_base64="w1AHlmufV69CjSxtuKRetvkmLp8=">AAAB9HicZVC7TgJBFJ1BRVwfrFraTKQQC8kuBZZibCgxESFhCc4O12XC7MxmZhaChD+xM7b+j52f4gpogpzq5DxyT26YCG6s533i3Nb2Tn63sOfsHxweFd3jk0ejUs2gxZRQuhNSA4JLaFluBXQSDTQOBbTD0d2P3x6DNlzJBztNoBfTSPJnzqjNpL77EkjF5QCkdRpqQgaKTIAwJSUwS5Lh1GRJQcoRTSMgXI6p5lTaS2IstWCIVU4QOEtXKnn1lyBPCdVWyYvfJJdkSPWAJFoxMAbMTd8teRVvAbJJ/BUp1QtogWbfZcFAsTTOxjJBjen6XmJ7s+wOZwLmTpAaSCgb0QhmLA41j4Z2Te1mVNIYTG+2+Nx6RaR2OneyVf7/DZvksVrxa5XafbVUv13OQwV0hs5RGfnoGtVRAzVRCzH0hfO4iF08xq/4Db8vozm86pyiNeCPbzJhj1w=</latexit>

How do we connect physical (gauge invariant) states to

gauge non-invariant ‘parton’ states in hard processes?

<latexit sha1_base64="gEkXOOLdQmEMfWjihdVHdanpmW4=">AAABpnicZY/NTsJAFIXv4B/Wv6pLN41sWBjSssClGDFxZSCxQAIEp8MVJkxnmpkphjS8hE/jVt/Ct7ECG+Ssvpx7z825USK4sb7/Qwo7u3v7B8VD5+j45PTMPb9oG5VqhiFTQuluRA0KLjG03ArsJhppHAnsRNOHv3lnhtpwJV/sPMFBTMeSv3FGbW4N3Zu+VFyOUFqnobx39HCG0ktzRxtL5cizE248Lr3WY+Nu6Jb8ir+Utw3BGkr1IizVHLqsP1IsjfPzTFBjeoGf2EFGteVM4MLppwYTyqZ0jBmLI83HE7vh9nKUNEYzyJa/bkZEaucLJ28V/O+wDe1qJahVaq1qqX6/qgdFuIJrKEMAt1CHJ2hCCAw+4BO+4JuUyTMJSWe1WiDrzCVsiLz+At4rclU=</latexit>

Do we even understand this in QED?

<latexit sha1_base64="wRXUYtZHy8YMlTlij5I3ZxQCVqU=">AAABmHicdU+7TsMwFL0urxJeATaQUEQXpsrJENotiKGwFUQfUhNVjmuKVceObAdUVd34Glb4Gf6GtIWhA2c6Oueee89Nc8GNxfgbVTY2t7Z3qrvO3v7B4ZF7fNI1qtCUdagSSvdTYpjgknUst4L1c81IlgrWSye3C7/3yrThSj7Zac6SjIwlf+aU2FIauhexVFyOmLROixTGeIK8eVRJYzXh0g7dGq7jEmHoLYjfwH5Jms1GEDQ9f2lhXIuqsER76NJ4pGiRlQupIMYMfJzbZEa05VSwuRMXhuWETsiYzWiWaj5+sWvqoKSSZMwks+V36xFR2OncKVv9nfb+J92g7of18CGoRTerelCFc7iEK/DhGiK4gzZ0gMI7fMAnfKEzFKEWul+NVtBv5hTWgB5/APm5bfU=</latexit>

Gauss law constraint
<latexit sha1_base64="j2oZTFx5VhsQeSao7fLwAPTj9Ss=">AAAB8XicZY/LSsNAFIZP6q3GW9Wlm8EiuLEkInUlFEUQN1awF+jUMpmcxqGTC5lpscQ8gU/gTty69mHErb6H6WVh7Q8HPv5z4T9OJIXSlvVp5BYWl5ZX8qvm2vrG5lZhe6euwn7MscZDGcZNhymUIsCaFlpiM4qR+Y7EhtO7GPUbA4yVCIM7PYyw7TMvEF3Bmc6sTuGGnguvRagXM5dQ7oaa0AHy5DIlRwTJ9b1FRhNtYlJHeE+EVpUgI6QxCzyJHarxUSfRw1Cl5IxYnULRKlljkXmwp1Cs5GGsaqfwTN2Q930MNJdMqZZtRbqdsFgLLjE1aV9hxHiPedjKMGA+qnYyfjwlB5njkm4YZxVoMnb/biSyr4czNxLmKzX0nVnTcULppqaZpbf/Z52H+nHJLpfKtyfFSmXyBuRhD/bhEGw4hQpcQRVqwOEDvuAbfgxlvBivxttkNGdMd3ZhRsb7L4BgjqI=</latexit>[
ω→ · ωE ↑ eJ0

]∣∣!
〉
phys

= 0



Gauge Invariant States
<latexit sha1_base64="w1AHlmufV69CjSxtuKRetvkmLp8=">AAAB9HicZVC7TgJBFJ1BRVwfrFraTKQQC8kuBZZibCgxESFhCc4O12XC7MxmZhaChD+xM7b+j52f4gpogpzq5DxyT26YCG6s533i3Nb2Tn63sOfsHxweFd3jk0ejUs2gxZRQuhNSA4JLaFluBXQSDTQOBbTD0d2P3x6DNlzJBztNoBfTSPJnzqjNpL77EkjF5QCkdRpqQgaKTIAwJSUwS5Lh1GRJQcoRTSMgXI6p5lTaS2IstWCIVU4QOEtXKnn1lyBPCdVWyYvfJJdkSPWAJFoxMAbMTd8teRVvAbJJ/BUp1QtogWbfZcFAsTTOxjJBjen6XmJ7s+wOZwLmTpAaSCgb0QhmLA41j4Z2Te1mVNIYTG+2+Nx6RaR2OneyVf7/DZvksVrxa5XafbVUv13OQwV0hs5RGfnoGtVRAzVRCzH0hfO4iF08xq/4Db8vozm86pyiNeCPbzJhj1w=</latexit>

How do we connect physical (gauge invariant) states to

gauge non-invariant ‘parton’ states in hard processes?

<latexit sha1_base64="gEkXOOLdQmEMfWjihdVHdanpmW4=">AAABpnicZY/NTsJAFIXv4B/Wv6pLN41sWBjSssClGDFxZSCxQAIEp8MVJkxnmpkphjS8hE/jVt/Ct7ECG+Ssvpx7z825USK4sb7/Qwo7u3v7B8VD5+j45PTMPb9oG5VqhiFTQuluRA0KLjG03ArsJhppHAnsRNOHv3lnhtpwJV/sPMFBTMeSv3FGbW4N3Zu+VFyOUFqnobx39HCG0ktzRxtL5cizE248Lr3WY+Nu6Jb8ir+Utw3BGkr1IizVHLqsP1IsjfPzTFBjeoGf2EFGteVM4MLppwYTyqZ0jBmLI83HE7vh9nKUNEYzyJa/bkZEaucLJ28V/O+wDe1qJahVaq1qqX6/qgdFuIJrKEMAt1CHJ2hCCAw+4BO+4JuUyTMJSWe1WiDrzCVsiLz+At4rclU=</latexit>

Do we even understand this in QED?

<latexit sha1_base64="wRXUYtZHy8YMlTlij5I3ZxQCVqU=">AAABmHicdU+7TsMwFL0urxJeATaQUEQXpsrJENotiKGwFUQfUhNVjmuKVceObAdUVd34Glb4Gf6GtIWhA2c6Oueee89Nc8GNxfgbVTY2t7Z3qrvO3v7B4ZF7fNI1qtCUdagSSvdTYpjgknUst4L1c81IlgrWSye3C7/3yrThSj7Zac6SjIwlf+aU2FIauhexVFyOmLROixTGeIK8eVRJYzXh0g7dGq7jEmHoLYjfwH5Jms1GEDQ9f2lhXIuqsER76NJ4pGiRlQupIMYMfJzbZEa05VSwuRMXhuWETsiYzWiWaj5+sWvqoKSSZMwks+V36xFR2OncKVv9nfb+J92g7of18CGoRTerelCFc7iEK/DhGiK4gzZ0gMI7fMAnfKEzFKEWul+NVtBv5hTWgB5/APm5bfU=</latexit>

Gauss law constraint
<latexit sha1_base64="j2oZTFx5VhsQeSao7fLwAPTj9Ss=">AAAB8XicZY/LSsNAFIZP6q3GW9Wlm8EiuLEkInUlFEUQN1awF+jUMpmcxqGTC5lpscQ8gU/gTty69mHErb6H6WVh7Q8HPv5z4T9OJIXSlvVp5BYWl5ZX8qvm2vrG5lZhe6euwn7MscZDGcZNhymUIsCaFlpiM4qR+Y7EhtO7GPUbA4yVCIM7PYyw7TMvEF3Bmc6sTuGGnguvRagXM5dQ7oaa0AHy5DIlRwTJ9b1FRhNtYlJHeE+EVpUgI6QxCzyJHarxUSfRw1Cl5IxYnULRKlljkXmwp1Cs5GGsaqfwTN2Q930MNJdMqZZtRbqdsFgLLjE1aV9hxHiPedjKMGA+qnYyfjwlB5njkm4YZxVoMnb/biSyr4czNxLmKzX0nVnTcULppqaZpbf/Z52H+nHJLpfKtyfFSmXyBuRhD/bhEGw4hQpcQRVqwOEDvuAbfgxlvBivxttkNGdMd3ZhRsb7L4BgjqI=</latexit>[
ω→ · ωE ↑ eJ0

]∣∣!
〉
phys

= 0

<latexit sha1_base64="Jm8jSt7Dz8J+KRXBsBHKDIlr0KY=">AAAB0HicZZBNT8JAEIan+IX1C/XoZSM9mBhJ60GvGC8e0QiYUCDbZSwb2t1md6qShhiv/ib/iFev+iNE9IK8pycz8yZPJsoSacn3353S0vLK6lp53d3Y3NreqezutazOjcCm0Ik2dxG3mEiFTZKU4F1mkKdRgu1odPmzbz+gsVKrWxpn2E15rOS9FJymo36lFSot1QAVuV54I+MhcWP0o8e8cIRUYO+YYe9k4rFHSUOdE8uGmrSyTFqmNDHOYp7HyKR64EZyRcwSJ+xXqn7Nn4UtQvAH1XoZZmn0KyIcaJGnUxGRcGs7gZ9Rt+CGpEhw4oa5xYyLEY+xEGlkfkznpp0pKp6i7Razr8xXkpzGE3dqFfx3WITWaS04q51dn1brF796UIYDOIQjCOAc6nAFDWiCgDf4gE/4cm6cJ+fZefk9LTl/nX2Yi/P6DY+Rg4o=</latexit>

→ |e+e→↑ without photons is not a gauge invariant state



Gauge Invariant States
<latexit sha1_base64="w1AHlmufV69CjSxtuKRetvkmLp8=">AAAB9HicZVC7TgJBFJ1BRVwfrFraTKQQC8kuBZZibCgxESFhCc4O12XC7MxmZhaChD+xM7b+j52f4gpogpzq5DxyT26YCG6s533i3Nb2Tn63sOfsHxweFd3jk0ejUs2gxZRQuhNSA4JLaFluBXQSDTQOBbTD0d2P3x6DNlzJBztNoBfTSPJnzqjNpL77EkjF5QCkdRpqQgaKTIAwJSUwS5Lh1GRJQcoRTSMgXI6p5lTaS2IstWCIVU4QOEtXKnn1lyBPCdVWyYvfJJdkSPWAJFoxMAbMTd8teRVvAbJJ/BUp1QtogWbfZcFAsTTOxjJBjen6XmJ7s+wOZwLmTpAaSCgb0QhmLA41j4Z2Te1mVNIYTG+2+Nx6RaR2OneyVf7/DZvksVrxa5XafbVUv13OQwV0hs5RGfnoGtVRAzVRCzH0hfO4iF08xq/4Db8vozm86pyiNeCPbzJhj1w=</latexit>

How do we connect physical (gauge invariant) states to

gauge non-invariant ‘parton’ states in hard processes?

<latexit sha1_base64="gEkXOOLdQmEMfWjihdVHdanpmW4=">AAABpnicZY/NTsJAFIXv4B/Wv6pLN41sWBjSssClGDFxZSCxQAIEp8MVJkxnmpkphjS8hE/jVt/Ct7ECG+Ssvpx7z825USK4sb7/Qwo7u3v7B8VD5+j45PTMPb9oG5VqhiFTQuluRA0KLjG03ArsJhppHAnsRNOHv3lnhtpwJV/sPMFBTMeSv3FGbW4N3Zu+VFyOUFqnobx39HCG0ktzRxtL5cizE248Lr3WY+Nu6Jb8ir+Utw3BGkr1IizVHLqsP1IsjfPzTFBjeoGf2EFGteVM4MLppwYTyqZ0jBmLI83HE7vh9nKUNEYzyJa/bkZEaucLJ28V/O+wDe1qJahVaq1qqX6/qgdFuIJrKEMAt1CHJ2hCCAw+4BO+4JuUyTMJSWe1WiDrzCVsiLz+At4rclU=</latexit>

Do we even understand this in QED?

<latexit sha1_base64="wRXUYtZHy8YMlTlij5I3ZxQCVqU=">AAABmHicdU+7TsMwFL0urxJeATaQUEQXpsrJENotiKGwFUQfUhNVjmuKVceObAdUVd34Glb4Gf6GtIWhA2c6Oueee89Nc8GNxfgbVTY2t7Z3qrvO3v7B4ZF7fNI1qtCUdagSSvdTYpjgknUst4L1c81IlgrWSye3C7/3yrThSj7Zac6SjIwlf+aU2FIauhexVFyOmLROixTGeIK8eVRJYzXh0g7dGq7jEmHoLYjfwH5Jms1GEDQ9f2lhXIuqsER76NJ4pGiRlQupIMYMfJzbZEa05VSwuRMXhuWETsiYzWiWaj5+sWvqoKSSZMwks+V36xFR2OncKVv9nfb+J92g7of18CGoRTerelCFc7iEK/DhGiK4gzZ0gMI7fMAnfKEzFKEWul+NVtBv5hTWgB5/APm5bfU=</latexit>

Gauss law constraint
<latexit sha1_base64="j2oZTFx5VhsQeSao7fLwAPTj9Ss=">AAAB8XicZY/LSsNAFIZP6q3GW9Wlm8EiuLEkInUlFEUQN1awF+jUMpmcxqGTC5lpscQ8gU/gTty69mHErb6H6WVh7Q8HPv5z4T9OJIXSlvVp5BYWl5ZX8qvm2vrG5lZhe6euwn7MscZDGcZNhymUIsCaFlpiM4qR+Y7EhtO7GPUbA4yVCIM7PYyw7TMvEF3Bmc6sTuGGnguvRagXM5dQ7oaa0AHy5DIlRwTJ9b1FRhNtYlJHeE+EVpUgI6QxCzyJHarxUSfRw1Cl5IxYnULRKlljkXmwp1Cs5GGsaqfwTN2Q930MNJdMqZZtRbqdsFgLLjE1aV9hxHiPedjKMGA+qnYyfjwlB5njkm4YZxVoMnb/biSyr4czNxLmKzX0nVnTcULppqaZpbf/Z52H+nHJLpfKtyfFSmXyBuRhD/bhEGw4hQpcQRVqwOEDvuAbfgxlvBivxttkNGdMd3ZhRsb7L4BgjqI=</latexit>[
ω→ · ωE ↑ eJ0

]∣∣!
〉
phys

= 0

<latexit sha1_base64="Hst/rGMq1uBgwboehjjh4uHjel0=">AAAB7nicZZA7T8MwFIVtnm14FRhZLNqBqUo6FImp0IUBoSLRh9RUleM4qVXHjuwboKr6N9gQK38Jfg0h7VJ6pqNz7/H95CCVwoLrfuOt7Z3dvf1S2Tk4PDo+qZye9azODONdpqU2g4BaLoXiXRAg+SA1nCaB5P1g2v6b91+4sUKrZ5ilfJTQWIlIMAp5NK6Ar7RQIVfgtCUVyQ25eyT8LdUqj0SxRHREIqGoJBYocEusjoCkEw1aWcf3nZr/wCMwIp4ANUa/1ggNQ6FiwiS1Nj8llxVDQ7E6W3XrbiGyabyVqbZKqFBnXGF+qFmW5EzFm0PPTWE0pwYEk3zh+JnlKWVTGvM5S4ICZS0d5lbRhNvRvPiz9YrMYLZwcirvP8Om6TXqXrPefGpUW7dLPFRCF+gSXSEPXaMWukcd1EUM/WCEy9jBKX7HH/hzubqFV51ztCb89QtwE41b</latexit>

Claim: BN exponentiation of final states soft photons

→ adding classical soft radiation

<latexit sha1_base64="Jm8jSt7Dz8J+KRXBsBHKDIlr0KY=">AAAB0HicZZBNT8JAEIan+IX1C/XoZSM9mBhJ60GvGC8e0QiYUCDbZSwb2t1md6qShhiv/ib/iFev+iNE9IK8pycz8yZPJsoSacn3353S0vLK6lp53d3Y3NreqezutazOjcCm0Ik2dxG3mEiFTZKU4F1mkKdRgu1odPmzbz+gsVKrWxpn2E15rOS9FJymo36lFSot1QAVuV54I+MhcWP0o8e8cIRUYO+YYe9k4rFHSUOdE8uGmrSyTFqmNDHOYp7HyKR64EZyRcwSJ+xXqn7Nn4UtQvAH1XoZZmn0KyIcaJGnUxGRcGs7gZ9Rt+CGpEhw4oa5xYyLEY+xEGlkfkznpp0pKp6i7Razr8xXkpzGE3dqFfx3WITWaS04q51dn1brF796UIYDOIQjCOAc6nAFDWiCgDf4gE/4cm6cJ+fZefk9LTl/nX2Yi/P6DY+Rg4o=</latexit>

→ |e+e→↑ without photons is not a gauge invariant state



Gauge Invariant States
<latexit sha1_base64="w1AHlmufV69CjSxtuKRetvkmLp8=">AAAB9HicZVC7TgJBFJ1BRVwfrFraTKQQC8kuBZZibCgxESFhCc4O12XC7MxmZhaChD+xM7b+j52f4gpogpzq5DxyT26YCG6s533i3Nb2Tn63sOfsHxweFd3jk0ejUs2gxZRQuhNSA4JLaFluBXQSDTQOBbTD0d2P3x6DNlzJBztNoBfTSPJnzqjNpL77EkjF5QCkdRpqQgaKTIAwJSUwS5Lh1GRJQcoRTSMgXI6p5lTaS2IstWCIVU4QOEtXKnn1lyBPCdVWyYvfJJdkSPWAJFoxMAbMTd8teRVvAbJJ/BUp1QtogWbfZcFAsTTOxjJBjen6XmJ7s+wOZwLmTpAaSCgb0QhmLA41j4Z2Te1mVNIYTG+2+Nx6RaR2OneyVf7/DZvksVrxa5XafbVUv13OQwV0hs5RGfnoGtVRAzVRCzH0hfO4iF08xq/4Db8vozm86pyiNeCPbzJhj1w=</latexit>

How do we connect physical (gauge invariant) states to

gauge non-invariant ‘parton’ states in hard processes?

<latexit sha1_base64="gEkXOOLdQmEMfWjihdVHdanpmW4=">AAABpnicZY/NTsJAFIXv4B/Wv6pLN41sWBjSssClGDFxZSCxQAIEp8MVJkxnmpkphjS8hE/jVt/Ct7ECG+Ssvpx7z825USK4sb7/Qwo7u3v7B8VD5+j45PTMPb9oG5VqhiFTQuluRA0KLjG03ArsJhppHAnsRNOHv3lnhtpwJV/sPMFBTMeSv3FGbW4N3Zu+VFyOUFqnobx39HCG0ktzRxtL5cizE248Lr3WY+Nu6Jb8ir+Utw3BGkr1IizVHLqsP1IsjfPzTFBjeoGf2EFGteVM4MLppwYTyqZ0jBmLI83HE7vh9nKUNEYzyJa/bkZEaucLJ28V/O+wDe1qJahVaq1qqX6/qgdFuIJrKEMAt1CHJ2hCCAw+4BO+4JuUyTMJSWe1WiDrzCVsiLz+At4rclU=</latexit>

Do we even understand this in QED?

<latexit sha1_base64="wRXUYtZHy8YMlTlij5I3ZxQCVqU=">AAABmHicdU+7TsMwFL0urxJeATaQUEQXpsrJENotiKGwFUQfUhNVjmuKVceObAdUVd34Glb4Gf6GtIWhA2c6Oueee89Nc8GNxfgbVTY2t7Z3qrvO3v7B4ZF7fNI1qtCUdagSSvdTYpjgknUst4L1c81IlgrWSye3C7/3yrThSj7Zac6SjIwlf+aU2FIauhexVFyOmLROixTGeIK8eVRJYzXh0g7dGq7jEmHoLYjfwH5Jms1GEDQ9f2lhXIuqsER76NJ4pGiRlQupIMYMfJzbZEa05VSwuRMXhuWETsiYzWiWaj5+sWvqoKSSZMwks+V36xFR2OncKVv9nfb+J92g7of18CGoRTerelCFc7iEK/DhGiK4gzZ0gMI7fMAnfKEzFKEWul+NVtBv5hTWgB5/APm5bfU=</latexit>

Gauss law constraint
<latexit sha1_base64="j2oZTFx5VhsQeSao7fLwAPTj9Ss=">AAAB8XicZY/LSsNAFIZP6q3GW9Wlm8EiuLEkInUlFEUQN1awF+jUMpmcxqGTC5lpscQ8gU/gTty69mHErb6H6WVh7Q8HPv5z4T9OJIXSlvVp5BYWl5ZX8qvm2vrG5lZhe6euwn7MscZDGcZNhymUIsCaFlpiM4qR+Y7EhtO7GPUbA4yVCIM7PYyw7TMvEF3Bmc6sTuGGnguvRagXM5dQ7oaa0AHy5DIlRwTJ9b1FRhNtYlJHeE+EVpUgI6QxCzyJHarxUSfRw1Cl5IxYnULRKlljkXmwp1Cs5GGsaqfwTN2Q930MNJdMqZZtRbqdsFgLLjE1aV9hxHiPedjKMGA+qnYyfjwlB5njkm4YZxVoMnb/biSyr4czNxLmKzX0nVnTcULppqaZpbf/Z52H+nHJLpfKtyfFSmXyBuRhD/bhEGw4hQpcQRVqwOEDvuAbfgxlvBivxttkNGdMd3ZhRsb7L4BgjqI=</latexit>[
ω→ · ωE ↑ eJ0

]∣∣!
〉
phys

= 0

<latexit sha1_base64="Hst/rGMq1uBgwboehjjh4uHjel0=">AAAB7nicZZA7T8MwFIVtnm14FRhZLNqBqUo6FImp0IUBoSLRh9RUleM4qVXHjuwboKr6N9gQK38Jfg0h7VJ6pqNz7/H95CCVwoLrfuOt7Z3dvf1S2Tk4PDo+qZye9azODONdpqU2g4BaLoXiXRAg+SA1nCaB5P1g2v6b91+4sUKrZ5ilfJTQWIlIMAp5NK6Ar7RQIVfgtCUVyQ25eyT8LdUqj0SxRHREIqGoJBYocEusjoCkEw1aWcf3nZr/wCMwIp4ANUa/1ggNQ6FiwiS1Nj8llxVDQ7E6W3XrbiGyabyVqbZKqFBnXGF+qFmW5EzFm0PPTWE0pwYEk3zh+JnlKWVTGvM5S4ICZS0d5lbRhNvRvPiz9YrMYLZwcirvP8Om6TXqXrPefGpUW7dLPFRCF+gSXSEPXaMWukcd1EUM/WCEy9jBKX7HH/hzubqFV51ztCb89QtwE41b</latexit>

Claim: BN exponentiation of final states soft photons

→ adding classical soft radiation

<latexit sha1_base64="Jm8jSt7Dz8J+KRXBsBHKDIlr0KY=">AAAB0HicZZBNT8JAEIan+IX1C/XoZSM9mBhJ60GvGC8e0QiYUCDbZSwb2t1md6qShhiv/ib/iFev+iNE9IK8pycz8yZPJsoSacn3353S0vLK6lp53d3Y3NreqezutazOjcCm0Ik2dxG3mEiFTZKU4F1mkKdRgu1odPmzbz+gsVKrWxpn2E15rOS9FJymo36lFSot1QAVuV54I+MhcWP0o8e8cIRUYO+YYe9k4rFHSUOdE8uGmrSyTFqmNDHOYp7HyKR64EZyRcwSJ+xXqn7Nn4UtQvAH1XoZZmn0KyIcaJGnUxGRcGs7gZ9Rt+CGpEhw4oa5xYyLEY+xEGlkfkznpp0pKp6i7Razr8xXkpzGE3dqFfx3WITWaS04q51dn1brF796UIYDOIQjCOAc6nAFDWiCgDf4gE/4cm6cJ+fZefk9LTl/nX2Yi/P6DY+Rg4o=</latexit>

→ |e+e→↑ without photons is not a gauge invariant state

<latexit sha1_base64="MKmh0RBXS+qIuu6hm8Zzq93JScc="></latexit>

Can we obtain a pricipled understanding of the relation between

‘parton’ states and initial/final states in experiments?





The SM is not Boring



The SM is not Boring
<latexit sha1_base64="ul5LcxX+Bg4Ud755yD9Ew72v8AY=">AAAB5XicZZC7TgJBFIbP4A3X26qlzUQaC0N2KbDF2NiYYAQhYQmZnT0sE2ZnNzOzJkh4BDtj6zNZ+iS2LpeYIH/15dz+PyfMpDDW875JaWt7Z3evvO8cHB4dn7inZ88mzTXHNk9lqrshMyiFwrYVVmI308iSUGInHN/N+50X1EakqmUnGfYTFisxFJzZojRwx0GIsVBTYTERrzhzgjk5rRHSpwc6YoYyGhcHLY2QSZoOKdOhsJrpwtCYa8pURIWhDpfItJw4QeAIxdMkk2jRCVBFf7cHbsWregvRTfBXUGmUYaHmwOVBlPI8QWW5ZMb0fC+z/SnTVhR2RdbcYMb4mMU45UmoRTyya9VegYolaPrTxavWV2RuJzOnSOX/z7AJz7WqX6/WH2uVxu0yHpThAi7hCny4gQbcQxPawOELfggQQmLyRt7Jx3K0RFY757Am8vkLSH2J6A==</latexit>

• The SM has a great deal of arbitrariness, and is clearly
incomplete

<latexit sha1_base64="Llx7SNMuAPkN/1OKHJkDIgZa4i4=">AAABunicdY89T8MwEIYv5auErwAjS0QXhhI5GUIrMQTBwFgk+iG1VeW4brFiO5HtIEVV/w6/hhUk/g1pWoYOvMs9urtX712ccaYNQj9WbWd3b/+gfmgfHZ+cnjnnFz2d5orQLkl5qgYx1pQzSbuGGU4HmaJYxJz24+RxNe+/U6VZKl9NkdGxwHPJZoxgU7YmTjSSKZNTKo39hFXiCmwMVc1NvcXSsDW6WBdCUKOKpsvkjFd+z/MmTgN5qFQYuivwW8gvod1uBUHb9asRQo2oDpU6E4eMpinJRRlJONZ66KPMjBdYGUY4XdqjXNMMkwTP6YKIWLH5m9nqDkuUWFA9XlT/b1t4boqlXV71F+3+D73A80MvfAka0cP6PKjDFVzDDfhwBxE8Qwe6QOADPuELvq17K7aYlaxXa9bGcwlbsswvfcx7kA==</latexit>

Dark matter, matter-antimatter asymmetry, inflation...



The SM is not Boring

<latexit sha1_base64="w4OSPyKpQaRaZ5vncC969J2J1eM=">AAABwXicZZC7TsNAEEXH4RXMy0BJY5GGKrJThDaQAsogkYcUR9F6M5hVdtfW7hgpWPkkvoYKCf4F5yGkkFsd3Zk7upo4k8JSEHw5lZ3dvf2D6qF7dHxyeuadX/RsmhuOXZ7K1AxiZlEKjV0SJHGQGWQqltiPp+3FvP+GxopUP9Msw5FiiRYvgjMqrbH3EMWYCF0IQiXece5GC3Lvc/J5qjKJJHTiC/ItorI+pX5cnp+Wjhuhnvzlxl4tqAdL+dsQrqHWqsJSnbHHo0nKc4WauGTWDsMgo1HBDAkuFz1yixnjU5ZgwVVsRPJKG+6wRM0U2lGxfMNmROY0m7tlq/B/h23oNephs958atRad6t6UIUruIYbCOEWWvAIHegChw/4hG/4cdqOcDLHrFYrzjpzCRtyil832X6Y</latexit>

• But completing it seems to break it

<latexit sha1_base64="ul5LcxX+Bg4Ud755yD9Ew72v8AY=">AAAB5XicZZC7TgJBFIbP4A3X26qlzUQaC0N2KbDF2NiYYAQhYQmZnT0sE2ZnNzOzJkh4BDtj6zNZ+iS2LpeYIH/15dz+PyfMpDDW875JaWt7Z3evvO8cHB4dn7inZ88mzTXHNk9lqrshMyiFwrYVVmI308iSUGInHN/N+50X1EakqmUnGfYTFisxFJzZojRwx0GIsVBTYTERrzhzgjk5rRHSpwc6YoYyGhcHLY2QSZoOKdOhsJrpwtCYa8pURIWhDpfItJw4QeAIxdMkk2jRCVBFf7cHbsWregvRTfBXUGmUYaHmwOVBlPI8QWW5ZMb0fC+z/SnTVhR2RdbcYMb4mMU45UmoRTyya9VegYolaPrTxavWV2RuJzOnSOX/z7AJz7WqX6/WH2uVxu0yHpThAi7hCny4gQbcQxPawOELfggQQmLyRt7Jx3K0RFY757Am8vkLSH2J6A==</latexit>

• The SM has a great deal of arbitrariness, and is clearly
incomplete

<latexit sha1_base64="Llx7SNMuAPkN/1OKHJkDIgZa4i4=">AAABunicdY89T8MwEIYv5auErwAjS0QXhhI5GUIrMQTBwFgk+iG1VeW4brFiO5HtIEVV/w6/hhUk/g1pWoYOvMs9urtX712ccaYNQj9WbWd3b/+gfmgfHZ+cnjnnFz2d5orQLkl5qgYx1pQzSbuGGU4HmaJYxJz24+RxNe+/U6VZKl9NkdGxwHPJZoxgU7YmTjSSKZNTKo39hFXiCmwMVc1NvcXSsDW6WBdCUKOKpsvkjFd+z/MmTgN5qFQYuivwW8gvod1uBUHb9asRQo2oDpU6E4eMpinJRRlJONZ66KPMjBdYGUY4XdqjXNMMkwTP6YKIWLH5m9nqDkuUWFA9XlT/b1t4boqlXV71F+3+D73A80MvfAka0cP6PKjDFVzDDfhwBxE8Qwe6QOADPuELvq17K7aYlaxXa9bGcwlbsswvfcx7kA==</latexit>

Dark matter, matter-antimatter asymmetry, inflation...



The SM is not Boring

<latexit sha1_base64="w4OSPyKpQaRaZ5vncC969J2J1eM=">AAABwXicZZC7TsNAEEXH4RXMy0BJY5GGKrJThDaQAsogkYcUR9F6M5hVdtfW7hgpWPkkvoYKCf4F5yGkkFsd3Zk7upo4k8JSEHw5lZ3dvf2D6qF7dHxyeuadX/RsmhuOXZ7K1AxiZlEKjV0SJHGQGWQqltiPp+3FvP+GxopUP9Msw5FiiRYvgjMqrbH3EMWYCF0IQiXece5GC3Lvc/J5qjKJJHTiC/ItorI+pX5cnp+Wjhuhnvzlxl4tqAdL+dsQrqHWqsJSnbHHo0nKc4WauGTWDsMgo1HBDAkuFz1yixnjU5ZgwVVsRPJKG+6wRM0U2lGxfMNmROY0m7tlq/B/h23oNephs958atRad6t6UIUruIYbCOEWWvAIHegChw/4hG/4cdqOcDLHrFYrzjpzCRtyil832X6Y</latexit>

• But completing it seems to break it

<latexit sha1_base64="ul5LcxX+Bg4Ud755yD9Ew72v8AY=">AAAB5XicZZC7TgJBFIbP4A3X26qlzUQaC0N2KbDF2NiYYAQhYQmZnT0sE2ZnNzOzJkh4BDtj6zNZ+iS2LpeYIH/15dz+PyfMpDDW875JaWt7Z3evvO8cHB4dn7inZ88mzTXHNk9lqrshMyiFwrYVVmI308iSUGInHN/N+50X1EakqmUnGfYTFisxFJzZojRwx0GIsVBTYTERrzhzgjk5rRHSpwc6YoYyGhcHLY2QSZoOKdOhsJrpwtCYa8pURIWhDpfItJw4QeAIxdMkk2jRCVBFf7cHbsWregvRTfBXUGmUYaHmwOVBlPI8QWW5ZMb0fC+z/SnTVhR2RdbcYMb4mMU45UmoRTyya9VegYolaPrTxavWV2RuJzOnSOX/z7AJz7WqX6/WH2uVxu0yHpThAi7hCny4gQbcQxPawOELfggQQmLyRt7Jx3K0RFY757Am8vkLSH2J6A==</latexit>

• The SM has a great deal of arbitrariness, and is clearly
incomplete

<latexit sha1_base64="Llx7SNMuAPkN/1OKHJkDIgZa4i4=">AAABunicdY89T8MwEIYv5auErwAjS0QXhhI5GUIrMQTBwFgk+iG1VeW4brFiO5HtIEVV/w6/hhUk/g1pWoYOvMs9urtX712ccaYNQj9WbWd3b/+gfmgfHZ+cnjnnFz2d5orQLkl5qgYx1pQzSbuGGU4HmaJYxJz24+RxNe+/U6VZKl9NkdGxwHPJZoxgU7YmTjSSKZNTKo39hFXiCmwMVc1NvcXSsDW6WBdCUKOKpsvkjFd+z/MmTgN5qFQYuivwW8gvod1uBUHb9asRQo2oDpU6E4eMpinJRRlJONZ66KPMjBdYGUY4XdqjXNMMkwTP6YKIWLH5m9nqDkuUWFA9XlT/b1t4boqlXV71F+3+D73A80MvfAka0cP6PKjDFVzDDfhwBxE8Qwe6QOADPuELvq17K7aYlaxXa9bGcwlbsswvfcx7kA==</latexit>

Dark matter, matter-antimatter asymmetry, inflation...

<latexit sha1_base64="TZ8m9BbJSXAqoOOYKWoqxADstNI=">AAABv3icdVBLT8JAGPyKL6yvqkcvG+FgPJBtDxU8QYzGiwlGeSSAZLssZWW723S3JITwi/w1HtU/Y6l64OCcJt/MZCZfEAuuDcYfVmFjc2t7p7hr7+0fHB45xydtrdKEshZVQiXdgGgmuGQtw41g3ThhJAoE6wTTm5XembFEcyWfzTxmg4iEko85JSY7DZ3bvlRcjpg09p0gM5Vco6cHNCEavabaIDNhKOHhxCASqVQapMZonPtQkNVMuQzLL5floVPCFZzB99GKuFXsZqRWq3peDbm5hHGpXoQczaFD+yNF0yjrpYJo3XNxbAYLkhhOBVva/VSzmNApCdmCRkE+Ye3ay6gkEdODRf6E9YhIzXxpZ6v+qtH/pO1VXL/iP3qleuNnHhThDM7hAly4gjrcQxNaQOEN3uETvqyGFVrSin+sBes3cwprsObfVbt8eg==</latexit>

Flavor: SM has just the right amount of flavor breaking→



The SM is not Boring

<latexit sha1_base64="w4OSPyKpQaRaZ5vncC969J2J1eM=">AAABwXicZZC7TsNAEEXH4RXMy0BJY5GGKrJThDaQAsogkYcUR9F6M5hVdtfW7hgpWPkkvoYKCf4F5yGkkFsd3Zk7upo4k8JSEHw5lZ3dvf2D6qF7dHxyeuadX/RsmhuOXZ7K1AxiZlEKjV0SJHGQGWQqltiPp+3FvP+GxopUP9Msw5FiiRYvgjMqrbH3EMWYCF0IQiXece5GC3Lvc/J5qjKJJHTiC/ItorI+pX5cnp+Wjhuhnvzlxl4tqAdL+dsQrqHWqsJSnbHHo0nKc4WauGTWDsMgo1HBDAkuFz1yixnjU5ZgwVVsRPJKG+6wRM0U2lGxfMNmROY0m7tlq/B/h23oNephs958atRad6t6UIUruIYbCOEWWvAIHegChw/4hG/4cdqOcDLHrFYrzjpzCRtyil832X6Y</latexit>

• But completing it seems to break it

<latexit sha1_base64="ul5LcxX+Bg4Ud755yD9Ew72v8AY=">AAAB5XicZZC7TgJBFIbP4A3X26qlzUQaC0N2KbDF2NiYYAQhYQmZnT0sE2ZnNzOzJkh4BDtj6zNZ+iS2LpeYIH/15dz+PyfMpDDW875JaWt7Z3evvO8cHB4dn7inZ88mzTXHNk9lqrshMyiFwrYVVmI308iSUGInHN/N+50X1EakqmUnGfYTFisxFJzZojRwx0GIsVBTYTERrzhzgjk5rRHSpwc6YoYyGhcHLY2QSZoOKdOhsJrpwtCYa8pURIWhDpfItJw4QeAIxdMkk2jRCVBFf7cHbsWregvRTfBXUGmUYaHmwOVBlPI8QWW5ZMb0fC+z/SnTVhR2RdbcYMb4mMU45UmoRTyya9VegYolaPrTxavWV2RuJzOnSOX/z7AJz7WqX6/WH2uVxu0yHpThAi7hCny4gQbcQxPawOELfggQQmLyRt7Jx3K0RFY757Am8vkLSH2J6A==</latexit>

• The SM has a great deal of arbitrariness, and is clearly
incomplete

<latexit sha1_base64="Llx7SNMuAPkN/1OKHJkDIgZa4i4=">AAABunicdY89T8MwEIYv5auErwAjS0QXhhI5GUIrMQTBwFgk+iG1VeW4brFiO5HtIEVV/w6/hhUk/g1pWoYOvMs9urtX712ccaYNQj9WbWd3b/+gfmgfHZ+cnjnnFz2d5orQLkl5qgYx1pQzSbuGGU4HmaJYxJz24+RxNe+/U6VZKl9NkdGxwHPJZoxgU7YmTjSSKZNTKo39hFXiCmwMVc1NvcXSsDW6WBdCUKOKpsvkjFd+z/MmTgN5qFQYuivwW8gvod1uBUHb9asRQo2oDpU6E4eMpinJRRlJONZ66KPMjBdYGUY4XdqjXNMMkwTP6YKIWLH5m9nqDkuUWFA9XlT/b1t4boqlXV71F+3+D73A80MvfAka0cP6PKjDFVzDDfhwBxE8Qwe6QOADPuELvq17K7aYlaxXa9bGcwlbsswvfcx7kA==</latexit>

Dark matter, matter-antimatter asymmetry, inflation...

<latexit sha1_base64="TZ8m9BbJSXAqoOOYKWoqxADstNI=">AAABv3icdVBLT8JAGPyKL6yvqkcvG+FgPJBtDxU8QYzGiwlGeSSAZLssZWW723S3JITwi/w1HtU/Y6l64OCcJt/MZCZfEAuuDcYfVmFjc2t7p7hr7+0fHB45xydtrdKEshZVQiXdgGgmuGQtw41g3ThhJAoE6wTTm5XembFEcyWfzTxmg4iEko85JSY7DZ3bvlRcjpg09p0gM5Vco6cHNCEavabaIDNhKOHhxCASqVQapMZonPtQkNVMuQzLL5floVPCFZzB99GKuFXsZqRWq3peDbm5hHGpXoQczaFD+yNF0yjrpYJo3XNxbAYLkhhOBVva/VSzmNApCdmCRkE+Ye3ay6gkEdODRf6E9YhIzXxpZ6v+qtH/pO1VXL/iP3qleuNnHhThDM7hAly4gjrcQxNaQOEN3uETvqyGFVrSin+sBes3cwprsObfVbt8eg==</latexit>

Flavor: SM has just the right amount of flavor breaking→

<latexit sha1_base64="9VJlq2uKNe8qr+FyaqraVqcoRWU=">AAABqHicdU/LTsJAFL3FF9ZX1aWbRlgYFs20iwqJCxJi4rIm8jCAZDoMZcJ0ppmZGgnhL/wat/oT/o0FdMHCszq55557zo0zzrRB6Nsq7ezu7R+UD+2j45PTM+f8oqNlrghtE8ml6sVYU84EbRtmOO1liuI05rQbz1orvftKlWZSPJl5RocpTgSbMIJNMRo53kBIJsZUGLv6UqvevxGaGXcilWum1NVGSZG4rcjNlCxOpiOngjxUIAzdFfHryC9Io1EPgobrryWEKs0yrBGNHDIYS5KnRQDhWOu+jzIzXGBlGOF0aQ9yTTNMZjihC5LGiiVTszXtF1TglOrhYv3ttoXnZr60i1Z/0e7/pBN4fuiFj0GlebepB2W4gmu4AR9uoQkPEEEbCLzDB3zCl1WzIqtrPW9WS9av5xK2YMU/JNxzRg==</latexit>→Except for the strong CP problem



The SM is not Boring

<latexit sha1_base64="w4OSPyKpQaRaZ5vncC969J2J1eM=">AAABwXicZZC7TsNAEEXH4RXMy0BJY5GGKrJThDaQAsogkYcUR9F6M5hVdtfW7hgpWPkkvoYKCf4F5yGkkFsd3Zk7upo4k8JSEHw5lZ3dvf2D6qF7dHxyeuadX/RsmhuOXZ7K1AxiZlEKjV0SJHGQGWQqltiPp+3FvP+GxopUP9Msw5FiiRYvgjMqrbH3EMWYCF0IQiXece5GC3Lvc/J5qjKJJHTiC/ItorI+pX5cnp+Wjhuhnvzlxl4tqAdL+dsQrqHWqsJSnbHHo0nKc4WauGTWDsMgo1HBDAkuFz1yixnjU5ZgwVVsRPJKG+6wRM0U2lGxfMNmROY0m7tlq/B/h23oNephs958atRad6t6UIUruIYbCOEWWvAIHegChw/4hG/4cdqOcDLHrFYrzjpzCRtyil832X6Y</latexit>

• But completing it seems to break it

<latexit sha1_base64="ul5LcxX+Bg4Ud755yD9Ew72v8AY=">AAAB5XicZZC7TgJBFIbP4A3X26qlzUQaC0N2KbDF2NiYYAQhYQmZnT0sE2ZnNzOzJkh4BDtj6zNZ+iS2LpeYIH/15dz+PyfMpDDW875JaWt7Z3evvO8cHB4dn7inZ88mzTXHNk9lqrshMyiFwrYVVmI308iSUGInHN/N+50X1EakqmUnGfYTFisxFJzZojRwx0GIsVBTYTERrzhzgjk5rRHSpwc6YoYyGhcHLY2QSZoOKdOhsJrpwtCYa8pURIWhDpfItJw4QeAIxdMkk2jRCVBFf7cHbsWregvRTfBXUGmUYaHmwOVBlPI8QWW5ZMb0fC+z/SnTVhR2RdbcYMb4mMU45UmoRTyya9VegYolaPrTxavWV2RuJzOnSOX/z7AJz7WqX6/WH2uVxu0yHpThAi7hCny4gQbcQxPawOELfggQQmLyRt7Jx3K0RFY757Am8vkLSH2J6A==</latexit>

• The SM has a great deal of arbitrariness, and is clearly
incomplete

<latexit sha1_base64="Llx7SNMuAPkN/1OKHJkDIgZa4i4=">AAABunicdY89T8MwEIYv5auErwAjS0QXhhI5GUIrMQTBwFgk+iG1VeW4brFiO5HtIEVV/w6/hhUk/g1pWoYOvMs9urtX712ccaYNQj9WbWd3b/+gfmgfHZ+cnjnnFz2d5orQLkl5qgYx1pQzSbuGGU4HmaJYxJz24+RxNe+/U6VZKl9NkdGxwHPJZoxgU7YmTjSSKZNTKo39hFXiCmwMVc1NvcXSsDW6WBdCUKOKpsvkjFd+z/MmTgN5qFQYuivwW8gvod1uBUHb9asRQo2oDpU6E4eMpinJRRlJONZ66KPMjBdYGUY4XdqjXNMMkwTP6YKIWLH5m9nqDkuUWFA9XlT/b1t4boqlXV71F+3+D73A80MvfAka0cP6PKjDFVzDDfhwBxE8Qwe6QOADPuELvq17K7aYlaxXa9bGcwlbsswvfcx7kA==</latexit>

Dark matter, matter-antimatter asymmetry, inflation...

<latexit sha1_base64="TZ8m9BbJSXAqoOOYKWoqxADstNI=">AAABv3icdVBLT8JAGPyKL6yvqkcvG+FgPJBtDxU8QYzGiwlGeSSAZLssZWW723S3JITwi/w1HtU/Y6l64OCcJt/MZCZfEAuuDcYfVmFjc2t7p7hr7+0fHB45xydtrdKEshZVQiXdgGgmuGQtw41g3ThhJAoE6wTTm5XembFEcyWfzTxmg4iEko85JSY7DZ3bvlRcjpg09p0gM5Vco6cHNCEavabaIDNhKOHhxCASqVQapMZonPtQkNVMuQzLL5floVPCFZzB99GKuFXsZqRWq3peDbm5hHGpXoQczaFD+yNF0yjrpYJo3XNxbAYLkhhOBVva/VSzmNApCdmCRkE+Ye3ay6gkEdODRf6E9YhIzXxpZ6v+qtH/pO1VXL/iP3qleuNnHhThDM7hAly4gjrcQxNaQOEN3uETvqyGFVrSin+sBes3cwprsObfVbt8eg==</latexit>

Flavor: SM has just the right amount of flavor breaking→

<latexit sha1_base64="9VJlq2uKNe8qr+FyaqraVqcoRWU=">AAABqHicdU/LTsJAFL3FF9ZX1aWbRlgYFs20iwqJCxJi4rIm8jCAZDoMZcJ0ppmZGgnhL/wat/oT/o0FdMHCszq55557zo0zzrRB6Nsq7ezu7R+UD+2j45PTM+f8oqNlrghtE8ml6sVYU84EbRtmOO1liuI05rQbz1orvftKlWZSPJl5RocpTgSbMIJNMRo53kBIJsZUGLv6UqvevxGaGXcilWum1NVGSZG4rcjNlCxOpiOngjxUIAzdFfHryC9Io1EPgobrryWEKs0yrBGNHDIYS5KnRQDhWOu+jzIzXGBlGOF0aQ9yTTNMZjihC5LGiiVTszXtF1TglOrhYv3ttoXnZr60i1Z/0e7/pBN4fuiFj0GlebepB2W4gmu4AR9uoQkPEEEbCLzDB3zCl1WzIqtrPW9WS9av5xK2YMU/JNxzRg==</latexit>→Except for the strong CP problem

<latexit sha1_base64="jxyQWJgI0vry8oB3/POmU+yq/pA=">AAABj3icdU+7TsNAENwLr2BeDoiKJiINVXR24cQNMqKBBgWJPKQkis6XJZxyPlt3Z6TIysfQwhfxNzgJFCmYajSzszsbZ1IYS+k3qezs7u0fVA+do+OT0zO3dt4zaa45dnkqUz2ImUEpFHatsBIHmUaWxBL78fx+5fffURuRqhe7yHCcsJkSr4IzW0oT93KkUqGmqKzzxGyumVRozMRt0CYtEQT1FfHa1CtJGLZ9P6x7a4vSRlSFNToTl4+mKc+Tcg+XzJihRzM7Lpi2gktcOqPcYMb4nM2w4EmsxezNbqnDkiqWoBkX66e2IzK3i6VTtvo7Xf+f9PymFzSDZ78R3W3qQRWu4BpuwIMWRPAAHegChwI+4BO+SI20yC2JNqMV8pu5gC2Qxx/bvWpf</latexit>

Naturalness



The SM is not Boring

<latexit sha1_base64="w4OSPyKpQaRaZ5vncC969J2J1eM=">AAABwXicZZC7TsNAEEXH4RXMy0BJY5GGKrJThDaQAsogkYcUR9F6M5hVdtfW7hgpWPkkvoYKCf4F5yGkkFsd3Zk7upo4k8JSEHw5lZ3dvf2D6qF7dHxyeuadX/RsmhuOXZ7K1AxiZlEKjV0SJHGQGWQqltiPp+3FvP+GxopUP9Msw5FiiRYvgjMqrbH3EMWYCF0IQiXece5GC3Lvc/J5qjKJJHTiC/ItorI+pX5cnp+Wjhuhnvzlxl4tqAdL+dsQrqHWqsJSnbHHo0nKc4WauGTWDsMgo1HBDAkuFz1yixnjU5ZgwVVsRPJKG+6wRM0U2lGxfMNmROY0m7tlq/B/h23oNephs958atRad6t6UIUruIYbCOEWWvAIHegChw/4hG/4cdqOcDLHrFYrzjpzCRtyil832X6Y</latexit>

• But completing it seems to break it

<latexit sha1_base64="ul5LcxX+Bg4Ud755yD9Ew72v8AY=">AAAB5XicZZC7TgJBFIbP4A3X26qlzUQaC0N2KbDF2NiYYAQhYQmZnT0sE2ZnNzOzJkh4BDtj6zNZ+iS2LpeYIH/15dz+PyfMpDDW875JaWt7Z3evvO8cHB4dn7inZ88mzTXHNk9lqrshMyiFwrYVVmI308iSUGInHN/N+50X1EakqmUnGfYTFisxFJzZojRwx0GIsVBTYTERrzhzgjk5rRHSpwc6YoYyGhcHLY2QSZoOKdOhsJrpwtCYa8pURIWhDpfItJw4QeAIxdMkk2jRCVBFf7cHbsWregvRTfBXUGmUYaHmwOVBlPI8QWW5ZMb0fC+z/SnTVhR2RdbcYMb4mMU45UmoRTyya9VegYolaPrTxavWV2RuJzOnSOX/z7AJz7WqX6/WH2uVxu0yHpThAi7hCny4gQbcQxPawOELfggQQmLyRt7Jx3K0RFY757Am8vkLSH2J6A==</latexit>

• The SM has a great deal of arbitrariness, and is clearly
incomplete

<latexit sha1_base64="Llx7SNMuAPkN/1OKHJkDIgZa4i4=">AAABunicdY89T8MwEIYv5auErwAjS0QXhhI5GUIrMQTBwFgk+iG1VeW4brFiO5HtIEVV/w6/hhUk/g1pWoYOvMs9urtX712ccaYNQj9WbWd3b/+gfmgfHZ+cnjnnFz2d5orQLkl5qgYx1pQzSbuGGU4HmaJYxJz24+RxNe+/U6VZKl9NkdGxwHPJZoxgU7YmTjSSKZNTKo39hFXiCmwMVc1NvcXSsDW6WBdCUKOKpsvkjFd+z/MmTgN5qFQYuivwW8gvod1uBUHb9asRQo2oDpU6E4eMpinJRRlJONZ66KPMjBdYGUY4XdqjXNMMkwTP6YKIWLH5m9nqDkuUWFA9XlT/b1t4boqlXV71F+3+D73A80MvfAka0cP6PKjDFVzDDfhwBxE8Qwe6QOADPuELvq17K7aYlaxXa9bGcwlbsswvfcx7kA==</latexit>

Dark matter, matter-antimatter asymmetry, inflation...

<latexit sha1_base64="TZ8m9BbJSXAqoOOYKWoqxADstNI=">AAABv3icdVBLT8JAGPyKL6yvqkcvG+FgPJBtDxU8QYzGiwlGeSSAZLssZWW723S3JITwi/w1HtU/Y6l64OCcJt/MZCZfEAuuDcYfVmFjc2t7p7hr7+0fHB45xydtrdKEshZVQiXdgGgmuGQtw41g3ThhJAoE6wTTm5XembFEcyWfzTxmg4iEko85JSY7DZ3bvlRcjpg09p0gM5Vco6cHNCEavabaIDNhKOHhxCASqVQapMZonPtQkNVMuQzLL5floVPCFZzB99GKuFXsZqRWq3peDbm5hHGpXoQczaFD+yNF0yjrpYJo3XNxbAYLkhhOBVva/VSzmNApCdmCRkE+Ye3ay6gkEdODRf6E9YhIzXxpZ6v+qtH/pO1VXL/iP3qleuNnHhThDM7hAly4gjrcQxNaQOEN3uETvqyGFVrSin+sBes3cwprsObfVbt8eg==</latexit>

Flavor: SM has just the right amount of flavor breaking→

<latexit sha1_base64="9VJlq2uKNe8qr+FyaqraVqcoRWU=">AAABqHicdU/LTsJAFL3FF9ZX1aWbRlgYFs20iwqJCxJi4rIm8jCAZDoMZcJ0ppmZGgnhL/wat/oT/o0FdMHCszq55557zo0zzrRB6Nsq7ezu7R+UD+2j45PTM+f8oqNlrghtE8ml6sVYU84EbRtmOO1liuI05rQbz1orvftKlWZSPJl5RocpTgSbMIJNMRo53kBIJsZUGLv6UqvevxGaGXcilWum1NVGSZG4rcjNlCxOpiOngjxUIAzdFfHryC9Io1EPgobrryWEKs0yrBGNHDIYS5KnRQDhWOu+jzIzXGBlGOF0aQ9yTTNMZjihC5LGiiVTszXtF1TglOrhYv3ttoXnZr60i1Z/0e7/pBN4fuiFj0GlebepB2W4gmu4AR9uoQkPEEEbCLzDB3zCl1WzIqtrPW9WS9av5xK2YMU/JNxzRg==</latexit>→Except for the strong CP problem

<latexit sha1_base64="jxyQWJgI0vry8oB3/POmU+yq/pA=">AAABj3icdU+7TsNAENwLr2BeDoiKJiINVXR24cQNMqKBBgWJPKQkis6XJZxyPlt3Z6TIysfQwhfxNzgJFCmYajSzszsbZ1IYS+k3qezs7u0fVA+do+OT0zO3dt4zaa45dnkqUz2ImUEpFHatsBIHmUaWxBL78fx+5fffURuRqhe7yHCcsJkSr4IzW0oT93KkUqGmqKzzxGyumVRozMRt0CYtEQT1FfHa1CtJGLZ9P6x7a4vSRlSFNToTl4+mKc+Tcg+XzJihRzM7Lpi2gktcOqPcYMb4nM2w4EmsxezNbqnDkiqWoBkX66e2IzK3i6VTtvo7Xf+f9PymFzSDZ78R3W3qQRWu4BpuwIMWRPAAHegChwI+4BO+SI20yC2JNqMV8pu5gC2Qxx/bvWpf</latexit>

Naturalness



The SM is not Boring

<latexit sha1_base64="w4OSPyKpQaRaZ5vncC969J2J1eM=">AAABwXicZZC7TsNAEEXH4RXMy0BJY5GGKrJThDaQAsogkYcUR9F6M5hVdtfW7hgpWPkkvoYKCf4F5yGkkFsd3Zk7upo4k8JSEHw5lZ3dvf2D6qF7dHxyeuadX/RsmhuOXZ7K1AxiZlEKjV0SJHGQGWQqltiPp+3FvP+GxopUP9Msw5FiiRYvgjMqrbH3EMWYCF0IQiXece5GC3Lvc/J5qjKJJHTiC/ItorI+pX5cnp+Wjhuhnvzlxl4tqAdL+dsQrqHWqsJSnbHHo0nKc4WauGTWDsMgo1HBDAkuFz1yixnjU5ZgwVVsRPJKG+6wRM0U2lGxfMNmROY0m7tlq/B/h23oNephs958atRad6t6UIUruIYbCOEWWvAIHegChw/4hG/4cdqOcDLHrFYrzjpzCRtyil832X6Y</latexit>

• But completing it seems to break it

<latexit sha1_base64="ul5LcxX+Bg4Ud755yD9Ew72v8AY=">AAAB5XicZZC7TgJBFIbP4A3X26qlzUQaC0N2KbDF2NiYYAQhYQmZnT0sE2ZnNzOzJkh4BDtj6zNZ+iS2LpeYIH/15dz+PyfMpDDW875JaWt7Z3evvO8cHB4dn7inZ88mzTXHNk9lqrshMyiFwrYVVmI308iSUGInHN/N+50X1EakqmUnGfYTFisxFJzZojRwx0GIsVBTYTERrzhzgjk5rRHSpwc6YoYyGhcHLY2QSZoOKdOhsJrpwtCYa8pURIWhDpfItJw4QeAIxdMkk2jRCVBFf7cHbsWregvRTfBXUGmUYaHmwOVBlPI8QWW5ZMb0fC+z/SnTVhR2RdbcYMb4mMU45UmoRTyya9VegYolaPrTxavWV2RuJzOnSOX/z7AJz7WqX6/WH2uVxu0yHpThAi7hCny4gQbcQxPawOELfggQQmLyRt7Jx3K0RFY757Am8vkLSH2J6A==</latexit>

• The SM has a great deal of arbitrariness, and is clearly
incomplete

<latexit sha1_base64="Llx7SNMuAPkN/1OKHJkDIgZa4i4=">AAABunicdY89T8MwEIYv5auErwAjS0QXhhI5GUIrMQTBwFgk+iG1VeW4brFiO5HtIEVV/w6/hhUk/g1pWoYOvMs9urtX712ccaYNQj9WbWd3b/+gfmgfHZ+cnjnnFz2d5orQLkl5qgYx1pQzSbuGGU4HmaJYxJz24+RxNe+/U6VZKl9NkdGxwHPJZoxgU7YmTjSSKZNTKo39hFXiCmwMVc1NvcXSsDW6WBdCUKOKpsvkjFd+z/MmTgN5qFQYuivwW8gvod1uBUHb9asRQo2oDpU6E4eMpinJRRlJONZ66KPMjBdYGUY4XdqjXNMMkwTP6YKIWLH5m9nqDkuUWFA9XlT/b1t4boqlXV71F+3+D73A80MvfAka0cP6PKjDFVzDDfhwBxE8Qwe6QOADPuELvq17K7aYlaxXa9bGcwlbsswvfcx7kA==</latexit>

Dark matter, matter-antimatter asymmetry, inflation...

<latexit sha1_base64="TZ8m9BbJSXAqoOOYKWoqxADstNI=">AAABv3icdVBLT8JAGPyKL6yvqkcvG+FgPJBtDxU8QYzGiwlGeSSAZLssZWW723S3JITwi/w1HtU/Y6l64OCcJt/MZCZfEAuuDcYfVmFjc2t7p7hr7+0fHB45xydtrdKEshZVQiXdgGgmuGQtw41g3ThhJAoE6wTTm5XembFEcyWfzTxmg4iEko85JSY7DZ3bvlRcjpg09p0gM5Vco6cHNCEavabaIDNhKOHhxCASqVQapMZonPtQkNVMuQzLL5floVPCFZzB99GKuFXsZqRWq3peDbm5hHGpXoQczaFD+yNF0yjrpYJo3XNxbAYLkhhOBVva/VSzmNApCdmCRkE+Ye3ay6gkEdODRf6E9YhIzXxpZ6v+qtH/pO1VXL/iP3qleuNnHhThDM7hAly4gjrcQxNaQOEN3uETvqyGFVrSin+sBes3cwprsObfVbt8eg==</latexit>

Flavor: SM has just the right amount of flavor breaking→

<latexit sha1_base64="9VJlq2uKNe8qr+FyaqraVqcoRWU=">AAABqHicdU/LTsJAFL3FF9ZX1aWbRlgYFs20iwqJCxJi4rIm8jCAZDoMZcJ0ppmZGgnhL/wat/oT/o0FdMHCszq55557zo0zzrRB6Nsq7ezu7R+UD+2j45PTM+f8oqNlrghtE8ml6sVYU84EbRtmOO1liuI05rQbz1orvftKlWZSPJl5RocpTgSbMIJNMRo53kBIJsZUGLv6UqvevxGaGXcilWum1NVGSZG4rcjNlCxOpiOngjxUIAzdFfHryC9Io1EPgobrryWEKs0yrBGNHDIYS5KnRQDhWOu+jzIzXGBlGOF0aQ9yTTNMZjihC5LGiiVTszXtF1TglOrhYv3ttoXnZr60i1Z/0e7/pBN4fuiFj0GlebepB2W4gmu4AR9uoQkPEEEbCLzDB3zCl1WzIqtrPW9WS9av5xK2YMU/JNxzRg==</latexit>→Except for the strong CP problem

<latexit sha1_base64="jxyQWJgI0vry8oB3/POmU+yq/pA=">AAABj3icdU+7TsNAENwLr2BeDoiKJiINVXR24cQNMqKBBgWJPKQkis6XJZxyPlt3Z6TIysfQwhfxNzgJFCmYajSzszsbZ1IYS+k3qezs7u0fVA+do+OT0zO3dt4zaa45dnkqUz2ImUEpFHatsBIHmUaWxBL78fx+5fffURuRqhe7yHCcsJkSr4IzW0oT93KkUqGmqKzzxGyumVRozMRt0CYtEQT1FfHa1CtJGLZ9P6x7a4vSRlSFNToTl4+mKc+Tcg+XzJihRzM7Lpi2gktcOqPcYMb4nM2w4EmsxezNbqnDkiqWoBkX66e2IzK3i6VTtvo7Xf+f9PymFzSDZ78R3W3qQRWu4BpuwIMWRPAAHegChwI+4BO+SI20yC2JNqMV8pu5gC2Qxx/bvWpf</latexit>

Naturalness
<latexit sha1_base64="q5kJHemh07GM2OH+LsS0nIyTK4M=">AAABmXicdU+7TgJBFL2LL1xfq5YUbqSx2swOuGgHoSFWGOWRACGzw4gTZmc2M7MmhFD6Nbb6Mf6NC2hB4alOzr3n3HPjVHBjEfp2Cju7e/sHxUP36Pjk9Mw7v+galWnKOlQJpfsxMUxwyTqWW8H6qWYkiQXrxbPmat57Y9pwJZ/tPGWjhEwlf+GU2Fwae1dDqbicMGndJhE0EyTmgtu5n2qVZyRjr4yC+7sI32IfBQjVcCVaEVyr4oof5soK5XoR1miPPTqcKJoleSIVxJhBiFI7WhBtORVs6Q4zw1JCZ2TKFjSJNZ++2i11kFNJEmZGi/V72xaR2fnSzVv9nfb/J10chFEQPeJyvbGpB0UowTXcQAg1qEML2tABCu/wAZ/w5ZSchtNyHjarBefXcwlbcJ5+AMfqbo0=</latexit>

Calculability problem



Calculability
<latexit sha1_base64="lZUxboZL7lnu5pv1krhlKJ3zea0=">AAABynicZZC7TsMwFIZPyq2EW4CRJaILA6qSDu1axAADSEXQi9RUleMeglXbiWynqETdeCbeBYkVnoOkrZBK/+nTsc/vTw4TzrTxvE+rtLG5tb1T3rX39g8Oj5zjk46OU0WxTWMeq15INHImsW2Y4dhLFBIRcuyG4+vivDtBpVksn8w0wYEgkWTPjBKTj4ZOKwgxYjJjBgV7w5kdFGTfsAlK9/HeTYgiAk3ecOm+okuJdAUZo5s/MmK06NB2gHL0VzB0Kl7Vm8ddB38JlWYZ5mkNHRqMYpoKlIZyonXf9xIzyIgyjPJCKNWYEDomEWZUhIpFL2Zl2s9R5pJ6kM3/Y3WFp2Y6s3Mr/7/DOnRqVb9erT/UKs2rhR6U4QzO4QJ8aEATbqEFbaDwAV/wDT/WnaWsqZUtrpas5c4prMR6/wXfvYIf</latexit>

• Given SM parameters, we can make predictions



Calculability
<latexit sha1_base64="lZUxboZL7lnu5pv1krhlKJ3zea0=">AAABynicZZC7TsMwFIZPyq2EW4CRJaILA6qSDu1axAADSEXQi9RUleMeglXbiWynqETdeCbeBYkVnoOkrZBK/+nTsc/vTw4TzrTxvE+rtLG5tb1T3rX39g8Oj5zjk46OU0WxTWMeq15INHImsW2Y4dhLFBIRcuyG4+vivDtBpVksn8w0wYEgkWTPjBKTj4ZOKwgxYjJjBgV7w5kdFGTfsAlK9/HeTYgiAk3ecOm+okuJdAUZo5s/MmK06NB2gHL0VzB0Kl7Vm8ddB38JlWYZ5mkNHRqMYpoKlIZyonXf9xIzyIgyjPJCKNWYEDomEWZUhIpFL2Zl2s9R5pJ6kM3/Y3WFp2Y6s3Mr/7/DOnRqVb9erT/UKs2rhR6U4QzO4QJ8aEATbqEFbaDwAV/wDT/WnaWsqZUtrpas5c4prMR6/wXfvYIf</latexit>

• Given SM parameters, we can make predictions
<latexit sha1_base64="zlu2Wpn/0aZwxkaO5/WV4B8F3EY=">AAABpnicZY/NTsJAFIXv+Iv1r+rSTSMbFqZpWeAWY0xcGUwskFCC02GsE6YzdebWhDT4ED6NW30L38YKbJCz+nLuPTfnJrkUFoPgh2xsbm3v7Nb2nP2Dw6Nj9+S0a3VhGI+Yltr0E2q5FIpHKFDyfm44zRLJe8nk5m/ee+PGCq0ecZrzYUZTJZ4Fo1hZI/cyVlqoMVfolLFA79ZP/dm7UMhTQ5F7ukAPde69FtRMRm498IO5vHUIl1Bv12Cuzshl8VizIqvOM0mtHYRBjsOSGhRM8pkTF5bnlE1oykuWJUakL7jiDipUNON2WM5/XY3IAqczp2oV/u+wDt2mH7b81kOz3r5e1IManMMFNCCEK2jDHXQgAgYf8Alf8E0a5J5EpLdY3SDLzBmsiDz9AuQac0E=</latexit>

E.g. integrate out top quark
<latexit sha1_base64="xw+F1QNQkCXUHBSaImYDM+R6OBk=">AAAB8XicZY/LSsNAFIZP6q3GW9Slm8EiVoSSBKkrIeCmK61gL9A0YTKZltCZJGQmQgh9Ap/Anbh17cOIW30P09RFa38Yzsd//jOc48UsEFLXP5XK2vrG5lZ1W93Z3ds/0A6PuiJKE0I7JGJR0vewoCwIaUcGktF+nFDMPUZ73uR21u890UQEUfgos5gOOR6HwSggWBaWq91zt+WYdZun6AZxV16oRTl3TLe16F0ie5Rgkt+5BGWudMxpbjTtOChgFnBMVCSIH0nhajW9oZdCq2D8Qc2qQqm2qz3bfkRSTkNJGBZiYOixHOY4kQFhdKraqaAxJhM8poMCQ8ypGObl4VN0Vjg+GkVJ8UKJSndxImepzJb+yDEXIuPesul5EfOnqlpsb/zfdRW6ZsNoNpoPVzXLmp8BVTiBU6iDAddgQQva0AECH/AF3/CjCOVFeVXe5tGK8jdzDEtS3n8BR+mMXA==</latexit>

m2
H
(µ = mt) = m→2

H
(µ = mt) +

Ncy2t
16ω2

m2
t
+ · · ·

<latexit sha1_base64="qiwWhKx3xaQwN2C7YJHVNNZvJUU=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScBUSkXbjouBGcFO1N2hDmZmehqEzmZCZCCX0CcStPptvY0y7sPaHAz/fufAflkhhrO9/k8rO7t7+QfXQOTo+OT2rnV/0jc5Sjj2upU6HjBqUIsaeFVbiMEmRKiZxwOYPv/3BG6ZG6LhrFwmGikaxmAlObYFe1cROanXf80u52yZYm3q7CqU6k9r7eKp5pjC2XFJjRoGf2DCnqRVc4tIZZwYTyuc0wlFhY6rQhHkZdek2CjJ1ZzotKrZuSf9u5DKzi40bOVXGLBTbhIxpOV06TpE++J912/RvvaDpNZ/v6u371RtQhSu4hhsIoAVteIQO9IBDBB/wCV+kQZ7IC+muRitkvXMJGyLhDyvxcbg=</latexit>

mt

<latexit sha1_base64="6BxS53YKfl5MWNPjv+PvqWA8KGI=">AAABhHicZY/NSsNAFIXvVK0x/kVduhGzcSEhqbRuRAJu3AgVTVtoQplMr3XoZBIyE6GEvoZbfS3fxph2E3tWH+feA+fEmeBKu+4PaW1t77R3jT1z/+Dw6Ng6OR2otMgZBiwVaT6KqULBJQaaa4GjLEeaxAKH8fzh7z78wFzxVL7qRYZRQmeSv3FGdWWFoUy5nKLU5svTxLJdx611sQneGmzfgFr9icXCacqKpIozQZUae26mo5LmmjOBSzMsFGaUzekMS5bEOZ+964Y7rlDSBFVU1kuaEVHoxdKsWnn/O2zCoON4Paf33LH9u1U9MOAcLuEKPLgFHx6hDwEwyOATvuCbtMk1uSHd1WuLrDNn0BC5/wVujWWi</latexit>

SM

<latexit sha1_base64="HEAT+FbJKf4Uq5cAV4RfC+0N2/k=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UZMF24MSZG4ESyI4LKCaQtNKJPpNQ6dTGJmIpTQ53Crj+XbGNNuYs/q49x74JwoE1xpx/khra3tnd22sWfuHxweHXdOTocqLXKGPktFmo8jqlBwib7mWuA4y5EmkcBRNH/4u48+MFc8lS96kWGY0FjyV86orqwwkCmXM5Ta7D52px3LsZ1aF5vgrsHqG1BrMO2wYJayIqnyTFClJq6T6bCkueZM4NIMCoUZZXMaY8mSKOfxm264kwolTVCFZT2lGRGFXizNqpX7v8MmDHu269nec8/q363qgQHncAlX4MIt9OEJBuADg3f4hC/4Jm1yTW6It3ptkXXmDBoi97+CiGWZ</latexit>

E

<latexit sha1_base64="NuNYhKwvqoKmVi3xdBRr9fUBbbs=">AAABo3icdU/LSsNAFL1TXzW+qi7dBEvBVZkUSdtdwE3BTdW+oA1lZjotQyeZkJkIJfQLxK1+m3/jNFWwCw9cOJxzz+VcmkihDcZfqLS3f3B4VD52Tk7Pzi8ql1cDrbKU8T5TUqUjSjSXIuZ9I4zkoyTlJKKSD+nyYeMPX3mqhYp7ZpXwMCKLWMwFI8ZKL9G0M61UcR1b+L67IV4Le5a0261Go+16hYVxNShDge608jaZKZZFPDZMEq3HHk5MmJPUCCb52plkmieELcmCjy2NScR1mBdV127NKjN3rlI7sXEL9W8il5lZ7dzISaT1KqK7IqVKztaOY9v/VnT/J4NG3fPr/tN9NQi2b0AZbuAW7sCDJgTQgS70gcEC3uEDPlENPaJn1NuultBP5hp2gMJvPQNxzQ==</latexit>

mH

<latexit sha1_base64="dxyRvIN5sDYRQNuuno5K2l4tEBA=">AAABpHicdU/LSsNAFL1TXzW+qi7dBIuPVZkUie0u4KYLFxVNW2hrmZlO69CZTMhMhBL6BYJb/TX/xjRVsAsPXDicc8/lXBpLYSzGX6i0sbm1vVPedfb2Dw6PKscnHaPThPGQaamTHiWGSxHx0AoreS9OOFFU8i6d3S397itPjNDRk53HfKjINBITwYhdSupq1BpVqriGc/i+uyReA3s5aTYb9XrT9QoL42pQhgLtUeVtMNYsVTyyTBJj+h6O7TAjiRVM8oUzSA2PCZuRKe/nNCKKm2FWdF24F7kydic6ySeybqH+TWQytfO1GxlRxswVXRcp1XK8cJy8/W9F93/Sqdc8v+Y/3FSDYPUGlOEMzuEaPLiFAFrQhhAYvMA7fMAnukT36BGFq9US+smcwhrQ8zeSqnH+</latexit>

m→
H



Calculability
<latexit sha1_base64="lZUxboZL7lnu5pv1krhlKJ3zea0=">AAABynicZZC7TsMwFIZPyq2EW4CRJaILA6qSDu1axAADSEXQi9RUleMeglXbiWynqETdeCbeBYkVnoOkrZBK/+nTsc/vTw4TzrTxvE+rtLG5tb1T3rX39g8Oj5zjk46OU0WxTWMeq15INHImsW2Y4dhLFBIRcuyG4+vivDtBpVksn8w0wYEgkWTPjBKTj4ZOKwgxYjJjBgV7w5kdFGTfsAlK9/HeTYgiAk3ecOm+okuJdAUZo5s/MmK06NB2gHL0VzB0Kl7Vm8ddB38JlWYZ5mkNHRqMYpoKlIZyonXf9xIzyIgyjPJCKNWYEDomEWZUhIpFL2Zl2s9R5pJ6kM3/Y3WFp2Y6s3Mr/7/DOnRqVb9erT/UKs2rhR6U4QzO4QJ8aEATbqEFbaDwAV/wDT/WnaWsqZUtrpas5c4prMR6/wXfvYIf</latexit>

• Given SM parameters, we can make predictions
<latexit sha1_base64="zlu2Wpn/0aZwxkaO5/WV4B8F3EY=">AAABpnicZY/NTsJAFIXv+Iv1r+rSTSMbFqZpWeAWY0xcGUwskFCC02GsE6YzdebWhDT4ED6NW30L38YKbJCz+nLuPTfnJrkUFoPgh2xsbm3v7Nb2nP2Dw6Nj9+S0a3VhGI+Yltr0E2q5FIpHKFDyfm44zRLJe8nk5m/ee+PGCq0ecZrzYUZTJZ4Fo1hZI/cyVlqoMVfolLFA79ZP/dm7UMhTQ5F7ukAPde69FtRMRm498IO5vHUIl1Bv12Cuzshl8VizIqvOM0mtHYRBjsOSGhRM8pkTF5bnlE1oykuWJUakL7jiDipUNON2WM5/XY3IAqczp2oV/u+wDt2mH7b81kOz3r5e1IManMMFNCCEK2jDHXQgAgYf8Alf8E0a5J5EpLdY3SDLzBmsiDz9AuQac0E=</latexit>

E.g. integrate out top quark
<latexit sha1_base64="xw+F1QNQkCXUHBSaImYDM+R6OBk=">AAAB8XicZY/LSsNAFIZP6q3GW9Slm8EiVoSSBKkrIeCmK61gL9A0YTKZltCZJGQmQgh9Ap/Anbh17cOIW30P09RFa38Yzsd//jOc48UsEFLXP5XK2vrG5lZ1W93Z3ds/0A6PuiJKE0I7JGJR0vewoCwIaUcGktF+nFDMPUZ73uR21u890UQEUfgos5gOOR6HwSggWBaWq91zt+WYdZun6AZxV16oRTl3TLe16F0ie5Rgkt+5BGWudMxpbjTtOChgFnBMVCSIH0nhajW9oZdCq2D8Qc2qQqm2qz3bfkRSTkNJGBZiYOixHOY4kQFhdKraqaAxJhM8poMCQ8ypGObl4VN0Vjg+GkVJ8UKJSndxImepzJb+yDEXIuPesul5EfOnqlpsb/zfdRW6ZsNoNpoPVzXLmp8BVTiBU6iDAddgQQva0AECH/AF3/CjCOVFeVXe5tGK8jdzDEtS3n8BR+mMXA==</latexit>

m2
H
(µ = mt) = m→2

H
(µ = mt) +

Ncy2t
16ω2

m2
t
+ · · ·

<latexit sha1_base64="qiwWhKx3xaQwN2C7YJHVNNZvJUU=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScBUSkXbjouBGcFO1N2hDmZmehqEzmZCZCCX0CcStPptvY0y7sPaHAz/fufAflkhhrO9/k8rO7t7+QfXQOTo+OT2rnV/0jc5Sjj2upU6HjBqUIsaeFVbiMEmRKiZxwOYPv/3BG6ZG6LhrFwmGikaxmAlObYFe1cROanXf80u52yZYm3q7CqU6k9r7eKp5pjC2XFJjRoGf2DCnqRVc4tIZZwYTyuc0wlFhY6rQhHkZdek2CjJ1ZzotKrZuSf9u5DKzi40bOVXGLBTbhIxpOV06TpE++J912/RvvaDpNZ/v6u371RtQhSu4hhsIoAVteIQO9IBDBB/wCV+kQZ7IC+muRitkvXMJGyLhDyvxcbg=</latexit>

mt

<latexit sha1_base64="6BxS53YKfl5MWNPjv+PvqWA8KGI=">AAABhHicZY/NSsNAFIXvVK0x/kVduhGzcSEhqbRuRAJu3AgVTVtoQplMr3XoZBIyE6GEvoZbfS3fxph2E3tWH+feA+fEmeBKu+4PaW1t77R3jT1z/+Dw6Ng6OR2otMgZBiwVaT6KqULBJQaaa4GjLEeaxAKH8fzh7z78wFzxVL7qRYZRQmeSv3FGdWWFoUy5nKLU5svTxLJdx611sQneGmzfgFr9icXCacqKpIozQZUae26mo5LmmjOBSzMsFGaUzekMS5bEOZ+964Y7rlDSBFVU1kuaEVHoxdKsWnn/O2zCoON4Paf33LH9u1U9MOAcLuEKPLgFHx6hDwEwyOATvuCbtMk1uSHd1WuLrDNn0BC5/wVujWWi</latexit>

SM

<latexit sha1_base64="HEAT+FbJKf4Uq5cAV4RfC+0N2/k=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UZMF24MSZG4ESyI4LKCaQtNKJPpNQ6dTGJmIpTQ53Crj+XbGNNuYs/q49x74JwoE1xpx/khra3tnd22sWfuHxweHXdOTocqLXKGPktFmo8jqlBwib7mWuA4y5EmkcBRNH/4u48+MFc8lS96kWGY0FjyV86orqwwkCmXM5Ta7D52px3LsZ1aF5vgrsHqG1BrMO2wYJayIqnyTFClJq6T6bCkueZM4NIMCoUZZXMaY8mSKOfxm264kwolTVCFZT2lGRGFXizNqpX7v8MmDHu269nec8/q363qgQHncAlX4MIt9OEJBuADg3f4hC/4Jm1yTW6It3ptkXXmDBoi97+CiGWZ</latexit>

E

<latexit sha1_base64="NuNYhKwvqoKmVi3xdBRr9fUBbbs=">AAABo3icdU/LSsNAFL1TXzW+qi7dBEvBVZkUSdtdwE3BTdW+oA1lZjotQyeZkJkIJfQLxK1+m3/jNFWwCw9cOJxzz+VcmkihDcZfqLS3f3B4VD52Tk7Pzi8ql1cDrbKU8T5TUqUjSjSXIuZ9I4zkoyTlJKKSD+nyYeMPX3mqhYp7ZpXwMCKLWMwFI8ZKL9G0M61UcR1b+L67IV4Le5a0261Go+16hYVxNShDge608jaZKZZFPDZMEq3HHk5MmJPUCCb52plkmieELcmCjy2NScR1mBdV127NKjN3rlI7sXEL9W8il5lZ7dzISaT1KqK7IqVKztaOY9v/VnT/J4NG3fPr/tN9NQi2b0AZbuAW7sCDJgTQgS70gcEC3uEDPlENPaJn1NuultBP5hp2gMJvPQNxzQ==</latexit>

mH

<latexit sha1_base64="dxyRvIN5sDYRQNuuno5K2l4tEBA=">AAABpHicdU/LSsNAFL1TXzW+qi7dBIuPVZkUie0u4KYLFxVNW2hrmZlO69CZTMhMhBL6BYJb/TX/xjRVsAsPXDicc8/lXBpLYSzGX6i0sbm1vVPedfb2Dw6PKscnHaPThPGQaamTHiWGSxHx0AoreS9OOFFU8i6d3S397itPjNDRk53HfKjINBITwYhdSupq1BpVqriGc/i+uyReA3s5aTYb9XrT9QoL42pQhgLtUeVtMNYsVTyyTBJj+h6O7TAjiRVM8oUzSA2PCZuRKe/nNCKKm2FWdF24F7kydic6ySeybqH+TWQytfO1GxlRxswVXRcp1XK8cJy8/W9F93/Sqdc8v+Y/3FSDYPUGlOEMzuEaPLiFAFrQhhAYvMA7fMAnukT36BGFq9US+smcwhrQ8zeSqnH+</latexit>

m→
H

<latexit sha1_base64="rJeP575X+8fQrVtTHFW2jmTl3Ec=">AAAB2XicdY/LSsNAFIZPvNZ4i7p0EyyCq5IUSdtdwI0rqWAv0NQwM5m2oZMLmYkQhizciS5d+zRu9QF8G6epgl34w8A335kznINTFnJhWV/a2vrG5tZ2bUff3ds/ODSOjvs8yTNCeyRhSTbEiFMWxrQnQsHoMM0oijCjAzy/WtQHDzTjYRLfiSKl4whN43ASEiSU8o2Wl8cBzXCGCJXeLJ2hWCSR9CZKyBufmIUv7pultB0vDRWYUXUvfaNuNSwVxzEXYLctW0Gn0242O6ZdlSyr7tagStc3XrwgIXlEY0EY4nxkW6kYS5SJkDBa6l7OaYrIHE3pSGGMIsrHslqwNM+VCcxJkqkTC7Oyfzsky0Wx8odEEedFhFclxgkLSl1X0/+OaP4P/WbDdhrO7WXddZdrQA1O4QwuwIYWuHANXegBgTd4hw/41Ebao/akPS+frmk/PSewEu31G2STiCQ=</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="17pFMxaFuaHBgkOQGsvA8m3LJQQ=">AAABinicdY/NTsJAFIXv4F9F1KpLN41scENmGlNpdEGiiS4xsUBCkUzHK06Y/qQzJSGEN3Gr7+TbWEAXLDyrL/fck3tulCmpDaXfpLK1vbO7Z+1XD2qHR8f2yWlXp0UuMBCpSvN+xDUqmWBgpFHYz3LkcaSwF03uln5virmWafJsZhkOYz5O5JsU3JSjkW2HWsZOg1EaPmD38sUd2XXapKU8z1kCa1FWgu+3XNd32MqitN62YKXOyBbhayqKGBMjFNd6wGhmhnOeGykULqphoTHjYsLHOBdxlMvxu9mYDkpMeIx6OF/9sxlRhZktqmWrv9PO/9B1m8xrek9X9fbtuh5YcA4X0AAG19CGR+hAAAKm8AGf8EVqxCU+uVmvVshv5gw2RO5/AObFZmo=</latexit>

→ (100 GeV)2



Calculability
<latexit sha1_base64="lZUxboZL7lnu5pv1krhlKJ3zea0=">AAABynicZZC7TsMwFIZPyq2EW4CRJaILA6qSDu1axAADSEXQi9RUleMeglXbiWynqETdeCbeBYkVnoOkrZBK/+nTsc/vTw4TzrTxvE+rtLG5tb1T3rX39g8Oj5zjk46OU0WxTWMeq15INHImsW2Y4dhLFBIRcuyG4+vivDtBpVksn8w0wYEgkWTPjBKTj4ZOKwgxYjJjBgV7w5kdFGTfsAlK9/HeTYgiAk3ecOm+okuJdAUZo5s/MmK06NB2gHL0VzB0Kl7Vm8ddB38JlWYZ5mkNHRqMYpoKlIZyonXf9xIzyIgyjPJCKNWYEDomEWZUhIpFL2Zl2s9R5pJ6kM3/Y3WFp2Y6s3Mr/7/DOnRqVb9erT/UKs2rhR6U4QzO4QJ8aEATbqEFbaDwAV/wDT/WnaWsqZUtrpas5c4prMR6/wXfvYIf</latexit>

• Given SM parameters, we can make predictions
<latexit sha1_base64="zlu2Wpn/0aZwxkaO5/WV4B8F3EY=">AAABpnicZY/NTsJAFIXv+Iv1r+rSTSMbFqZpWeAWY0xcGUwskFCC02GsE6YzdebWhDT4ED6NW30L38YKbJCz+nLuPTfnJrkUFoPgh2xsbm3v7Nb2nP2Dw6Nj9+S0a3VhGI+Yltr0E2q5FIpHKFDyfm44zRLJe8nk5m/ee+PGCq0ecZrzYUZTJZ4Fo1hZI/cyVlqoMVfolLFA79ZP/dm7UMhTQ5F7ukAPde69FtRMRm498IO5vHUIl1Bv12Cuzshl8VizIqvOM0mtHYRBjsOSGhRM8pkTF5bnlE1oykuWJUakL7jiDipUNON2WM5/XY3IAqczp2oV/u+wDt2mH7b81kOz3r5e1IManMMFNCCEK2jDHXQgAgYf8Alf8E0a5J5EpLdY3SDLzBmsiDz9AuQac0E=</latexit>

E.g. integrate out top quark
<latexit sha1_base64="xw+F1QNQkCXUHBSaImYDM+R6OBk=">AAAB8XicZY/LSsNAFIZP6q3GW9Slm8EiVoSSBKkrIeCmK61gL9A0YTKZltCZJGQmQgh9Ap/Anbh17cOIW30P09RFa38Yzsd//jOc48UsEFLXP5XK2vrG5lZ1W93Z3ds/0A6PuiJKE0I7JGJR0vewoCwIaUcGktF+nFDMPUZ73uR21u890UQEUfgos5gOOR6HwSggWBaWq91zt+WYdZun6AZxV16oRTl3TLe16F0ie5Rgkt+5BGWudMxpbjTtOChgFnBMVCSIH0nhajW9oZdCq2D8Qc2qQqm2qz3bfkRSTkNJGBZiYOixHOY4kQFhdKraqaAxJhM8poMCQ8ypGObl4VN0Vjg+GkVJ8UKJSndxImepzJb+yDEXIuPesul5EfOnqlpsb/zfdRW6ZsNoNpoPVzXLmp8BVTiBU6iDAddgQQva0AECH/AF3/CjCOVFeVXe5tGK8jdzDEtS3n8BR+mMXA==</latexit>

m2
H
(µ = mt) = m→2

H
(µ = mt) +

Ncy2t
16ω2

m2
t
+ · · ·

<latexit sha1_base64="qiwWhKx3xaQwN2C7YJHVNNZvJUU=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScBUSkXbjouBGcFO1N2hDmZmehqEzmZCZCCX0CcStPptvY0y7sPaHAz/fufAflkhhrO9/k8rO7t7+QfXQOTo+OT2rnV/0jc5Sjj2upU6HjBqUIsaeFVbiMEmRKiZxwOYPv/3BG6ZG6LhrFwmGikaxmAlObYFe1cROanXf80u52yZYm3q7CqU6k9r7eKp5pjC2XFJjRoGf2DCnqRVc4tIZZwYTyuc0wlFhY6rQhHkZdek2CjJ1ZzotKrZuSf9u5DKzi40bOVXGLBTbhIxpOV06TpE++J912/RvvaDpNZ/v6u371RtQhSu4hhsIoAVteIQO9IBDBB/wCV+kQZ7IC+muRitkvXMJGyLhDyvxcbg=</latexit>

mt

<latexit sha1_base64="6BxS53YKfl5MWNPjv+PvqWA8KGI=">AAABhHicZY/NSsNAFIXvVK0x/kVduhGzcSEhqbRuRAJu3AgVTVtoQplMr3XoZBIyE6GEvoZbfS3fxph2E3tWH+feA+fEmeBKu+4PaW1t77R3jT1z/+Dw6Ng6OR2otMgZBiwVaT6KqULBJQaaa4GjLEeaxAKH8fzh7z78wFzxVL7qRYZRQmeSv3FGdWWFoUy5nKLU5svTxLJdx611sQneGmzfgFr9icXCacqKpIozQZUae26mo5LmmjOBSzMsFGaUzekMS5bEOZ+964Y7rlDSBFVU1kuaEVHoxdKsWnn/O2zCoON4Paf33LH9u1U9MOAcLuEKPLgFHx6hDwEwyOATvuCbtMk1uSHd1WuLrDNn0BC5/wVujWWi</latexit>

SM

<latexit sha1_base64="HEAT+FbJKf4Uq5cAV4RfC+0N2/k=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UZMF24MSZG4ESyI4LKCaQtNKJPpNQ6dTGJmIpTQ53Crj+XbGNNuYs/q49x74JwoE1xpx/khra3tnd22sWfuHxweHXdOTocqLXKGPktFmo8jqlBwib7mWuA4y5EmkcBRNH/4u48+MFc8lS96kWGY0FjyV86orqwwkCmXM5Ta7D52px3LsZ1aF5vgrsHqG1BrMO2wYJayIqnyTFClJq6T6bCkueZM4NIMCoUZZXMaY8mSKOfxm264kwolTVCFZT2lGRGFXizNqpX7v8MmDHu269nec8/q363qgQHncAlX4MIt9OEJBuADg3f4hC/4Jm1yTW6It3ptkXXmDBoi97+CiGWZ</latexit>

E

<latexit sha1_base64="NuNYhKwvqoKmVi3xdBRr9fUBbbs=">AAABo3icdU/LSsNAFL1TXzW+qi7dBEvBVZkUSdtdwE3BTdW+oA1lZjotQyeZkJkIJfQLxK1+m3/jNFWwCw9cOJxzz+VcmkihDcZfqLS3f3B4VD52Tk7Pzi8ql1cDrbKU8T5TUqUjSjSXIuZ9I4zkoyTlJKKSD+nyYeMPX3mqhYp7ZpXwMCKLWMwFI8ZKL9G0M61UcR1b+L67IV4Le5a0261Go+16hYVxNShDge608jaZKZZFPDZMEq3HHk5MmJPUCCb52plkmieELcmCjy2NScR1mBdV127NKjN3rlI7sXEL9W8il5lZ7dzISaT1KqK7IqVKztaOY9v/VnT/J4NG3fPr/tN9NQi2b0AZbuAW7sCDJgTQgS70gcEC3uEDPlENPaJn1NuultBP5hp2gMJvPQNxzQ==</latexit>

mH

<latexit sha1_base64="dxyRvIN5sDYRQNuuno5K2l4tEBA=">AAABpHicdU/LSsNAFL1TXzW+qi7dBIuPVZkUie0u4KYLFxVNW2hrmZlO69CZTMhMhBL6BYJb/TX/xjRVsAsPXDicc8/lXBpLYSzGX6i0sbm1vVPedfb2Dw6PKscnHaPThPGQaamTHiWGSxHx0AoreS9OOFFU8i6d3S397itPjNDRk53HfKjINBITwYhdSupq1BpVqriGc/i+uyReA3s5aTYb9XrT9QoL42pQhgLtUeVtMNYsVTyyTBJj+h6O7TAjiRVM8oUzSA2PCZuRKe/nNCKKm2FWdF24F7kydic6ySeybqH+TWQytfO1GxlRxswVXRcp1XK8cJy8/W9F93/Sqdc8v+Y/3FSDYPUGlOEMzuEaPLiFAFrQhhAYvMA7fMAnukT36BGFq9US+smcwhrQ8zeSqnH+</latexit>

m→
H

<latexit sha1_base64="rJeP575X+8fQrVtTHFW2jmTl3Ec=">AAAB2XicdY/LSsNAFIZPvNZ4i7p0EyyCq5IUSdtdwI0rqWAv0NQwM5m2oZMLmYkQhizciS5d+zRu9QF8G6epgl34w8A335kznINTFnJhWV/a2vrG5tZ2bUff3ds/ODSOjvs8yTNCeyRhSTbEiFMWxrQnQsHoMM0oijCjAzy/WtQHDzTjYRLfiSKl4whN43ASEiSU8o2Wl8cBzXCGCJXeLJ2hWCSR9CZKyBufmIUv7pultB0vDRWYUXUvfaNuNSwVxzEXYLctW0Gn0242O6ZdlSyr7tagStc3XrwgIXlEY0EY4nxkW6kYS5SJkDBa6l7OaYrIHE3pSGGMIsrHslqwNM+VCcxJkqkTC7Oyfzsky0Wx8odEEedFhFclxgkLSl1X0/+OaP4P/WbDdhrO7WXddZdrQA1O4QwuwIYWuHANXegBgTd4hw/41Ebao/akPS+frmk/PSewEu31G2STiCQ=</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="17pFMxaFuaHBgkOQGsvA8m3LJQQ=">AAABinicdY/NTsJAFIXv4F9F1KpLN41scENmGlNpdEGiiS4xsUBCkUzHK06Y/qQzJSGEN3Gr7+TbWEAXLDyrL/fck3tulCmpDaXfpLK1vbO7Z+1XD2qHR8f2yWlXp0UuMBCpSvN+xDUqmWBgpFHYz3LkcaSwF03uln5virmWafJsZhkOYz5O5JsU3JSjkW2HWsZOg1EaPmD38sUd2XXapKU8z1kCa1FWgu+3XNd32MqitN62YKXOyBbhayqKGBMjFNd6wGhmhnOeGykULqphoTHjYsLHOBdxlMvxu9mYDkpMeIx6OF/9sxlRhZktqmWrv9PO/9B1m8xrek9X9fbtuh5YcA4X0AAG19CGR+hAAAKm8AGf8EVqxCU+uVmvVshv5gw2RO5/AObFZmo=</latexit>

→ (100 GeV)2

<latexit sha1_base64="nyKR9rykS+ThsnfsHQi74JLeWxo=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXbjouBGcFO1N2hDmZmelqEzmZCZCCH0CcStPptvY0y7sPaHAz/fufAfFkthrO9/k8rO7t7+gXPoHh2fnJ5Vzy/6RqcJxx7XUidDRg1KEWHPCitxGCdIFZM4YIuH3/7gDRMjdNS1WYyhovNIzASntkCvajKcVGt+wy/lbZtgbWptB0p1JtX38VTzVGFkuaTGjAI/tmFOEyu4xKU7Tg3GlC/oHEeFjahCE+Zl1KVXL8jUm+mkqMh6Jf27kcvUZhs3cqqMyRTbhIxpOV26bpE++J912/RvG0Gz0Xy+q7XvV2+AA1dwDTcQQAva8Agd6AGHOXzAJ3yROnkiL6S7Gq2Q9c4lbIiEPwlFcZw=</latexit>

mX

<latexit sha1_base64="Ftu4w9cOK+Xu0SGi99ZYvN0ZAYc=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UbMxo0lKRI3gkE3boSKpi00oUym1zp0MhMzE6GUPodbfSzfxph2E3tWH+feA+ckmeDauO4PaWxsbm03rR17d2//4LB1dNzTqsgZhkwJlQ8SqlFwiaHhRuAgy5GmicB+Mr3/u/c/MNdcyRczyzBO6UTyV86oKa04korLMUpj3z0/jlqO23Yrna2DtwInsKBSd9Ri0VixIi3zTFCth56bmXhOc8OZwIUdFRozyqZ0gnOWJjmfvJmaOyxR0hR1PK+m1COiMLOFXbby/ndYh16n7flt/6njBDfLemDBKZzDBXhwDQE8QBdCYPAOn/AF36RJLskV8ZevDbLKnEBN5PYX3stl7g==</latexit>

BSM
<latexit sha1_base64="vlCMKDhjwY56HCdGUuBmbeAwW84=">AAABpXicdU9Na8JAFHxrv2z6ZdtjL6FS7Ek2UlK9BXrxUrBgVFAJu+sqi7tJyG4KEvwFPfTa/rT+m66xhXrowINh5s1jHk2l0AbjL1TZ2z84PKoeOyenZ+cXtcurgU7yjPGQJTLJRpRoLkXMQyOM5KM040RRyYd0+bTxh6880yKJ+2aV8qkii1jMBSPGSqFqNKJuVKvjJrbwfXdDvDb2LOl02q1Wx/VKC+N6UIUSvaj2NpklLFc8NkwSrcceTs20IJkRTPK1M8k1TwlbkgUfWxoTxfW0KMuu3TurzNx5ktmJjVuqfxOFzM1q50ZBlNYrRXdFShM5WzuObf9b0f2fDFpNz2/6Lw/1INi+AVW4gVu4Bw8eIYAu9CAEBgLe4QM+UQM9oz4abFcr6CdzDTtA0TfoenIv</latexit>

m→→
H

<latexit sha1_base64="XG66/LCznvkgFXIaVKQ51UPPoQI=">AAABsnicZY+7TsNAEEVnw8uYl4GSxiINlWVHKKFMREMZJPIQcRSt14OzynptedeRgpVf4WtooedvcB5CMrnV0cydmTtBKrjSrvtDanv7B4dHxrF5cnp2fmFdXvVVkmcMeywRSTYMqELBJfY01wKHaYY0DgQOgtnjqj+YY6Z4Il/0IsVxTCPJ3zijuixNrAc/wIjLgmuM+TsuTX9FZicMbWpPkc4XdkozzZlA00cZ/hknVt113LXsXfC2UG8bsFZ3YjE/TFgeo9RMUKVGnpvqcbFdXh7OFaaUzWiEBYuDjEdTXamOSpQ0RjUu1n9XR0SuF0uzTOX9z7AL/YbjNZ3mc6Pe7mzigQE3cAt34EEL2vAEXegBgw/4hC/4JvfklVDCNtYa2c5cQ0VE/AKJuHhh</latexit>

• Add a heavy particle
<latexit sha1_base64="OrgmXEkpdys9O0XbkMRKuPmmMVw=">AAACBHicbZDLSsNAFIZP6q3GW9Wlm8EiVISSBKkroeCmywr2Ak0bJtNpGTqTCZmJEEK2bnwVd+LWta/gS7jVpekFsdYfhvn4/3MOZ8YPOVPast6Nwtr6xuZWcdvc2d3bPygdHrWVjCNCW0RyGXV9rChnAW1ppjnthhHFwue0409upnnnnkaKyeBOJyHtCzwO2IgRrHPLK/nCawxSN4yYoMjJKq6I0TUSXvfcnF4/2b8VF8gdRZikidcdOFlq19yQ5TANBw7KUzKUWnmlslW1ZkKrYC+gXC/CTE2v9OgOJYkFDTThWKmebYW6n+JIM8JpZrqxoiEmEzymvRwDLKjqp7O/yNBZ7gzRSEb5CTSaub87Uh7rZGlGioVSifCXTd+XfJiZZr69/XfXVWg7VbtWrd1eluv1+TOgCCdwChWw4Qrq0IAmtIDAG3zAJ3wZD8aT8Wy8zEsLxqLnGJZkvH4DWHCU7g==</latexit>

m→2
H
(µ = mX) = m→→2

H
(µ = mX) +

y2
X

16ω2
m2

X
+ · · ·



Calculability
<latexit sha1_base64="lZUxboZL7lnu5pv1krhlKJ3zea0=">AAABynicZZC7TsMwFIZPyq2EW4CRJaILA6qSDu1axAADSEXQi9RUleMeglXbiWynqETdeCbeBYkVnoOkrZBK/+nTsc/vTw4TzrTxvE+rtLG5tb1T3rX39g8Oj5zjk46OU0WxTWMeq15INHImsW2Y4dhLFBIRcuyG4+vivDtBpVksn8w0wYEgkWTPjBKTj4ZOKwgxYjJjBgV7w5kdFGTfsAlK9/HeTYgiAk3ecOm+okuJdAUZo5s/MmK06NB2gHL0VzB0Kl7Vm8ddB38JlWYZ5mkNHRqMYpoKlIZyonXf9xIzyIgyjPJCKNWYEDomEWZUhIpFL2Zl2s9R5pJ6kM3/Y3WFp2Y6s3Mr/7/DOnRqVb9erT/UKs2rhR6U4QzO4QJ8aEATbqEFbaDwAV/wDT/WnaWsqZUtrpas5c4prMR6/wXfvYIf</latexit>

• Given SM parameters, we can make predictions
<latexit sha1_base64="zlu2Wpn/0aZwxkaO5/WV4B8F3EY=">AAABpnicZY/NTsJAFIXv+Iv1r+rSTSMbFqZpWeAWY0xcGUwskFCC02GsE6YzdebWhDT4ED6NW30L38YKbJCz+nLuPTfnJrkUFoPgh2xsbm3v7Nb2nP2Dw6Nj9+S0a3VhGI+Yltr0E2q5FIpHKFDyfm44zRLJe8nk5m/ee+PGCq0ecZrzYUZTJZ4Fo1hZI/cyVlqoMVfolLFA79ZP/dm7UMhTQ5F7ukAPde69FtRMRm498IO5vHUIl1Bv12Cuzshl8VizIqvOM0mtHYRBjsOSGhRM8pkTF5bnlE1oykuWJUakL7jiDipUNON2WM5/XY3IAqczp2oV/u+wDt2mH7b81kOz3r5e1IManMMFNCCEK2jDHXQgAgYf8Alf8E0a5J5EpLdY3SDLzBmsiDz9AuQac0E=</latexit>

E.g. integrate out top quark
<latexit sha1_base64="xw+F1QNQkCXUHBSaImYDM+R6OBk=">AAAB8XicZY/LSsNAFIZP6q3GW9Slm8EiVoSSBKkrIeCmK61gL9A0YTKZltCZJGQmQgh9Ap/Anbh17cOIW30P09RFa38Yzsd//jOc48UsEFLXP5XK2vrG5lZ1W93Z3ds/0A6PuiJKE0I7JGJR0vewoCwIaUcGktF+nFDMPUZ73uR21u890UQEUfgos5gOOR6HwSggWBaWq91zt+WYdZun6AZxV16oRTl3TLe16F0ie5Rgkt+5BGWudMxpbjTtOChgFnBMVCSIH0nhajW9oZdCq2D8Qc2qQqm2qz3bfkRSTkNJGBZiYOixHOY4kQFhdKraqaAxJhM8poMCQ8ypGObl4VN0Vjg+GkVJ8UKJSndxImepzJb+yDEXIuPesul5EfOnqlpsb/zfdRW6ZsNoNpoPVzXLmp8BVTiBU6iDAddgQQva0AECH/AF3/CjCOVFeVXe5tGK8jdzDEtS3n8BR+mMXA==</latexit>

m2
H
(µ = mt) = m→2

H
(µ = mt) +

Ncy2t
16ω2

m2
t
+ · · ·

<latexit sha1_base64="qiwWhKx3xaQwN2C7YJHVNNZvJUU=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScBUSkXbjouBGcFO1N2hDmZmehqEzmZCZCCX0CcStPptvY0y7sPaHAz/fufAflkhhrO9/k8rO7t7+QfXQOTo+OT2rnV/0jc5Sjj2upU6HjBqUIsaeFVbiMEmRKiZxwOYPv/3BG6ZG6LhrFwmGikaxmAlObYFe1cROanXf80u52yZYm3q7CqU6k9r7eKp5pjC2XFJjRoGf2DCnqRVc4tIZZwYTyuc0wlFhY6rQhHkZdek2CjJ1ZzotKrZuSf9u5DKzi40bOVXGLBTbhIxpOV06TpE++J912/RvvaDpNZ/v6u371RtQhSu4hhsIoAVteIQO9IBDBB/wCV+kQZ7IC+muRitkvXMJGyLhDyvxcbg=</latexit>

mt

<latexit sha1_base64="6BxS53YKfl5MWNPjv+PvqWA8KGI=">AAABhHicZY/NSsNAFIXvVK0x/kVduhGzcSEhqbRuRAJu3AgVTVtoQplMr3XoZBIyE6GEvoZbfS3fxph2E3tWH+feA+fEmeBKu+4PaW1t77R3jT1z/+Dw6Ng6OR2otMgZBiwVaT6KqULBJQaaa4GjLEeaxAKH8fzh7z78wFzxVL7qRYZRQmeSv3FGdWWFoUy5nKLU5svTxLJdx611sQneGmzfgFr9icXCacqKpIozQZUae26mo5LmmjOBSzMsFGaUzekMS5bEOZ+964Y7rlDSBFVU1kuaEVHoxdKsWnn/O2zCoON4Paf33LH9u1U9MOAcLuEKPLgFHx6hDwEwyOATvuCbtMk1uSHd1WuLrDNn0BC5/wVujWWi</latexit>

SM

<latexit sha1_base64="HEAT+FbJKf4Uq5cAV4RfC+0N2/k=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UZMF24MSZG4ESyI4LKCaQtNKJPpNQ6dTGJmIpTQ53Crj+XbGNNuYs/q49x74JwoE1xpx/khra3tnd22sWfuHxweHXdOTocqLXKGPktFmo8jqlBwib7mWuA4y5EmkcBRNH/4u48+MFc8lS96kWGY0FjyV86orqwwkCmXM5Ta7D52px3LsZ1aF5vgrsHqG1BrMO2wYJayIqnyTFClJq6T6bCkueZM4NIMCoUZZXMaY8mSKOfxm264kwolTVCFZT2lGRGFXizNqpX7v8MmDHu269nec8/q363qgQHncAlX4MIt9OEJBuADg3f4hC/4Jm1yTW6It3ptkXXmDBoi97+CiGWZ</latexit>

E

<latexit sha1_base64="NuNYhKwvqoKmVi3xdBRr9fUBbbs=">AAABo3icdU/LSsNAFL1TXzW+qi7dBEvBVZkUSdtdwE3BTdW+oA1lZjotQyeZkJkIJfQLxK1+m3/jNFWwCw9cOJxzz+VcmkihDcZfqLS3f3B4VD52Tk7Pzi8ql1cDrbKU8T5TUqUjSjSXIuZ9I4zkoyTlJKKSD+nyYeMPX3mqhYp7ZpXwMCKLWMwFI8ZKL9G0M61UcR1b+L67IV4Le5a0261Go+16hYVxNShDge608jaZKZZFPDZMEq3HHk5MmJPUCCb52plkmieELcmCjy2NScR1mBdV127NKjN3rlI7sXEL9W8il5lZ7dzISaT1KqK7IqVKztaOY9v/VnT/J4NG3fPr/tN9NQi2b0AZbuAW7sCDJgTQgS70gcEC3uEDPlENPaJn1NuultBP5hp2gMJvPQNxzQ==</latexit>

mH

<latexit sha1_base64="dxyRvIN5sDYRQNuuno5K2l4tEBA=">AAABpHicdU/LSsNAFL1TXzW+qi7dBIuPVZkUie0u4KYLFxVNW2hrmZlO69CZTMhMhBL6BYJb/TX/xjRVsAsPXDicc8/lXBpLYSzGX6i0sbm1vVPedfb2Dw6PKscnHaPThPGQaamTHiWGSxHx0AoreS9OOFFU8i6d3S397itPjNDRk53HfKjINBITwYhdSupq1BpVqriGc/i+uyReA3s5aTYb9XrT9QoL42pQhgLtUeVtMNYsVTyyTBJj+h6O7TAjiRVM8oUzSA2PCZuRKe/nNCKKm2FWdF24F7kydic6ySeybqH+TWQytfO1GxlRxswVXRcp1XK8cJy8/W9F93/Sqdc8v+Y/3FSDYPUGlOEMzuEaPLiFAFrQhhAYvMA7fMAnukT36BGFq9US+smcwhrQ8zeSqnH+</latexit>

m→
H

<latexit sha1_base64="rJeP575X+8fQrVtTHFW2jmTl3Ec=">AAAB2XicdY/LSsNAFIZPvNZ4i7p0EyyCq5IUSdtdwI0rqWAv0NQwM5m2oZMLmYkQhizciS5d+zRu9QF8G6epgl34w8A335kznINTFnJhWV/a2vrG5tZ2bUff3ds/ODSOjvs8yTNCeyRhSTbEiFMWxrQnQsHoMM0oijCjAzy/WtQHDzTjYRLfiSKl4whN43ASEiSU8o2Wl8cBzXCGCJXeLJ2hWCSR9CZKyBufmIUv7pultB0vDRWYUXUvfaNuNSwVxzEXYLctW0Gn0242O6ZdlSyr7tagStc3XrwgIXlEY0EY4nxkW6kYS5SJkDBa6l7OaYrIHE3pSGGMIsrHslqwNM+VCcxJkqkTC7Oyfzsky0Wx8odEEedFhFclxgkLSl1X0/+OaP4P/WbDdhrO7WXddZdrQA1O4QwuwIYWuHANXegBgTd4hw/41Ebao/akPS+frmk/PSewEu31G2STiCQ=</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="17pFMxaFuaHBgkOQGsvA8m3LJQQ=">AAABinicdY/NTsJAFIXv4F9F1KpLN41scENmGlNpdEGiiS4xsUBCkUzHK06Y/qQzJSGEN3Gr7+TbWEAXLDyrL/fck3tulCmpDaXfpLK1vbO7Z+1XD2qHR8f2yWlXp0UuMBCpSvN+xDUqmWBgpFHYz3LkcaSwF03uln5virmWafJsZhkOYz5O5JsU3JSjkW2HWsZOg1EaPmD38sUd2XXapKU8z1kCa1FWgu+3XNd32MqitN62YKXOyBbhayqKGBMjFNd6wGhmhnOeGykULqphoTHjYsLHOBdxlMvxu9mYDkpMeIx6OF/9sxlRhZktqmWrv9PO/9B1m8xrek9X9fbtuh5YcA4X0AAG19CGR+hAAAKm8AGf8EVqxCU+uVmvVshv5gw2RO5/AObFZmo=</latexit>

→ (100 GeV)2

<latexit sha1_base64="nyKR9rykS+ThsnfsHQi74JLeWxo=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXbjouBGcFO1N2hDmZmelqEzmZCZCCH0CcStPptvY0y7sPaHAz/fufAfFkthrO9/k8rO7t7+gXPoHh2fnJ5Vzy/6RqcJxx7XUidDRg1KEWHPCitxGCdIFZM4YIuH3/7gDRMjdNS1WYyhovNIzASntkCvajKcVGt+wy/lbZtgbWptB0p1JtX38VTzVGFkuaTGjAI/tmFOEyu4xKU7Tg3GlC/oHEeFjahCE+Zl1KVXL8jUm+mkqMh6Jf27kcvUZhs3cqqMyRTbhIxpOV26bpE++J912/RvG0Gz0Xy+q7XvV2+AA1dwDTcQQAva8Agd6AGHOXzAJ3yROnkiL6S7Gq2Q9c4lbIiEPwlFcZw=</latexit>

mX

<latexit sha1_base64="Ftu4w9cOK+Xu0SGi99ZYvN0ZAYc=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UbMxo0lKRI3gkE3boSKpi00oUym1zp0MhMzE6GUPodbfSzfxph2E3tWH+feA+ckmeDauO4PaWxsbm03rR17d2//4LB1dNzTqsgZhkwJlQ8SqlFwiaHhRuAgy5GmicB+Mr3/u/c/MNdcyRczyzBO6UTyV86oKa04korLMUpj3z0/jlqO23Yrna2DtwInsKBSd9Ri0VixIi3zTFCth56bmXhOc8OZwIUdFRozyqZ0gnOWJjmfvJmaOyxR0hR1PK+m1COiMLOFXbby/ndYh16n7flt/6njBDfLemDBKZzDBXhwDQE8QBdCYPAOn/AF36RJLskV8ZevDbLKnEBN5PYX3stl7g==</latexit>

BSM
<latexit sha1_base64="vlCMKDhjwY56HCdGUuBmbeAwW84=">AAABpXicdU9Na8JAFHxrv2z6ZdtjL6FS7Ek2UlK9BXrxUrBgVFAJu+sqi7tJyG4KEvwFPfTa/rT+m66xhXrowINh5s1jHk2l0AbjL1TZ2z84PKoeOyenZ+cXtcurgU7yjPGQJTLJRpRoLkXMQyOM5KM040RRyYd0+bTxh6880yKJ+2aV8qkii1jMBSPGSqFqNKJuVKvjJrbwfXdDvDb2LOl02q1Wx/VKC+N6UIUSvaj2NpklLFc8NkwSrcceTs20IJkRTPK1M8k1TwlbkgUfWxoTxfW0KMuu3TurzNx5ktmJjVuqfxOFzM1q50ZBlNYrRXdFShM5WzuObf9b0f2fDFpNz2/6Lw/1INi+AVW4gVu4Bw8eIYAu9CAEBgLe4QM+UQM9oz4abFcr6CdzDTtA0TfoenIv</latexit>

m→→
H

<latexit sha1_base64="XG66/LCznvkgFXIaVKQ51UPPoQI=">AAABsnicZY+7TsNAEEVnw8uYl4GSxiINlWVHKKFMREMZJPIQcRSt14OzynptedeRgpVf4WtooedvcB5CMrnV0cydmTtBKrjSrvtDanv7B4dHxrF5cnp2fmFdXvVVkmcMeywRSTYMqELBJfY01wKHaYY0DgQOgtnjqj+YY6Z4Il/0IsVxTCPJ3zijuixNrAc/wIjLgmuM+TsuTX9FZicMbWpPkc4XdkozzZlA00cZ/hknVt113LXsXfC2UG8bsFZ3YjE/TFgeo9RMUKVGnpvqcbFdXh7OFaaUzWiEBYuDjEdTXamOSpQ0RjUu1n9XR0SuF0uzTOX9z7AL/YbjNZ3mc6Pe7mzigQE3cAt34EEL2vAEXegBgw/4hC/4JvfklVDCNtYa2c5cQ0VE/AKJuHhh</latexit>

• Add a heavy particle
<latexit sha1_base64="OrgmXEkpdys9O0XbkMRKuPmmMVw=">AAACBHicbZDLSsNAFIZP6q3GW9Wlm8EiVISSBKkroeCmywr2Ak0bJtNpGTqTCZmJEEK2bnwVd+LWta/gS7jVpekFsdYfhvn4/3MOZ8YPOVPast6Nwtr6xuZWcdvc2d3bPygdHrWVjCNCW0RyGXV9rChnAW1ppjnthhHFwue0409upnnnnkaKyeBOJyHtCzwO2IgRrHPLK/nCawxSN4yYoMjJKq6I0TUSXvfcnF4/2b8VF8gdRZikidcdOFlq19yQ5TANBw7KUzKUWnmlslW1ZkKrYC+gXC/CTE2v9OgOJYkFDTThWKmebYW6n+JIM8JpZrqxoiEmEzymvRwDLKjqp7O/yNBZ7gzRSEb5CTSaub87Uh7rZGlGioVSifCXTd+XfJiZZr69/XfXVWg7VbtWrd1eluv1+TOgCCdwChWw4Qrq0IAmtIDAG3zAJ3wZD8aT8Wy8zEsLxqLnGJZkvH4DWHCU7g==</latexit>

m→2
H
(µ = mX) = m→→2

H
(µ = mX) +

y2
X

16ω2
m2

X
+ · · ·

<latexit sha1_base64="rJeP575X+8fQrVtTHFW2jmTl3Ec=">AAAB2XicdY/LSsNAFIZPvNZ4i7p0EyyCq5IUSdtdwI0rqWAv0NQwM5m2oZMLmYkQhizciS5d+zRu9QF8G6epgl34w8A335kznINTFnJhWV/a2vrG5tZ2bUff3ds/ODSOjvs8yTNCeyRhSTbEiFMWxrQnQsHoMM0oijCjAzy/WtQHDzTjYRLfiSKl4whN43ASEiSU8o2Wl8cBzXCGCJXeLJ2hWCSR9CZKyBufmIUv7pultB0vDRWYUXUvfaNuNSwVxzEXYLctW0Gn0242O6ZdlSyr7tagStc3XrwgIXlEY0EY4nxkW6kYS5SJkDBa6l7OaYrIHE3pSGGMIsrHslqwNM+VCcxJkqkTC7Oyfzsky0Wx8odEEedFhFclxgkLSl1X0/+OaP4P/WbDdhrO7WXddZdrQA1O4QwuwIYWuHANXegBgTd4hw/41Ebao/akPS+frmk/PSewEu31G2STiCQ=</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="34zfZbognU6oeZhYaWj9dD0JOe4=">AAABiXicdY/NTsJAFIXv4B+CStWlm0Y2uCEzjalgXJCw0CUmFkgokul4rROmP+lMTQjhSdzqQ/k2FtBFF57Vl3vuyT03SJXUhtJvUtnZ3ds/qB7W6kfHJw3r9GyokzwT6IlEJdk44BqVjNEz0igcpxnyKFA4Cub9tT96x0zLJH4yixSnEQ9j+SoFN8VoZjX8MLRbjFL/HodXz87MatI2LeS69hpYh7ICut2O43RttrEobfaqsNFgZgn/JRF5hLERims9YTQ10yXPjBQKVzU/15hyMechLkUUZDJ8M6XppMCYR6iny8075YjKzWJVK1r9nbb/h6HTZm7bfbxu9u629aAKF3AJLWBwAz14gAF4ICCHD/iEL1InjHTI7Xa1Qn4z51AS6f8ANfZl5Q==</latexit>

→ (100 GeV)2



Calculability
<latexit sha1_base64="lZUxboZL7lnu5pv1krhlKJ3zea0=">AAABynicZZC7TsMwFIZPyq2EW4CRJaILA6qSDu1axAADSEXQi9RUleMeglXbiWynqETdeCbeBYkVnoOkrZBK/+nTsc/vTw4TzrTxvE+rtLG5tb1T3rX39g8Oj5zjk46OU0WxTWMeq15INHImsW2Y4dhLFBIRcuyG4+vivDtBpVksn8w0wYEgkWTPjBKTj4ZOKwgxYjJjBgV7w5kdFGTfsAlK9/HeTYgiAk3ecOm+okuJdAUZo5s/MmK06NB2gHL0VzB0Kl7Vm8ddB38JlWYZ5mkNHRqMYpoKlIZyonXf9xIzyIgyjPJCKNWYEDomEWZUhIpFL2Zl2s9R5pJ6kM3/Y3WFp2Y6s3Mr/7/DOnRqVb9erT/UKs2rhR6U4QzO4QJ8aEATbqEFbaDwAV/wDT/WnaWsqZUtrpas5c4prMR6/wXfvYIf</latexit>

• Given SM parameters, we can make predictions
<latexit sha1_base64="zlu2Wpn/0aZwxkaO5/WV4B8F3EY=">AAABpnicZY/NTsJAFIXv+Iv1r+rSTSMbFqZpWeAWY0xcGUwskFCC02GsE6YzdebWhDT4ED6NW30L38YKbJCz+nLuPTfnJrkUFoPgh2xsbm3v7Nb2nP2Dw6Nj9+S0a3VhGI+Yltr0E2q5FIpHKFDyfm44zRLJe8nk5m/ee+PGCq0ecZrzYUZTJZ4Fo1hZI/cyVlqoMVfolLFA79ZP/dm7UMhTQ5F7ukAPde69FtRMRm498IO5vHUIl1Bv12Cuzshl8VizIqvOM0mtHYRBjsOSGhRM8pkTF5bnlE1oykuWJUakL7jiDipUNON2WM5/XY3IAqczp2oV/u+wDt2mH7b81kOz3r5e1IManMMFNCCEK2jDHXQgAgYf8Alf8E0a5J5EpLdY3SDLzBmsiDz9AuQac0E=</latexit>

E.g. integrate out top quark
<latexit sha1_base64="xw+F1QNQkCXUHBSaImYDM+R6OBk=">AAAB8XicZY/LSsNAFIZP6q3GW9Slm8EiVoSSBKkrIeCmK61gL9A0YTKZltCZJGQmQgh9Ap/Anbh17cOIW30P09RFa38Yzsd//jOc48UsEFLXP5XK2vrG5lZ1W93Z3ds/0A6PuiJKE0I7JGJR0vewoCwIaUcGktF+nFDMPUZ73uR21u890UQEUfgos5gOOR6HwSggWBaWq91zt+WYdZun6AZxV16oRTl3TLe16F0ie5Rgkt+5BGWudMxpbjTtOChgFnBMVCSIH0nhajW9oZdCq2D8Qc2qQqm2qz3bfkRSTkNJGBZiYOixHOY4kQFhdKraqaAxJhM8poMCQ8ypGObl4VN0Vjg+GkVJ8UKJSndxImepzJb+yDEXIuPesul5EfOnqlpsb/zfdRW6ZsNoNpoPVzXLmp8BVTiBU6iDAddgQQva0AECH/AF3/CjCOVFeVXe5tGK8jdzDEtS3n8BR+mMXA==</latexit>

m2
H
(µ = mt) = m→2

H
(µ = mt) +

Ncy2t
16ω2

m2
t
+ · · ·

<latexit sha1_base64="qiwWhKx3xaQwN2C7YJHVNNZvJUU=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScBUSkXbjouBGcFO1N2hDmZmehqEzmZCZCCX0CcStPptvY0y7sPaHAz/fufAflkhhrO9/k8rO7t7+QfXQOTo+OT2rnV/0jc5Sjj2upU6HjBqUIsaeFVbiMEmRKiZxwOYPv/3BG6ZG6LhrFwmGikaxmAlObYFe1cROanXf80u52yZYm3q7CqU6k9r7eKp5pjC2XFJjRoGf2DCnqRVc4tIZZwYTyuc0wlFhY6rQhHkZdek2CjJ1ZzotKrZuSf9u5DKzi40bOVXGLBTbhIxpOV06TpE++J912/RvvaDpNZ/v6u371RtQhSu4hhsIoAVteIQO9IBDBB/wCV+kQZ7IC+muRitkvXMJGyLhDyvxcbg=</latexit>

mt

<latexit sha1_base64="6BxS53YKfl5MWNPjv+PvqWA8KGI=">AAABhHicZY/NSsNAFIXvVK0x/kVduhGzcSEhqbRuRAJu3AgVTVtoQplMr3XoZBIyE6GEvoZbfS3fxph2E3tWH+feA+fEmeBKu+4PaW1t77R3jT1z/+Dw6Ng6OR2otMgZBiwVaT6KqULBJQaaa4GjLEeaxAKH8fzh7z78wFzxVL7qRYZRQmeSv3FGdWWFoUy5nKLU5svTxLJdx611sQneGmzfgFr9icXCacqKpIozQZUae26mo5LmmjOBSzMsFGaUzekMS5bEOZ+964Y7rlDSBFVU1kuaEVHoxdKsWnn/O2zCoON4Paf33LH9u1U9MOAcLuEKPLgFHx6hDwEwyOATvuCbtMk1uSHd1WuLrDNn0BC5/wVujWWi</latexit>

SM

<latexit sha1_base64="HEAT+FbJKf4Uq5cAV4RfC+0N2/k=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UZMF24MSZG4ESyI4LKCaQtNKJPpNQ6dTGJmIpTQ53Crj+XbGNNuYs/q49x74JwoE1xpx/khra3tnd22sWfuHxweHXdOTocqLXKGPktFmo8jqlBwib7mWuA4y5EmkcBRNH/4u48+MFc8lS96kWGY0FjyV86orqwwkCmXM5Ta7D52px3LsZ1aF5vgrsHqG1BrMO2wYJayIqnyTFClJq6T6bCkueZM4NIMCoUZZXMaY8mSKOfxm264kwolTVCFZT2lGRGFXizNqpX7v8MmDHu269nec8/q363qgQHncAlX4MIt9OEJBuADg3f4hC/4Jm1yTW6It3ptkXXmDBoi97+CiGWZ</latexit>

E

<latexit sha1_base64="NuNYhKwvqoKmVi3xdBRr9fUBbbs=">AAABo3icdU/LSsNAFL1TXzW+qi7dBEvBVZkUSdtdwE3BTdW+oA1lZjotQyeZkJkIJfQLxK1+m3/jNFWwCw9cOJxzz+VcmkihDcZfqLS3f3B4VD52Tk7Pzi8ql1cDrbKU8T5TUqUjSjSXIuZ9I4zkoyTlJKKSD+nyYeMPX3mqhYp7ZpXwMCKLWMwFI8ZKL9G0M61UcR1b+L67IV4Le5a0261Go+16hYVxNShDge608jaZKZZFPDZMEq3HHk5MmJPUCCb52plkmieELcmCjy2NScR1mBdV127NKjN3rlI7sXEL9W8il5lZ7dzISaT1KqK7IqVKztaOY9v/VnT/J4NG3fPr/tN9NQi2b0AZbuAW7sCDJgTQgS70gcEC3uEDPlENPaJn1NuultBP5hp2gMJvPQNxzQ==</latexit>

mH

<latexit sha1_base64="dxyRvIN5sDYRQNuuno5K2l4tEBA=">AAABpHicdU/LSsNAFL1TXzW+qi7dBIuPVZkUie0u4KYLFxVNW2hrmZlO69CZTMhMhBL6BYJb/TX/xjRVsAsPXDicc8/lXBpLYSzGX6i0sbm1vVPedfb2Dw6PKscnHaPThPGQaamTHiWGSxHx0AoreS9OOFFU8i6d3S397itPjNDRk53HfKjINBITwYhdSupq1BpVqriGc/i+uyReA3s5aTYb9XrT9QoL42pQhgLtUeVtMNYsVTyyTBJj+h6O7TAjiRVM8oUzSA2PCZuRKe/nNCKKm2FWdF24F7kydic6ySeybqH+TWQytfO1GxlRxswVXRcp1XK8cJy8/W9F93/Sqdc8v+Y/3FSDYPUGlOEMzuEaPLiFAFrQhhAYvMA7fMAnukT36BGFq9US+smcwhrQ8zeSqnH+</latexit>

m→
H

<latexit sha1_base64="rJeP575X+8fQrVtTHFW2jmTl3Ec=">AAAB2XicdY/LSsNAFIZPvNZ4i7p0EyyCq5IUSdtdwI0rqWAv0NQwM5m2oZMLmYkQhizciS5d+zRu9QF8G6epgl34w8A335kznINTFnJhWV/a2vrG5tZ2bUff3ds/ODSOjvs8yTNCeyRhSTbEiFMWxrQnQsHoMM0oijCjAzy/WtQHDzTjYRLfiSKl4whN43ASEiSU8o2Wl8cBzXCGCJXeLJ2hWCSR9CZKyBufmIUv7pultB0vDRWYUXUvfaNuNSwVxzEXYLctW0Gn0242O6ZdlSyr7tagStc3XrwgIXlEY0EY4nxkW6kYS5SJkDBa6l7OaYrIHE3pSGGMIsrHslqwNM+VCcxJkqkTC7Oyfzsky0Wx8odEEedFhFclxgkLSl1X0/+OaP4P/WbDdhrO7WXddZdrQA1O4QwuwIYWuHANXegBgTd4hw/41Ebao/akPS+frmk/PSewEu31G2STiCQ=</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="17pFMxaFuaHBgkOQGsvA8m3LJQQ=">AAABinicdY/NTsJAFIXv4F9F1KpLN41scENmGlNpdEGiiS4xsUBCkUzHK06Y/qQzJSGEN3Gr7+TbWEAXLDyrL/fck3tulCmpDaXfpLK1vbO7Z+1XD2qHR8f2yWlXp0UuMBCpSvN+xDUqmWBgpFHYz3LkcaSwF03uln5virmWafJsZhkOYz5O5JsU3JSjkW2HWsZOg1EaPmD38sUd2XXapKU8z1kCa1FWgu+3XNd32MqitN62YKXOyBbhayqKGBMjFNd6wGhmhnOeGykULqphoTHjYsLHOBdxlMvxu9mYDkpMeIx6OF/9sxlRhZktqmWrv9PO/9B1m8xrek9X9fbtuh5YcA4X0AAG19CGR+hAAAKm8AGf8EVqxCU+uVmvVshv5gw2RO5/AObFZmo=</latexit>

→ (100 GeV)2

<latexit sha1_base64="nyKR9rykS+ThsnfsHQi74JLeWxo=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXbjouBGcFO1N2hDmZmelqEzmZCZCCH0CcStPptvY0y7sPaHAz/fufAfFkthrO9/k8rO7t7+gXPoHh2fnJ5Vzy/6RqcJxx7XUidDRg1KEWHPCitxGCdIFZM4YIuH3/7gDRMjdNS1WYyhovNIzASntkCvajKcVGt+wy/lbZtgbWptB0p1JtX38VTzVGFkuaTGjAI/tmFOEyu4xKU7Tg3GlC/oHEeFjahCE+Zl1KVXL8jUm+mkqMh6Jf27kcvUZhs3cqqMyRTbhIxpOV26bpE++J912/RvG0Gz0Xy+q7XvV2+AA1dwDTcQQAva8Agd6AGHOXzAJ3yROnkiL6S7Gq2Q9c4lbIiEPwlFcZw=</latexit>

mX

<latexit sha1_base64="Ftu4w9cOK+Xu0SGi99ZYvN0ZAYc=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UbMxo0lKRI3gkE3boSKpi00oUym1zp0MhMzE6GUPodbfSzfxph2E3tWH+feA+ckmeDauO4PaWxsbm03rR17d2//4LB1dNzTqsgZhkwJlQ8SqlFwiaHhRuAgy5GmicB+Mr3/u/c/MNdcyRczyzBO6UTyV86oKa04korLMUpj3z0/jlqO23Yrna2DtwInsKBSd9Ri0VixIi3zTFCth56bmXhOc8OZwIUdFRozyqZ0gnOWJjmfvJmaOyxR0hR1PK+m1COiMLOFXbby/ndYh16n7flt/6njBDfLemDBKZzDBXhwDQE8QBdCYPAOn/AF36RJLskV8ZevDbLKnEBN5PYX3stl7g==</latexit>

BSM
<latexit sha1_base64="vlCMKDhjwY56HCdGUuBmbeAwW84=">AAABpXicdU9Na8JAFHxrv2z6ZdtjL6FS7Ek2UlK9BXrxUrBgVFAJu+sqi7tJyG4KEvwFPfTa/rT+m66xhXrowINh5s1jHk2l0AbjL1TZ2z84PKoeOyenZ+cXtcurgU7yjPGQJTLJRpRoLkXMQyOM5KM040RRyYd0+bTxh6880yKJ+2aV8qkii1jMBSPGSqFqNKJuVKvjJrbwfXdDvDb2LOl02q1Wx/VKC+N6UIUSvaj2NpklLFc8NkwSrcceTs20IJkRTPK1M8k1TwlbkgUfWxoTxfW0KMuu3TurzNx5ktmJjVuqfxOFzM1q50ZBlNYrRXdFShM5WzuObf9b0f2fDFpNz2/6Lw/1INi+AVW4gVu4Bw8eIYAu9CAEBgLe4QM+UQM9oz4abFcr6CdzDTtA0TfoenIv</latexit>

m→→
H

<latexit sha1_base64="XG66/LCznvkgFXIaVKQ51UPPoQI=">AAABsnicZY+7TsNAEEVnw8uYl4GSxiINlWVHKKFMREMZJPIQcRSt14OzynptedeRgpVf4WtooedvcB5CMrnV0cydmTtBKrjSrvtDanv7B4dHxrF5cnp2fmFdXvVVkmcMeywRSTYMqELBJfY01wKHaYY0DgQOgtnjqj+YY6Z4Il/0IsVxTCPJ3zijuixNrAc/wIjLgmuM+TsuTX9FZicMbWpPkc4XdkozzZlA00cZ/hknVt113LXsXfC2UG8bsFZ3YjE/TFgeo9RMUKVGnpvqcbFdXh7OFaaUzWiEBYuDjEdTXamOSpQ0RjUu1n9XR0SuF0uzTOX9z7AL/YbjNZ3mc6Pe7mzigQE3cAt34EEL2vAEXegBgw/4hC/4JvfklVDCNtYa2c5cQ0VE/AKJuHhh</latexit>

• Add a heavy particle
<latexit sha1_base64="OrgmXEkpdys9O0XbkMRKuPmmMVw=">AAACBHicbZDLSsNAFIZP6q3GW9Wlm8EiVISSBKkroeCmywr2Ak0bJtNpGTqTCZmJEEK2bnwVd+LWta/gS7jVpekFsdYfhvn4/3MOZ8YPOVPast6Nwtr6xuZWcdvc2d3bPygdHrWVjCNCW0RyGXV9rChnAW1ppjnthhHFwue0409upnnnnkaKyeBOJyHtCzwO2IgRrHPLK/nCawxSN4yYoMjJKq6I0TUSXvfcnF4/2b8VF8gdRZikidcdOFlq19yQ5TANBw7KUzKUWnmlslW1ZkKrYC+gXC/CTE2v9OgOJYkFDTThWKmebYW6n+JIM8JpZrqxoiEmEzymvRwDLKjqp7O/yNBZ7gzRSEb5CTSaub87Uh7rZGlGioVSifCXTd+XfJiZZr69/XfXVWg7VbtWrd1eluv1+TOgCCdwChWw4Qrq0IAmtIDAG3zAJ3wZD8aT8Wy8zEsLxqLnGJZkvH4DWHCU7g==</latexit>

m→2
H
(µ = mX) = m→→2

H
(µ = mX) +

y2
X

16ω2
m2

X
+ · · ·

<latexit sha1_base64="rJeP575X+8fQrVtTHFW2jmTl3Ec=">AAAB2XicdY/LSsNAFIZPvNZ4i7p0EyyCq5IUSdtdwI0rqWAv0NQwM5m2oZMLmYkQhizciS5d+zRu9QF8G6epgl34w8A335kznINTFnJhWV/a2vrG5tZ2bUff3ds/ODSOjvs8yTNCeyRhSTbEiFMWxrQnQsHoMM0oijCjAzy/WtQHDzTjYRLfiSKl4whN43ASEiSU8o2Wl8cBzXCGCJXeLJ2hWCSR9CZKyBufmIUv7pultB0vDRWYUXUvfaNuNSwVxzEXYLctW0Gn0242O6ZdlSyr7tagStc3XrwgIXlEY0EY4nxkW6kYS5SJkDBa6l7OaYrIHE3pSGGMIsrHslqwNM+VCcxJkqkTC7Oyfzsky0Wx8odEEedFhFclxgkLSl1X0/+OaP4P/WbDdhrO7WXddZdrQA1O4QwuwIYWuHANXegBgTd4hw/41Ebao/akPS+frmk/PSewEu31G2STiCQ=</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="34zfZbognU6oeZhYaWj9dD0JOe4=">AAABiXicdY/NTsJAFIXv4B+CStWlm0Y2uCEzjalgXJCw0CUmFkgokul4rROmP+lMTQjhSdzqQ/k2FtBFF57Vl3vuyT03SJXUhtJvUtnZ3ds/qB7W6kfHJw3r9GyokzwT6IlEJdk44BqVjNEz0igcpxnyKFA4Cub9tT96x0zLJH4yixSnEQ9j+SoFN8VoZjX8MLRbjFL/HodXz87MatI2LeS69hpYh7ICut2O43RttrEobfaqsNFgZgn/JRF5hLERims9YTQ10yXPjBQKVzU/15hyMechLkUUZDJ8M6XppMCYR6iny8075YjKzWJVK1r9nbb/h6HTZm7bfbxu9u629aAKF3AJLWBwAz14gAF4ICCHD/iEL1InjHTI7Xa1Qn4z51AS6f8ANfZl5Q==</latexit>

→ (100 GeV)2
<latexit sha1_base64="OeuAX4VSs3w5JxG7i5lLtJTDIio=">AAABlXicZY9LT8JAFIXv4Avrq+rCBRsiG1dNywJXJjU+4k5M5JFQQqbDtUyYzjSdKUnTYOKvcas/x39jBTbIWX05956bc8NEcG1c94dUtrZ3dveq+9bB4dHxiX161tUqSxl2mBIq7YdUo+ASO4Ybgf0kRRqHAnvh9O5v3pthqrmSryZPcBjTSPI3zqgprZFdC6TicozSWEXATf3BiZz5+wTpLK+P7IbruAvVN8FbQcOvwkLtkc2CsWJZXF5jgmo98NzEDAuaGs4Ezq0g05hQNqURFiwOUx5NzJo7KFHSGPWwWLy2HhGZyedW2cr732ETuk3Hazmtl2bDv13WgyrU4BKuwINr8OEJ2tABBh/wCV/wTS7IDbknj8vVClllzmFN5PkXUItr4g==</latexit>

E.g. heavy
<latexit sha1_base64="bA01TLJp5dfGcpI+1OSJetJ2nCw=">AAABpnicZY/LSsNAFIbP1FuNt6pLN8EidFUSkRZcBdy4kiqmLbSlzkxPy9jJTMhMhBD6BG7c6pv5Nsa0C2t/OPDznQv/YbEUxnreN6lsbe/s7lX3nYPDo+OT2ulZ1+g04RhyLXXSZ9SgFApDK6zEfpwgjZjEHpvf/fZ7b5gYodWzzWIcRXSmxFRwagvUHap0/HQ7rtW9plfK3TT+ytSDKpTqjGvvw4nmaYTKckmNGfhebEc5TazgEhfOMDUYUz6nMxwUVtEIzSgv0y7cq4JM3KlOilLWLenfjVymNlu7kdPImCxi65AxLScLxynS+/+zbpruddNvNVuPN/UgWL4BVbiAS2iAD20I4B46EAKHV/iAT/giDfJAQtJbjlbIaucc1kRefgDBmXLE</latexit>

ωR :
<latexit sha1_base64="CihXr286rDfZZGxWwDBNkTRXl3Y=">AAAB6nicZY9LS8NAEMcnPmt8RT16WSyCIJREpJ6EoB56qFAffUBTwu52W0J3k5DdiCHkE3jzJl49+2m8eNDPYkx6sPYPM/z2PzPLDAm5J5VpfmoLi0vLK6uVNX19Y3Nr29jZ7cggjihr04AHUY9gybjns7byFGe9MGJYEM66ZHL5W+8+sEh6gX+vkpANBB773sijWOWWazScK+ZIGqXNzHUUe1Tpxd11hvRzlLiOHyOH4KLWRA2Uv91b/RgJNy0wK50yu0bVrJmF0DxYU6jaFSjUco0nZxjQWDBfUY6l7FtmqAYpjpRHOct0J5YsxHSCx6yfo48Fk4O0uDhDh7kzRKMgysNXqHD/TqQ8VsnMHykWUiaCzJqEBHyY6Xq+vfV/13nonNSseq1+c1q17fIMqMA+HMARWHAGNjSgBW2g8A4f8AXfGteetRfttWxd0KYzezAj7e0HuVyMhQ==</latexit>

!LBSM = yωL̄LHωR +mωRωRωR
<latexit sha1_base64="Hy+MqcF32Q84z7C3TPApZVaCA6M=">AAAB0XicZU/LSsNQEJ3UV42vqEs30SK4kJgUqduCGxcu6qMPaGq4uZ2Wi/cmIfdGDCEibrv2a9zqR/g3xrQLaw8MHM7MmTnjR5xJZdvfWmVpeWV1rbqub2xube8Yu3sdGSYxxTYNeRj3fCKRswDbiimOvShGInyOXf/x8rfffcJYsjC4V2mEA0HGARsxSlQhecaZ8DI3SLzr3HQlE6ZtOS+uwmeVYSfX3VMznfYz9/A2zx/qnlGzLbuEuUicGak1q1Ci5RkTdxjSRGCgKCdS9h07UoOMxIpRjsWJRGJE6CMZY7+gAREoB1n5WG4eF8rQHIVxUYEyS/WvI+OJSud2ZERImQp/XvT9kA9zXS/SO/+zLpJO3XIaVuPmvNZsTt+AKhzAEZyAAxfQhCtoQRsovMMHfMKXdqel2qv2Nh2taDPPPsxBm/wA4tuDUA==</latexit>

mωL → 0.1 eV y2ωR
<latexit sha1_base64="1Ym6MegLcTWn0B9zAAXgS2t4h5U=">AAABhXicZY87T8MwFIWvy6MhvAKMLIgsLFRJhcpIEQtjkehDaqLKcW+DVccOtoNUVf0drPCz+DeEtEvomT6de490TpILbmwQ/JDGzu7eftM5cA+Pjk9OvbPzgVGFZthnSig9SqhBwSX2LbcCR7lGmiUCh8n86e8+/EBtuJKvdpFjnNFU8hln1JZWHEnF5RSldWdKTzw/aAWVrrYh3IDfdaBSb+KxaKpYkZV5Jqgx4zDIbbyk2nImcOVGhcGcsjlNccmyRPP0zdbccYmSZmjiZTWlHhGFXazcslX4v8M2DNqtsNPqvLT97uO6HjhwCddwAyHcQxeeoQd9YPAOn/AF36RJbskd6axfG2STuYCayMMvTghmWA==</latexit>

for
<latexit sha1_base64="uMTKWWiqj8QzZfLbjvFsgrPDp5s=">AAABwHicZU9NS8NAEJ3Urxq/oh4FiRbBU8lKqdegBz1WsR/Q1LC73dalu9mY3Qg15ObNf+JV/4z/xpj2YO2DGR5v5g1vSCy4Np73bVVWVtfWN6qb9tb2zu6es3/Q0SpNKGtTJVTSI1gzwSPWNtwI1osThiURrEsm17/z7gtLNFfRg5nGbCDxOOIjTrEppNA5lmEWRGnRTu7z3A00ly7yHjPUyIMb1gmdmlf3SrjLBM1Jza9CiVbovAdDRVPJIkMF1rqPvNgMMpwYTgXL7SDVLMZ0gsesX9AIS6YHWflH7p4VytAdqaSoyLil+teRidRMF25kWGo9lWRRJESJYW7bRXr0P+sy6VzUUbPevGvUfH/2BlThCE7hHBBcgg+30II2UHiDD/iEL+vKerKU9TxbrVhzzyEswHr9AZxhfEM=</latexit>

mωR → 1014 GeV



Calculability
<latexit sha1_base64="lZUxboZL7lnu5pv1krhlKJ3zea0=">AAABynicZZC7TsMwFIZPyq2EW4CRJaILA6qSDu1axAADSEXQi9RUleMeglXbiWynqETdeCbeBYkVnoOkrZBK/+nTsc/vTw4TzrTxvE+rtLG5tb1T3rX39g8Oj5zjk46OU0WxTWMeq15INHImsW2Y4dhLFBIRcuyG4+vivDtBpVksn8w0wYEgkWTPjBKTj4ZOKwgxYjJjBgV7w5kdFGTfsAlK9/HeTYgiAk3ecOm+okuJdAUZo5s/MmK06NB2gHL0VzB0Kl7Vm8ddB38JlWYZ5mkNHRqMYpoKlIZyonXf9xIzyIgyjPJCKNWYEDomEWZUhIpFL2Zl2s9R5pJ6kM3/Y3WFp2Y6s3Mr/7/DOnRqVb9erT/UKs2rhR6U4QzO4QJ8aEATbqEFbaDwAV/wDT/WnaWsqZUtrpas5c4prMR6/wXfvYIf</latexit>

• Given SM parameters, we can make predictions
<latexit sha1_base64="zlu2Wpn/0aZwxkaO5/WV4B8F3EY=">AAABpnicZY/NTsJAFIXv+Iv1r+rSTSMbFqZpWeAWY0xcGUwskFCC02GsE6YzdebWhDT4ED6NW30L38YKbJCz+nLuPTfnJrkUFoPgh2xsbm3v7Nb2nP2Dw6Nj9+S0a3VhGI+Yltr0E2q5FIpHKFDyfm44zRLJe8nk5m/ee+PGCq0ecZrzYUZTJZ4Fo1hZI/cyVlqoMVfolLFA79ZP/dm7UMhTQ5F7ukAPde69FtRMRm498IO5vHUIl1Bv12Cuzshl8VizIqvOM0mtHYRBjsOSGhRM8pkTF5bnlE1oykuWJUakL7jiDipUNON2WM5/XY3IAqczp2oV/u+wDt2mH7b81kOz3r5e1IManMMFNCCEK2jDHXQgAgYf8Alf8E0a5J5EpLdY3SDLzBmsiDz9AuQac0E=</latexit>

E.g. integrate out top quark
<latexit sha1_base64="xw+F1QNQkCXUHBSaImYDM+R6OBk=">AAAB8XicZY/LSsNAFIZP6q3GW9Slm8EiVoSSBKkrIeCmK61gL9A0YTKZltCZJGQmQgh9Ap/Anbh17cOIW30P09RFa38Yzsd//jOc48UsEFLXP5XK2vrG5lZ1W93Z3ds/0A6PuiJKE0I7JGJR0vewoCwIaUcGktF+nFDMPUZ73uR21u890UQEUfgos5gOOR6HwSggWBaWq91zt+WYdZun6AZxV16oRTl3TLe16F0ie5Rgkt+5BGWudMxpbjTtOChgFnBMVCSIH0nhajW9oZdCq2D8Qc2qQqm2qz3bfkRSTkNJGBZiYOixHOY4kQFhdKraqaAxJhM8poMCQ8ypGObl4VN0Vjg+GkVJ8UKJSndxImepzJb+yDEXIuPesul5EfOnqlpsb/zfdRW6ZsNoNpoPVzXLmp8BVTiBU6iDAddgQQva0AECH/AF3/CjCOVFeVXe5tGK8jdzDEtS3n8BR+mMXA==</latexit>

m2
H
(µ = mt) = m→2

H
(µ = mt) +

Ncy2t
16ω2

m2
t
+ · · ·

<latexit sha1_base64="qiwWhKx3xaQwN2C7YJHVNNZvJUU=">AAABo3icZY/LSsNAFIbP1FuNt6pLN8FScBUSkXbjouBGcFO1N2hDmZmehqEzmZCZCCX0CcStPptvY0y7sPaHAz/fufAflkhhrO9/k8rO7t7+QfXQOTo+OT2rnV/0jc5Sjj2upU6HjBqUIsaeFVbiMEmRKiZxwOYPv/3BG6ZG6LhrFwmGikaxmAlObYFe1cROanXf80u52yZYm3q7CqU6k9r7eKp5pjC2XFJjRoGf2DCnqRVc4tIZZwYTyuc0wlFhY6rQhHkZdek2CjJ1ZzotKrZuSf9u5DKzi40bOVXGLBTbhIxpOV06TpE++J912/RvvaDpNZ/v6u371RtQhSu4hhsIoAVteIQO9IBDBB/wCV+kQZ7IC+muRitkvXMJGyLhDyvxcbg=</latexit>

mt

<latexit sha1_base64="6BxS53YKfl5MWNPjv+PvqWA8KGI=">AAABhHicZY/NSsNAFIXvVK0x/kVduhGzcSEhqbRuRAJu3AgVTVtoQplMr3XoZBIyE6GEvoZbfS3fxph2E3tWH+feA+fEmeBKu+4PaW1t77R3jT1z/+Dw6Ng6OR2otMgZBiwVaT6KqULBJQaaa4GjLEeaxAKH8fzh7z78wFzxVL7qRYZRQmeSv3FGdWWFoUy5nKLU5svTxLJdx611sQneGmzfgFr9icXCacqKpIozQZUae26mo5LmmjOBSzMsFGaUzekMS5bEOZ+964Y7rlDSBFVU1kuaEVHoxdKsWnn/O2zCoON4Paf33LH9u1U9MOAcLuEKPLgFHx6hDwEwyOATvuCbtMk1uSHd1WuLrDNn0BC5/wVujWWi</latexit>

SM

<latexit sha1_base64="HEAT+FbJKf4Uq5cAV4RfC+0N2/k=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UZMF24MSZG4ESyI4LKCaQtNKJPpNQ6dTGJmIpTQ53Crj+XbGNNuYs/q49x74JwoE1xpx/khra3tnd22sWfuHxweHXdOTocqLXKGPktFmo8jqlBwib7mWuA4y5EmkcBRNH/4u48+MFc8lS96kWGY0FjyV86orqwwkCmXM5Ta7D52px3LsZ1aF5vgrsHqG1BrMO2wYJayIqnyTFClJq6T6bCkueZM4NIMCoUZZXMaY8mSKOfxm264kwolTVCFZT2lGRGFXizNqpX7v8MmDHu269nec8/q363qgQHncAlX4MIt9OEJBuADg3f4hC/4Jm1yTW6It3ptkXXmDBoi97+CiGWZ</latexit>

E

<latexit sha1_base64="NuNYhKwvqoKmVi3xdBRr9fUBbbs=">AAABo3icdU/LSsNAFL1TXzW+qi7dBEvBVZkUSdtdwE3BTdW+oA1lZjotQyeZkJkIJfQLxK1+m3/jNFWwCw9cOJxzz+VcmkihDcZfqLS3f3B4VD52Tk7Pzi8ql1cDrbKU8T5TUqUjSjSXIuZ9I4zkoyTlJKKSD+nyYeMPX3mqhYp7ZpXwMCKLWMwFI8ZKL9G0M61UcR1b+L67IV4Le5a0261Go+16hYVxNShDge608jaZKZZFPDZMEq3HHk5MmJPUCCb52plkmieELcmCjy2NScR1mBdV127NKjN3rlI7sXEL9W8il5lZ7dzISaT1KqK7IqVKztaOY9v/VnT/J4NG3fPr/tN9NQi2b0AZbuAW7sCDJgTQgS70gcEC3uEDPlENPaJn1NuultBP5hp2gMJvPQNxzQ==</latexit>

mH

<latexit sha1_base64="dxyRvIN5sDYRQNuuno5K2l4tEBA=">AAABpHicdU/LSsNAFL1TXzW+qi7dBIuPVZkUie0u4KYLFxVNW2hrmZlO69CZTMhMhBL6BYJb/TX/xjRVsAsPXDicc8/lXBpLYSzGX6i0sbm1vVPedfb2Dw6PKscnHaPThPGQaamTHiWGSxHx0AoreS9OOFFU8i6d3S397itPjNDRk53HfKjINBITwYhdSupq1BpVqriGc/i+uyReA3s5aTYb9XrT9QoL42pQhgLtUeVtMNYsVTyyTBJj+h6O7TAjiRVM8oUzSA2PCZuRKe/nNCKKm2FWdF24F7kydic6ySeybqH+TWQytfO1GxlRxswVXRcp1XK8cJy8/W9F93/Sqdc8v+Y/3FSDYPUGlOEMzuEaPLiFAFrQhhAYvMA7fMAnukT36BGFq9US+smcwhrQ8zeSqnH+</latexit>

m→
H

<latexit sha1_base64="rJeP575X+8fQrVtTHFW2jmTl3Ec=">AAAB2XicdY/LSsNAFIZPvNZ4i7p0EyyCq5IUSdtdwI0rqWAv0NQwM5m2oZMLmYkQhizciS5d+zRu9QF8G6epgl34w8A335kznINTFnJhWV/a2vrG5tZ2bUff3ds/ODSOjvs8yTNCeyRhSTbEiFMWxrQnQsHoMM0oijCjAzy/WtQHDzTjYRLfiSKl4whN43ASEiSU8o2Wl8cBzXCGCJXeLJ2hWCSR9CZKyBufmIUv7pultB0vDRWYUXUvfaNuNSwVxzEXYLctW0Gn0242O6ZdlSyr7tagStc3XrwgIXlEY0EY4nxkW6kYS5SJkDBa6l7OaYrIHE3pSGGMIsrHslqwNM+VCcxJkqkTC7Oyfzsky0Wx8odEEedFhFclxgkLSl1X0/+OaP4P/WbDdhrO7WXddZdrQA1O4QwuwIYWuHANXegBgTd4hw/41Ebao/akPS+frmk/PSewEu31G2STiCQ=</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="17pFMxaFuaHBgkOQGsvA8m3LJQQ=">AAABinicdY/NTsJAFIXv4F9F1KpLN41scENmGlNpdEGiiS4xsUBCkUzHK06Y/qQzJSGEN3Gr7+TbWEAXLDyrL/fck3tulCmpDaXfpLK1vbO7Z+1XD2qHR8f2yWlXp0UuMBCpSvN+xDUqmWBgpFHYz3LkcaSwF03uln5virmWafJsZhkOYz5O5JsU3JSjkW2HWsZOg1EaPmD38sUd2XXapKU8z1kCa1FWgu+3XNd32MqitN62YKXOyBbhayqKGBMjFNd6wGhmhnOeGykULqphoTHjYsLHOBdxlMvxu9mYDkpMeIx6OF/9sxlRhZktqmWrv9PO/9B1m8xrek9X9fbtuh5YcA4X0AAG19CGR+hAAAKm8AGf8EVqxCU+uVmvVshv5gw2RO5/AObFZmo=</latexit>

→ (100 GeV)2

<latexit sha1_base64="nyKR9rykS+ThsnfsHQi74JLeWxo=">AAABo3icZY/LSsNAFIbP1FuMt6pLN8FScFUSkXbjouBGcFO1N2hDmZmelqEzmZCZCCH0CcStPptvY0y7sPaHAz/fufAfFkthrO9/k8rO7t7+gXPoHh2fnJ5Vzy/6RqcJxx7XUidDRg1KEWHPCitxGCdIFZM4YIuH3/7gDRMjdNS1WYyhovNIzASntkCvajKcVGt+wy/lbZtgbWptB0p1JtX38VTzVGFkuaTGjAI/tmFOEyu4xKU7Tg3GlC/oHEeFjahCE+Zl1KVXL8jUm+mkqMh6Jf27kcvUZhs3cqqMyRTbhIxpOV26bpE++J912/RvG0Gz0Xy+q7XvV2+AA1dwDTcQQAva8Agd6AGHOXzAJ3yROnkiL6S7Gq2Q9c4lbIiEPwlFcZw=</latexit>

mX

<latexit sha1_base64="Ftu4w9cOK+Xu0SGi99ZYvN0ZAYc=">AAABhXicZY/NSsNAFIXv1J/G+Fd16UbMxo0lKRI3gkE3boSKpi00oUym1zp0MhMzE6GUPodbfSzfxph2E3tWH+feA+ckmeDauO4PaWxsbm03rR17d2//4LB1dNzTqsgZhkwJlQ8SqlFwiaHhRuAgy5GmicB+Mr3/u/c/MNdcyRczyzBO6UTyV86oKa04korLMUpj3z0/jlqO23Yrna2DtwInsKBSd9Ri0VixIi3zTFCth56bmXhOc8OZwIUdFRozyqZ0gnOWJjmfvJmaOyxR0hR1PK+m1COiMLOFXbby/ndYh16n7flt/6njBDfLemDBKZzDBXhwDQE8QBdCYPAOn/AF36RJLskV8ZevDbLKnEBN5PYX3stl7g==</latexit>

BSM
<latexit sha1_base64="vlCMKDhjwY56HCdGUuBmbeAwW84=">AAABpXicdU9Na8JAFHxrv2z6ZdtjL6FS7Ek2UlK9BXrxUrBgVFAJu+sqi7tJyG4KEvwFPfTa/rT+m66xhXrowINh5s1jHk2l0AbjL1TZ2z84PKoeOyenZ+cXtcurgU7yjPGQJTLJRpRoLkXMQyOM5KM040RRyYd0+bTxh6880yKJ+2aV8qkii1jMBSPGSqFqNKJuVKvjJrbwfXdDvDb2LOl02q1Wx/VKC+N6UIUSvaj2NpklLFc8NkwSrcceTs20IJkRTPK1M8k1TwlbkgUfWxoTxfW0KMuu3TurzNx5ktmJjVuqfxOFzM1q50ZBlNYrRXdFShM5WzuObf9b0f2fDFpNz2/6Lw/1INi+AVW4gVu4Bw8eIYAu9CAEBgLe4QM+UQM9oz4abFcr6CdzDTtA0TfoenIv</latexit>

m→→
H

<latexit sha1_base64="XG66/LCznvkgFXIaVKQ51UPPoQI=">AAABsnicZY+7TsNAEEVnw8uYl4GSxiINlWVHKKFMREMZJPIQcRSt14OzynptedeRgpVf4WtooedvcB5CMrnV0cydmTtBKrjSrvtDanv7B4dHxrF5cnp2fmFdXvVVkmcMeywRSTYMqELBJfY01wKHaYY0DgQOgtnjqj+YY6Z4Il/0IsVxTCPJ3zijuixNrAc/wIjLgmuM+TsuTX9FZicMbWpPkc4XdkozzZlA00cZ/hknVt113LXsXfC2UG8bsFZ3YjE/TFgeo9RMUKVGnpvqcbFdXh7OFaaUzWiEBYuDjEdTXamOSpQ0RjUu1n9XR0SuF0uzTOX9z7AL/YbjNZ3mc6Pe7mzigQE3cAt34EEL2vAEXegBgw/4hC/4JvfklVDCNtYa2c5cQ0VE/AKJuHhh</latexit>

• Add a heavy particle
<latexit sha1_base64="OrgmXEkpdys9O0XbkMRKuPmmMVw=">AAACBHicbZDLSsNAFIZP6q3GW9Wlm8EiVISSBKkroeCmywr2Ak0bJtNpGTqTCZmJEEK2bnwVd+LWta/gS7jVpekFsdYfhvn4/3MOZ8YPOVPast6Nwtr6xuZWcdvc2d3bPygdHrWVjCNCW0RyGXV9rChnAW1ppjnthhHFwue0409upnnnnkaKyeBOJyHtCzwO2IgRrHPLK/nCawxSN4yYoMjJKq6I0TUSXvfcnF4/2b8VF8gdRZikidcdOFlq19yQ5TANBw7KUzKUWnmlslW1ZkKrYC+gXC/CTE2v9OgOJYkFDTThWKmebYW6n+JIM8JpZrqxoiEmEzymvRwDLKjqp7O/yNBZ7gzRSEb5CTSaub87Uh7rZGlGioVSifCXTd+XfJiZZr69/XfXVWg7VbtWrd1eluv1+TOgCCdwChWw4Qrq0IAmtIDAG3zAJ3wZD8aT8Wy8zEsLxqLnGJZkvH4DWHCU7g==</latexit>

m→2
H
(µ = mX) = m→→2

H
(µ = mX) +

y2
X

16ω2
m2

X
+ · · ·

<latexit sha1_base64="rJeP575X+8fQrVtTHFW2jmTl3Ec=">AAAB2XicdY/LSsNAFIZPvNZ4i7p0EyyCq5IUSdtdwI0rqWAv0NQwM5m2oZMLmYkQhizciS5d+zRu9QF8G6epgl34w8A335kznINTFnJhWV/a2vrG5tZ2bUff3ds/ODSOjvs8yTNCeyRhSTbEiFMWxrQnQsHoMM0oijCjAzy/WtQHDzTjYRLfiSKl4whN43ASEiSU8o2Wl8cBzXCGCJXeLJ2hWCSR9CZKyBufmIUv7pultB0vDRWYUXUvfaNuNSwVxzEXYLctW0Gn0242O6ZdlSyr7tagStc3XrwgIXlEY0EY4nxkW6kYS5SJkDBa6l7OaYrIHE3pSGGMIsrHslqwNM+VCcxJkqkTC7Oyfzsky0Wx8odEEedFhFclxgkLSl1X0/+OaP4P/WbDdhrO7WXddZdrQA1O4QwuwIYWuHANXegBgTd4hw/41Ebao/akPS+frmk/PSewEu31G2STiCQ=</latexit> ︸ ︷︷ ︸
<latexit sha1_base64="34zfZbognU6oeZhYaWj9dD0JOe4=">AAABiXicdY/NTsJAFIXv4B+CStWlm0Y2uCEzjalgXJCw0CUmFkgokul4rROmP+lMTQjhSdzqQ/k2FtBFF57Vl3vuyT03SJXUhtJvUtnZ3ds/qB7W6kfHJw3r9GyokzwT6IlEJdk44BqVjNEz0igcpxnyKFA4Cub9tT96x0zLJH4yixSnEQ9j+SoFN8VoZjX8MLRbjFL/HodXz87MatI2LeS69hpYh7ICut2O43RttrEobfaqsNFgZgn/JRF5hLERims9YTQ10yXPjBQKVzU/15hyMechLkUUZDJ8M6XppMCYR6iny8075YjKzWJVK1r9nbb/h6HTZm7bfbxu9u629aAKF3AJLWBwAz14gAF4ICCHD/iEL1InjHTI7Xa1Qn4z51AS6f8ANfZl5Q==</latexit>

→ (100 GeV)2
<latexit sha1_base64="OeuAX4VSs3w5JxG7i5lLtJTDIio=">AAABlXicZY9LT8JAFIXv4Avrq+rCBRsiG1dNywJXJjU+4k5M5JFQQqbDtUyYzjSdKUnTYOKvcas/x39jBTbIWX05956bc8NEcG1c94dUtrZ3dveq+9bB4dHxiX161tUqSxl2mBIq7YdUo+ASO4Ybgf0kRRqHAnvh9O5v3pthqrmSryZPcBjTSPI3zqgprZFdC6TicozSWEXATf3BiZz5+wTpLK+P7IbruAvVN8FbQcOvwkLtkc2CsWJZXF5jgmo98NzEDAuaGs4Ezq0g05hQNqURFiwOUx5NzJo7KFHSGPWwWLy2HhGZyedW2cr732ETuk3Hazmtl2bDv13WgyrU4BKuwINr8OEJ2tABBh/wCV/wTS7IDbknj8vVClllzmFN5PkXUItr4g==</latexit>

E.g. heavy
<latexit sha1_base64="bA01TLJp5dfGcpI+1OSJetJ2nCw=">AAABpnicZY/LSsNAFIbP1FuNt6pLN8EidFUSkRZcBdy4kiqmLbSlzkxPy9jJTMhMhBD6BG7c6pv5Nsa0C2t/OPDznQv/YbEUxnreN6lsbe/s7lX3nYPDo+OT2ulZ1+g04RhyLXXSZ9SgFApDK6zEfpwgjZjEHpvf/fZ7b5gYodWzzWIcRXSmxFRwagvUHap0/HQ7rtW9plfK3TT+ytSDKpTqjGvvw4nmaYTKckmNGfhebEc5TazgEhfOMDUYUz6nMxwUVtEIzSgv0y7cq4JM3KlOilLWLenfjVymNlu7kdPImCxi65AxLScLxynS+/+zbpruddNvNVuPN/UgWL4BVbiAS2iAD20I4B46EAKHV/iAT/giDfJAQtJbjlbIaucc1kRefgDBmXLE</latexit>

ωR :
<latexit sha1_base64="CihXr286rDfZZGxWwDBNkTRXl3Y=">AAAB6nicZY9LS8NAEMcnPmt8RT16WSyCIJREpJ6EoB56qFAffUBTwu52W0J3k5DdiCHkE3jzJl49+2m8eNDPYkx6sPYPM/z2PzPLDAm5J5VpfmoLi0vLK6uVNX19Y3Nr29jZ7cggjihr04AHUY9gybjns7byFGe9MGJYEM66ZHL5W+8+sEh6gX+vkpANBB773sijWOWWazScK+ZIGqXNzHUUe1Tpxd11hvRzlLiOHyOH4KLWRA2Uv91b/RgJNy0wK50yu0bVrJmF0DxYU6jaFSjUco0nZxjQWDBfUY6l7FtmqAYpjpRHOct0J5YsxHSCx6yfo48Fk4O0uDhDh7kzRKMgysNXqHD/TqQ8VsnMHykWUiaCzJqEBHyY6Xq+vfV/13nonNSseq1+c1q17fIMqMA+HMARWHAGNjSgBW2g8A4f8AXfGteetRfttWxd0KYzezAj7e0HuVyMhQ==</latexit>

!LBSM = yωL̄LHωR +mωRωRωR
<latexit sha1_base64="Hy+MqcF32Q84z7C3TPApZVaCA6M=">AAAB0XicZU/LSsNQEJ3UV42vqEs30SK4kJgUqduCGxcu6qMPaGq4uZ2Wi/cmIfdGDCEibrv2a9zqR/g3xrQLaw8MHM7MmTnjR5xJZdvfWmVpeWV1rbqub2xube8Yu3sdGSYxxTYNeRj3fCKRswDbiimOvShGInyOXf/x8rfffcJYsjC4V2mEA0HGARsxSlQhecaZ8DI3SLzr3HQlE6ZtOS+uwmeVYSfX3VMznfYz9/A2zx/qnlGzLbuEuUicGak1q1Ci5RkTdxjSRGCgKCdS9h07UoOMxIpRjsWJRGJE6CMZY7+gAREoB1n5WG4eF8rQHIVxUYEyS/WvI+OJSud2ZERImQp/XvT9kA9zXS/SO/+zLpJO3XIaVuPmvNZsTt+AKhzAEZyAAxfQhCtoQRsovMMHfMKXdqel2qv2Nh2taDPPPsxBm/wA4tuDUA==</latexit>

mωL → 0.1 eV y2ωR
<latexit sha1_base64="1Ym6MegLcTWn0B9zAAXgS2t4h5U=">AAABhXicZY87T8MwFIWvy6MhvAKMLIgsLFRJhcpIEQtjkehDaqLKcW+DVccOtoNUVf0drPCz+DeEtEvomT6de490TpILbmwQ/JDGzu7eftM5cA+Pjk9OvbPzgVGFZthnSig9SqhBwSX2LbcCR7lGmiUCh8n86e8+/EBtuJKvdpFjnNFU8hln1JZWHEnF5RSldWdKTzw/aAWVrrYh3IDfdaBSb+KxaKpYkZV5Jqgx4zDIbbyk2nImcOVGhcGcsjlNccmyRPP0zdbccYmSZmjiZTWlHhGFXazcslX4v8M2DNqtsNPqvLT97uO6HjhwCddwAyHcQxeeoQd9YPAOn/AF36RJbskd6axfG2STuYCayMMvTghmWA==</latexit>

for
<latexit sha1_base64="uMTKWWiqj8QzZfLbjvFsgrPDp5s=">AAABwHicZU9NS8NAEJ3Urxq/oh4FiRbBU8lKqdegBz1WsR/Q1LC73dalu9mY3Qg15ObNf+JV/4z/xpj2YO2DGR5v5g1vSCy4Np73bVVWVtfWN6qb9tb2zu6es3/Q0SpNKGtTJVTSI1gzwSPWNtwI1osThiURrEsm17/z7gtLNFfRg5nGbCDxOOIjTrEppNA5lmEWRGnRTu7z3A00ly7yHjPUyIMb1gmdmlf3SrjLBM1Jza9CiVbovAdDRVPJIkMF1rqPvNgMMpwYTgXL7SDVLMZ0gsesX9AIS6YHWflH7p4VytAdqaSoyLil+teRidRMF25kWGo9lWRRJESJYW7bRXr0P+sy6VzUUbPevGvUfH/2BlThCE7hHBBcgg+30II2UHiDD/iEL+vKerKU9TxbrVhzzyEswHr9AZxhfEM=</latexit>

mωR → 1014 GeV
<latexit sha1_base64="0E3v5hy16cHjqa4gyJHpCEpIAWM=">AAACBXicZZA7T8MwEMcv5VXCK8DIYqiQioRKEpWyRjDAWBB9SE1bOa5bWXUeih2kKMrMwGdhQ6zMfAQ+BStshLQDoX/J1k//853vzgk4E1LXP5TS0vLK6lp5Xd3Y3Nre0Xb32sKPQkJbxOd+2HWwoJx5tCWZ5LQbhBS7DqcdZ3r1G+880FAw37uXcUD7Lp54bMwIlpk11Ig9DjFJ4mFie1F2Hd6l6cBME6NhBywD5BYjqn3JJmeoaui6fU3bJwMTIdUWzEWGPkjM81S1T1GxWn2oVfSangstgjGHilWGXM2h9mSPfBK51JOEYyF6hh7IfoJDyQin2ReRoAEmUzyhvQw97FLRT/JlpOg4c0Zo7IfZ8STK3b8ZCY9kXKiRYFeI2HWKpuP4fJSqata98b/XRWibNaNRa9zWK5Y1GwPKcABHUAUDLsCCG2hCCwi8wyd8wbfyqDwrL8rr7GlJmefsQ0HK2w9fhJVc</latexit>

y2ωR
16ω2

m2
ωR

/
(100 GeV)2 → 1025 y4ωR



Is It a Problem?



Is It a Problem?
<latexit sha1_base64="d2xWSdeYragJK3dFwG/twk0YNxc=">AAACAXicZZC7TsMwGIVtriXcAh0ByVAGpihhgLWIhQkVqRckUlWO+5Na2E6wnYoQdWLgWdgQK0/CQ/AOpBchFY5k69Oxj33sKBXcWN//wguLS8srq5U1Z31jc2vb3dltmyTTDFosEYm+jagBwRW0LLcCblMNVEYCOtHD5Xi9MwRteKKaNk+hK2ms+D1n1JZWz30NI4i5KrgFyZ9h5IRjcq4TkuqkPEQSfk/sADQQWg5V+oPclHFBTDmBITRKhkCOQ8MlCS082aIJ7dGxE4aO53lcMZH1uYrJY0aVzSSJNR1ymx86Iaj+7709t+Z7/kTkPwQzqNUraKJGz2VhP2GZBGWZoMbcBX5quwXVljMxfkdmIKXsgcZQMBlpHg/snHtXoqISTLeYfON8RGQ2Hzllq+Bvh//QPvWCM+/s5rRWv5jWQxW0h47QCQrQOaqjK9RALcTQN67ifXyAX/Abfscf060LeJapojnhzx+1AJSo</latexit>

• No problem if there are no physical scales above → TeV
...including quantum gravity!



Is It a Problem?
<latexit sha1_base64="d2xWSdeYragJK3dFwG/twk0YNxc=">AAACAXicZZC7TsMwGIVtriXcAh0ByVAGpihhgLWIhQkVqRckUlWO+5Na2E6wnYoQdWLgWdgQK0/CQ/AOpBchFY5k69Oxj33sKBXcWN//wguLS8srq5U1Z31jc2vb3dltmyTTDFosEYm+jagBwRW0LLcCblMNVEYCOtHD5Xi9MwRteKKaNk+hK2ms+D1n1JZWz30NI4i5KrgFyZ9h5IRjcq4TkuqkPEQSfk/sADQQWg5V+oPclHFBTDmBITRKhkCOQ8MlCS082aIJ7dGxE4aO53lcMZH1uYrJY0aVzSSJNR1ymx86Iaj+7709t+Z7/kTkPwQzqNUraKJGz2VhP2GZBGWZoMbcBX5quwXVljMxfkdmIKXsgcZQMBlpHg/snHtXoqISTLeYfON8RGQ2Hzllq+Bvh//QPvWCM+/s5rRWv5jWQxW0h47QCQrQOaqjK9RALcTQN67ifXyAX/Abfscf060LeJapojnhzx+1AJSo</latexit>

• No problem if there are no physical scales above → TeV
...including quantum gravity!

<latexit sha1_base64="ke1qeikDaXtBgQ/FVWgJEQ2e2yE=">AAACEXicZZC/TsMwEMZt/pbwr8DIYtEBBqiSDrAWsbBRJFqQSFUuzpFYOHZkO0CpeAoGnoUNsfIEPAwSSUFIhW/66bs73XcX5VJY5/sfdGp6ZnZuvrbgLS4tr6zW19Z7VheGY5drqc1FBBalUNh1wkm8yA1CFkk8j26Oqvr5LRortDpzwxz7GSRKXAsOrrQG9ecwwkSokXCYiQd89MKKvBOXorkTFneZBJMgSwUaMDwdsiu8zyWU6+JtFg1Z2ciugbsSwHlh6FVGoUS1FJmwjEtdgtMMmEWuVexpE6NheQqVb0BZUWXxQlTxb45BveE3/bHYfwh+oNGukbE6gzoPY82LDJXjEqy9DPzc9UdgnOCyuquwmAO/gQRHPIuMSFI34V6WqCBD2x+N3zo5Igs3fPTKVMHfDP+h12oG+83901ajffgdj9TIJtkiOyQgB6RNjkmHdAknn7RBd+kefaIv9JW+fbdO0Z+ZDTIh+v4Fi1KbzQ==</latexit>

• Otherwise, large hierarchy ‘explained’ by the fact that
the universe is close to a second order phase transition



Is It a Problem?
<latexit sha1_base64="d2xWSdeYragJK3dFwG/twk0YNxc=">AAACAXicZZC7TsMwGIVtriXcAh0ByVAGpihhgLWIhQkVqRckUlWO+5Na2E6wnYoQdWLgWdgQK0/CQ/AOpBchFY5k69Oxj33sKBXcWN//wguLS8srq5U1Z31jc2vb3dltmyTTDFosEYm+jagBwRW0LLcCblMNVEYCOtHD5Xi9MwRteKKaNk+hK2ms+D1n1JZWz30NI4i5KrgFyZ9h5IRjcq4TkuqkPEQSfk/sADQQWg5V+oPclHFBTDmBITRKhkCOQ8MlCS082aIJ7dGxE4aO53lcMZH1uYrJY0aVzSSJNR1ymx86Iaj+7709t+Z7/kTkPwQzqNUraKJGz2VhP2GZBGWZoMbcBX5quwXVljMxfkdmIKXsgcZQMBlpHg/snHtXoqISTLeYfON8RGQ2Hzllq+Bvh//QPvWCM+/s5rRWv5jWQxW0h47QCQrQOaqjK9RALcTQN67ifXyAX/Abfscf060LeJapojnhzx+1AJSo</latexit>

• No problem if there are no physical scales above → TeV
...including quantum gravity!

<latexit sha1_base64="ke1qeikDaXtBgQ/FVWgJEQ2e2yE=">AAACEXicZZC/TsMwEMZt/pbwr8DIYtEBBqiSDrAWsbBRJFqQSFUuzpFYOHZkO0CpeAoGnoUNsfIEPAwSSUFIhW/66bs73XcX5VJY5/sfdGp6ZnZuvrbgLS4tr6zW19Z7VheGY5drqc1FBBalUNh1wkm8yA1CFkk8j26Oqvr5LRortDpzwxz7GSRKXAsOrrQG9ecwwkSokXCYiQd89MKKvBOXorkTFneZBJMgSwUaMDwdsiu8zyWU6+JtFg1Z2ciugbsSwHlh6FVGoUS1FJmwjEtdgtMMmEWuVexpE6NheQqVb0BZUWXxQlTxb45BveE3/bHYfwh+oNGukbE6gzoPY82LDJXjEqy9DPzc9UdgnOCyuquwmAO/gQRHPIuMSFI34V6WqCBD2x+N3zo5Igs3fPTKVMHfDP+h12oG+83901ajffgdj9TIJtkiOyQgB6RNjkmHdAknn7RBd+kefaIv9JW+fbdO0Z+ZDTIh+v4Fi1KbzQ==</latexit>

• Otherwise, large hierarchy ‘explained’ by the fact that
the universe is close to a second order phase transition

<latexit sha1_base64="7nBqSYtnV10cVlg/EZ62vDo3FhE=">AAABp3icZY/LSsNAFIbP1FuNt6pLN8Ei1U1JitRtwE13VrBJoa1lZnpahs5kQmYilNAncOVWn8y3MaZdWPvDgZ/vXPgPS6Qw1vO+SWVnd2//oHroHB2fnJ7Vzi9Co7OUY49rqdM+owaliLFnhZXYT1KkikmM2Pzxtx+9YWqEjl/sIsGRorNYTAWntkCRajReW+POuFb3ml4pd9v4a1MPqlCqO669DyeaZwpjyyU1ZuB7iR3lNLWCS1w6w8xgQvmcznBQ2JgqNKO8jLt0bwoycac6LSq2bkn/buQys4uNGzlVxiwU24SMaTlZOk6R3v+fdduErabfbraf7+tBsHoDqnAF13ALPjxAAB3oQg84zOEDPuGL3JEnEpL+arRC1juXsCFCfwCgv3KW</latexit>

m→→2
H

<latexit sha1_base64="ERUXNHlf0GtrqAE458rKaOqT1HQ=">AAABpXicZY/LSsNAFIbP1FuNt6pLN8EiuipJkboNuHEjVGjaQlvDzPS0DJ3JhMxEKCFP4MKtPppvY0y7sPaHAz/fufAflkhhrOd9k9rO7t7+Qf3QOTo+OT1rnF/0jc5SjiHXUqdDRg1KEWNohZU4TFKkikkcsMXjb3/whqkROu7ZZYITReexmAlObYlC9dqOhlGj6bW8Su628demGdShUjdqvI+nmmcKY8slNWbke4md5DS1gkssnHFmMKF8Qec4Km1MFZpJXoUt3JuSTN2ZTsuKrVvRvxu5zOxy40ZOlTFLxTYhY1pOC8cp0/v/s26bfrvld1qdl/tmEKzegDpcwTXcgQ8PEMATdCEEDgI+4BO+yC15Jj3SX43WyHrnEjZEoh8IdHJE</latexit>

m2
X

<latexit sha1_base64="iFIbA2Ja7TdLhPonv5htslZmQ5c=">AAABq3icZY/LSsNAFIbP1FuNt6pLN8EguLEkUupKCLjpsqK9YFLKzPS0DJ1kQmZSKCFP4NqtPpdvY0y7sPaHAz/fufAflkihjet+k9rO7t7+Qf3QOjo+OT1rnF/0tcpSjj2upEqHjGqUIsaeEUbiMEmRRkzigM2ffvuDBaZaqPjVLBMcRXQWi6ng1JQoCOlilncK+9F2xw3HbbqV7G3jrY3j16FSd9x4DyeKZxHGhkuqdeC5iRnlNDWCSyysMNOYUD6nMwxKG9MI9SivIhf2TUkm9lSlZcXGrujfjVxmZrlxI6eR1suIbULGlJwUllWm9/5n3Tb9+6bXbrafW47vr96AOlzBNdyCBw/gQwe60AMOCj7gE77IHXkhbyRcjdbIeucSNkTwBzgNdFM=</latexit>

→H↑ = 0

<latexit sha1_base64="HbzjMTfVT8scxCNLpgJr4rJ8RIQ=">AAABrXicZY/LSsNAFIZP6q3GW9Wlm2ARXNVEpG4DbrqsYNpCE8vM9DQMnczEzKRQQp7AB3Crj+XbGNMurP3hwM93LvyHpoJr47rfVmNnd2//oHloHx2fnJ61zi8GWuUZw4ApobIRJRoFlxgYbgSO0gxJQgUO6fzptz9cYKa5ki9mmWKUkFjyGWfEVCgKySIueqUTSnTcSavtdtxazrbx1qbtN6FWf9J6D6eK5QlKwwTReuy5qYkKkhnOBJZ2mGtMCZuTGMeVlSRBHRV16NK5qcjUmamsKmmcmv7dKERulhs3CpJovUzoJqRUiWlp21V673/WbTO473jdTvf5oe37qzegCVdwDbfgwSP40IM+BMDgDT7gE76sOyuwQut1Ndqw1juXsCEr/gG2KHVZ</latexit>

→H↑ ↓= 0



Is It a Problem?
<latexit sha1_base64="d2xWSdeYragJK3dFwG/twk0YNxc=">AAACAXicZZC7TsMwGIVtriXcAh0ByVAGpihhgLWIhQkVqRckUlWO+5Na2E6wnYoQdWLgWdgQK0/CQ/AOpBchFY5k69Oxj33sKBXcWN//wguLS8srq5U1Z31jc2vb3dltmyTTDFosEYm+jagBwRW0LLcCblMNVEYCOtHD5Xi9MwRteKKaNk+hK2ms+D1n1JZWz30NI4i5KrgFyZ9h5IRjcq4TkuqkPEQSfk/sADQQWg5V+oPclHFBTDmBITRKhkCOQ8MlCS082aIJ7dGxE4aO53lcMZH1uYrJY0aVzSSJNR1ymx86Iaj+7709t+Z7/kTkPwQzqNUraKJGz2VhP2GZBGWZoMbcBX5quwXVljMxfkdmIKXsgcZQMBlpHg/snHtXoqISTLeYfON8RGQ2Hzllq+Bvh//QPvWCM+/s5rRWv5jWQxW0h47QCQrQOaqjK9RALcTQN67ifXyAX/Abfscf060LeJapojnhzx+1AJSo</latexit>

• No problem if there are no physical scales above → TeV
...including quantum gravity!

<latexit sha1_base64="ke1qeikDaXtBgQ/FVWgJEQ2e2yE=">AAACEXicZZC/TsMwEMZt/pbwr8DIYtEBBqiSDrAWsbBRJFqQSFUuzpFYOHZkO0CpeAoGnoUNsfIEPAwSSUFIhW/66bs73XcX5VJY5/sfdGp6ZnZuvrbgLS4tr6zW19Z7VheGY5drqc1FBBalUNh1wkm8yA1CFkk8j26Oqvr5LRortDpzwxz7GSRKXAsOrrQG9ecwwkSokXCYiQd89MKKvBOXorkTFneZBJMgSwUaMDwdsiu8zyWU6+JtFg1Z2ciugbsSwHlh6FVGoUS1FJmwjEtdgtMMmEWuVexpE6NheQqVb0BZUWXxQlTxb45BveE3/bHYfwh+oNGukbE6gzoPY82LDJXjEqy9DPzc9UdgnOCyuquwmAO/gQRHPIuMSFI34V6WqCBD2x+N3zo5Igs3fPTKVMHfDP+h12oG+83901ajffgdj9TIJtkiOyQgB6RNjkmHdAknn7RBd+kefaIv9JW+fbdO0Z+ZDTIh+v4Fi1KbzQ==</latexit>

• Otherwise, large hierarchy ‘explained’ by the fact that
the universe is close to a second order phase transition

<latexit sha1_base64="7nBqSYtnV10cVlg/EZ62vDo3FhE=">AAABp3icZY/LSsNAFIbP1FuNt6pLN8Ei1U1JitRtwE13VrBJoa1lZnpahs5kQmYilNAncOVWn8y3MaZdWPvDgZ/vXPgPS6Qw1vO+SWVnd2//oHroHB2fnJ7Vzi9Co7OUY49rqdM+owaliLFnhZXYT1KkikmM2Pzxtx+9YWqEjl/sIsGRorNYTAWntkCRajReW+POuFb3ml4pd9v4a1MPqlCqO669DyeaZwpjyyU1ZuB7iR3lNLWCS1w6w8xgQvmcznBQ2JgqNKO8jLt0bwoycac6LSq2bkn/buQys4uNGzlVxiwU24SMaTlZOk6R3v+fdduErabfbraf7+tBsHoDqnAF13ALPjxAAB3oQg84zOEDPuGL3JEnEpL+arRC1juXsCFCfwCgv3KW</latexit>

m→→2
H

<latexit sha1_base64="ERUXNHlf0GtrqAE458rKaOqT1HQ=">AAABpXicZY/LSsNAFIbP1FuNt6pLN8EiuipJkboNuHEjVGjaQlvDzPS0DJ3JhMxEKCFP4MKtPppvY0y7sPaHAz/fufAflkhhrOd9k9rO7t7+Qf3QOTo+OT1rnF/0jc5SjiHXUqdDRg1KEWNohZU4TFKkikkcsMXjb3/whqkROu7ZZYITReexmAlObYlC9dqOhlGj6bW8Su628demGdShUjdqvI+nmmcKY8slNWbke4md5DS1gkssnHFmMKF8Qec4Km1MFZpJXoUt3JuSTN2ZTsuKrVvRvxu5zOxy40ZOlTFLxTYhY1pOC8cp0/v/s26bfrvld1qdl/tmEKzegDpcwTXcgQ8PEMATdCEEDgI+4BO+yC15Jj3SX43WyHrnEjZEoh8IdHJE</latexit>

m2
X

<latexit sha1_base64="iFIbA2Ja7TdLhPonv5htslZmQ5c=">AAABq3icZY/LSsNAFIbP1FuNt6pLN8EguLEkUupKCLjpsqK9YFLKzPS0DJ1kQmZSKCFP4NqtPpdvY0y7sPaHAz/fufAflkihjet+k9rO7t7+Qf3QOjo+OT1rnF/0tcpSjj2upEqHjGqUIsaeEUbiMEmRRkzigM2ffvuDBaZaqPjVLBMcRXQWi6ng1JQoCOlilncK+9F2xw3HbbqV7G3jrY3j16FSd9x4DyeKZxHGhkuqdeC5iRnlNDWCSyysMNOYUD6nMwxKG9MI9SivIhf2TUkm9lSlZcXGrujfjVxmZrlxI6eR1suIbULGlJwUllWm9/5n3Tb9+6bXbrafW47vr96AOlzBNdyCBw/gQwe60AMOCj7gE77IHXkhbyRcjdbIeucSNkTwBzgNdFM=</latexit>

→H↑ = 0

<latexit sha1_base64="HbzjMTfVT8scxCNLpgJr4rJ8RIQ=">AAABrXicZY/LSsNAFIZP6q3GW9Wlm2ARXNVEpG4DbrqsYNpCE8vM9DQMnczEzKRQQp7AB3Crj+XbGNMurP3hwM93LvyHpoJr47rfVmNnd2//oHloHx2fnJ61zi8GWuUZw4ApobIRJRoFlxgYbgSO0gxJQgUO6fzptz9cYKa5ki9mmWKUkFjyGWfEVCgKySIueqUTSnTcSavtdtxazrbx1qbtN6FWf9J6D6eK5QlKwwTReuy5qYkKkhnOBJZ2mGtMCZuTGMeVlSRBHRV16NK5qcjUmamsKmmcmv7dKERulhs3CpJovUzoJqRUiWlp21V673/WbTO473jdTvf5oe37qzegCVdwDbfgwSP40IM+BMDgDT7gE76sOyuwQut1Ndqw1juXsCEr/gG2KHVZ</latexit>

→H↑ ↓= 0

<latexit sha1_base64="pihDF6ABUPO2WbYkSWOrjxygAcY=">AAABkHicdU/LTgJBEOzFF66vFRMvXjZy8bSZHXTBxESMF+MJE3kkQMjs0MKE2UdmZkkI8jNe9Yf8GxfQAwfrVKnu6qoOUym0IeTbKmxt7+zuFfftg8Oj4xPntNTSSaY4NnkiE9UJmUYpYmwaYSR2UoUsCiW2w8njct6eotIiiV/NLMV+xEaxeBOcmVwaOOe9OBHxEGNjt9GVYoruGBUOnDLxbmsBvaEu8Qip0kqwJLR6TSuunytLlOtFWKExcHhvmPAsyg9xybTu+iQ1/TlTRnCJC7uXaUwZn7ARznkUKjEamw21m9OYRaj789VXmxaZmdnCzlv9Rbv/kxb1/MALXmi5freuB0W4gEu4Ah+qUIcnaEATOLzDB3zCl1Wyata99bBeLVi/njPYgPX8A8bHais=</latexit>

We live here



Is It a Problem?
<latexit sha1_base64="d2xWSdeYragJK3dFwG/twk0YNxc=">AAACAXicZZC7TsMwGIVtriXcAh0ByVAGpihhgLWIhQkVqRckUlWO+5Na2E6wnYoQdWLgWdgQK0/CQ/AOpBchFY5k69Oxj33sKBXcWN//wguLS8srq5U1Z31jc2vb3dltmyTTDFosEYm+jagBwRW0LLcCblMNVEYCOtHD5Xi9MwRteKKaNk+hK2ms+D1n1JZWz30NI4i5KrgFyZ9h5IRjcq4TkuqkPEQSfk/sADQQWg5V+oPclHFBTDmBITRKhkCOQ8MlCS082aIJ7dGxE4aO53lcMZH1uYrJY0aVzSSJNR1ymx86Iaj+7709t+Z7/kTkPwQzqNUraKJGz2VhP2GZBGWZoMbcBX5quwXVljMxfkdmIKXsgcZQMBlpHg/snHtXoqISTLeYfON8RGQ2Hzllq+Bvh//QPvWCM+/s5rRWv5jWQxW0h47QCQrQOaqjK9RALcTQN67ifXyAX/Abfscf060LeJapojnhzx+1AJSo</latexit>

• No problem if there are no physical scales above → TeV
...including quantum gravity!

<latexit sha1_base64="ke1qeikDaXtBgQ/FVWgJEQ2e2yE=">AAACEXicZZC/TsMwEMZt/pbwr8DIYtEBBqiSDrAWsbBRJFqQSFUuzpFYOHZkO0CpeAoGnoUNsfIEPAwSSUFIhW/66bs73XcX5VJY5/sfdGp6ZnZuvrbgLS4tr6zW19Z7VheGY5drqc1FBBalUNh1wkm8yA1CFkk8j26Oqvr5LRortDpzwxz7GSRKXAsOrrQG9ecwwkSokXCYiQd89MKKvBOXorkTFneZBJMgSwUaMDwdsiu8zyWU6+JtFg1Z2ciugbsSwHlh6FVGoUS1FJmwjEtdgtMMmEWuVexpE6NheQqVb0BZUWXxQlTxb45BveE3/bHYfwh+oNGukbE6gzoPY82LDJXjEqy9DPzc9UdgnOCyuquwmAO/gQRHPIuMSFI34V6WqCBD2x+N3zo5Igs3fPTKVMHfDP+h12oG+83901ajffgdj9TIJtkiOyQgB6RNjkmHdAknn7RBd+kefaIv9JW+fbdO0Z+ZDTIh+v4Fi1KbzQ==</latexit>

• Otherwise, large hierarchy ‘explained’ by the fact that
the universe is close to a second order phase transition

<latexit sha1_base64="7nBqSYtnV10cVlg/EZ62vDo3FhE=">AAABp3icZY/LSsNAFIbP1FuNt6pLN8Ei1U1JitRtwE13VrBJoa1lZnpahs5kQmYilNAncOVWn8y3MaZdWPvDgZ/vXPgPS6Qw1vO+SWVnd2//oHroHB2fnJ7Vzi9Co7OUY49rqdM+owaliLFnhZXYT1KkikmM2Pzxtx+9YWqEjl/sIsGRorNYTAWntkCRajReW+POuFb3ml4pd9v4a1MPqlCqO669DyeaZwpjyyU1ZuB7iR3lNLWCS1w6w8xgQvmcznBQ2JgqNKO8jLt0bwoycac6LSq2bkn/buQys4uNGzlVxiwU24SMaTlZOk6R3v+fdduErabfbraf7+tBsHoDqnAF13ALPjxAAB3oQg84zOEDPuGL3JEnEpL+arRC1juXsCFCfwCgv3KW</latexit>

m→→2
H

<latexit sha1_base64="ERUXNHlf0GtrqAE458rKaOqT1HQ=">AAABpXicZY/LSsNAFIbP1FuNt6pLN8EiuipJkboNuHEjVGjaQlvDzPS0DJ3JhMxEKCFP4MKtPppvY0y7sPaHAz/fufAflkhhrOd9k9rO7t7+Qf3QOTo+OT1rnF/0jc5SjiHXUqdDRg1KEWNohZU4TFKkikkcsMXjb3/whqkROu7ZZYITReexmAlObYlC9dqOhlGj6bW8Su628demGdShUjdqvI+nmmcKY8slNWbke4md5DS1gkssnHFmMKF8Qec4Km1MFZpJXoUt3JuSTN2ZTsuKrVvRvxu5zOxy40ZOlTFLxTYhY1pOC8cp0/v/s26bfrvld1qdl/tmEKzegDpcwTXcgQ8PEMATdCEEDgI+4BO+yC15Jj3SX43WyHrnEjZEoh8IdHJE</latexit>

m2
X

<latexit sha1_base64="iFIbA2Ja7TdLhPonv5htslZmQ5c=">AAABq3icZY/LSsNAFIbP1FuNt6pLN8EguLEkUupKCLjpsqK9YFLKzPS0DJ1kQmZSKCFP4NqtPpdvY0y7sPaHAz/fufAflkihjet+k9rO7t7+Qf3QOjo+OT1rnF/0tcpSjj2upEqHjGqUIsaeEUbiMEmRRkzigM2ffvuDBaZaqPjVLBMcRXQWi6ng1JQoCOlilncK+9F2xw3HbbqV7G3jrY3j16FSd9x4DyeKZxHGhkuqdeC5iRnlNDWCSyysMNOYUD6nMwxKG9MI9SivIhf2TUkm9lSlZcXGrujfjVxmZrlxI6eR1suIbULGlJwUllWm9/5n3Tb9+6bXbrafW47vr96AOlzBNdyCBw/gQwe60AMOCj7gE77IHXkhbyRcjdbIeucSNkTwBzgNdFM=</latexit>

→H↑ = 0

<latexit sha1_base64="HbzjMTfVT8scxCNLpgJr4rJ8RIQ=">AAABrXicZY/LSsNAFIZP6q3GW9Wlm2ARXNVEpG4DbrqsYNpCE8vM9DQMnczEzKRQQp7AB3Crj+XbGNMurP3hwM93LvyHpoJr47rfVmNnd2//oHloHx2fnJ61zi8GWuUZw4ApobIRJRoFlxgYbgSO0gxJQgUO6fzptz9cYKa5ki9mmWKUkFjyGWfEVCgKySIueqUTSnTcSavtdtxazrbx1qbtN6FWf9J6D6eK5QlKwwTReuy5qYkKkhnOBJZ2mGtMCZuTGMeVlSRBHRV16NK5qcjUmamsKmmcmv7dKERulhs3CpJovUzoJqRUiWlp21V673/WbTO473jdTvf5oe37qzegCVdwDbfgwSP40IM+BMDgDT7gE76sOyuwQut1Ndqw1juXsCEr/gG2KHVZ</latexit>

→H↑ ↓= 0

<latexit sha1_base64="pihDF6ABUPO2WbYkSWOrjxygAcY=">AAABkHicdU/LTgJBEOzFF66vFRMvXjZy8bSZHXTBxESMF+MJE3kkQMjs0MKE2UdmZkkI8jNe9Yf8GxfQAwfrVKnu6qoOUym0IeTbKmxt7+zuFfftg8Oj4xPntNTSSaY4NnkiE9UJmUYpYmwaYSR2UoUsCiW2w8njct6eotIiiV/NLMV+xEaxeBOcmVwaOOe9OBHxEGNjt9GVYoruGBUOnDLxbmsBvaEu8Qip0kqwJLR6TSuunytLlOtFWKExcHhvmPAsyg9xybTu+iQ1/TlTRnCJC7uXaUwZn7ARznkUKjEamw21m9OYRaj789VXmxaZmdnCzlv9Rbv/kxb1/MALXmi5freuB0W4gEu4Ah+qUIcnaEATOLzDB3zCl1Wyata99bBeLVi/njPYgPX8A8bHais=</latexit>

We live here

<latexit sha1_base64="0kXwleqpX+VAr7Xdw2RHw3r4/l0=">AAABkXicdU/LTsJAFL2DL6yvKgsXboiwwE0zHbRI4qLRhSZuMJFHQpFMhxEnTKdNZ2pCCF/jVj/Iv7GALlh4Vifn3nPPuWEihTYYf6PCxubW9k5x19rbPzg8so9POjrOUsbbLJZx2gup5lIo3jbCSN5LUk6jUPJuOLlbzLvvPNUiVs9mmvBBRMdKvApGTS4N7dNAxUKNuDJWteZiHNzzzsULqQ7tCnaa1x65ImXsYNwgdW9BSOOS1MturixQ8YuwRGtos2AUsyzKLzFJte67ODGDGU2NYJLPrSDTPKFsQsd8xqIwFeM3s6b2c6poxPVgtnxr3SIzM51beau/6PL/pEMc13O8J1Lxb1b1oAhncA41cKEBPjxAC9rAYA4f8AlfqISayEe3q9UC+vWUYA3o8QeYTmj9</latexit>

(100 GeV)2



Is It a Problem?
<latexit sha1_base64="d2xWSdeYragJK3dFwG/twk0YNxc=">AAACAXicZZC7TsMwGIVtriXcAh0ByVAGpihhgLWIhQkVqRckUlWO+5Na2E6wnYoQdWLgWdgQK0/CQ/AOpBchFY5k69Oxj33sKBXcWN//wguLS8srq5U1Z31jc2vb3dltmyTTDFosEYm+jagBwRW0LLcCblMNVEYCOtHD5Xi9MwRteKKaNk+hK2ms+D1n1JZWz30NI4i5KrgFyZ9h5IRjcq4TkuqkPEQSfk/sADQQWg5V+oPclHFBTDmBITRKhkCOQ8MlCS082aIJ7dGxE4aO53lcMZH1uYrJY0aVzSSJNR1ymx86Iaj+7709t+Z7/kTkPwQzqNUraKJGz2VhP2GZBGWZoMbcBX5quwXVljMxfkdmIKXsgcZQMBlpHg/snHtXoqISTLeYfON8RGQ2Hzllq+Bvh//QPvWCM+/s5rRWv5jWQxW0h47QCQrQOaqjK9RALcTQN67ifXyAX/Abfscf060LeJapojnhzx+1AJSo</latexit>

• No problem if there are no physical scales above → TeV
...including quantum gravity!

<latexit sha1_base64="ke1qeikDaXtBgQ/FVWgJEQ2e2yE=">AAACEXicZZC/TsMwEMZt/pbwr8DIYtEBBqiSDrAWsbBRJFqQSFUuzpFYOHZkO0CpeAoGnoUNsfIEPAwSSUFIhW/66bs73XcX5VJY5/sfdGp6ZnZuvrbgLS4tr6zW19Z7VheGY5drqc1FBBalUNh1wkm8yA1CFkk8j26Oqvr5LRortDpzwxz7GSRKXAsOrrQG9ecwwkSokXCYiQd89MKKvBOXorkTFneZBJMgSwUaMDwdsiu8zyWU6+JtFg1Z2ciugbsSwHlh6FVGoUS1FJmwjEtdgtMMmEWuVexpE6NheQqVb0BZUWXxQlTxb45BveE3/bHYfwh+oNGukbE6gzoPY82LDJXjEqy9DPzc9UdgnOCyuquwmAO/gQRHPIuMSFI34V6WqCBD2x+N3zo5Igs3fPTKVMHfDP+h12oG+83901ajffgdj9TIJtkiOyQgB6RNjkmHdAknn7RBd+kefaIv9JW+fbdO0Z+ZDTIh+v4Fi1KbzQ==</latexit>

• Otherwise, large hierarchy ‘explained’ by the fact that
the universe is close to a second order phase transition

<latexit sha1_base64="7nBqSYtnV10cVlg/EZ62vDo3FhE=">AAABp3icZY/LSsNAFIbP1FuNt6pLN8Ei1U1JitRtwE13VrBJoa1lZnpahs5kQmYilNAncOVWn8y3MaZdWPvDgZ/vXPgPS6Qw1vO+SWVnd2//oHroHB2fnJ7Vzi9Co7OUY49rqdM+owaliLFnhZXYT1KkikmM2Pzxtx+9YWqEjl/sIsGRorNYTAWntkCRajReW+POuFb3ml4pd9v4a1MPqlCqO669DyeaZwpjyyU1ZuB7iR3lNLWCS1w6w8xgQvmcznBQ2JgqNKO8jLt0bwoycac6LSq2bkn/buQys4uNGzlVxiwU24SMaTlZOk6R3v+fdduErabfbraf7+tBsHoDqnAF13ALPjxAAB3oQg84zOEDPuGL3JEnEpL+arRC1juXsCFCfwCgv3KW</latexit>

m→→2
H

<latexit sha1_base64="ERUXNHlf0GtrqAE458rKaOqT1HQ=">AAABpXicZY/LSsNAFIbP1FuNt6pLN8EiuipJkboNuHEjVGjaQlvDzPS0DJ3JhMxEKCFP4MKtPppvY0y7sPaHAz/fufAflkhhrOd9k9rO7t7+Qf3QOTo+OT1rnF/0jc5SjiHXUqdDRg1KEWNohZU4TFKkikkcsMXjb3/whqkROu7ZZYITReexmAlObYlC9dqOhlGj6bW8Su628demGdShUjdqvI+nmmcKY8slNWbke4md5DS1gkssnHFmMKF8Qec4Km1MFZpJXoUt3JuSTN2ZTsuKrVvRvxu5zOxy40ZOlTFLxTYhY1pOC8cp0/v/s26bfrvld1qdl/tmEKzegDpcwTXcgQ8PEMATdCEEDgI+4BO+yC15Jj3SX43WyHrnEjZEoh8IdHJE</latexit>

m2
X

<latexit sha1_base64="iFIbA2Ja7TdLhPonv5htslZmQ5c=">AAABq3icZY/LSsNAFIbP1FuNt6pLN8EguLEkUupKCLjpsqK9YFLKzPS0DJ1kQmZSKCFP4NqtPpdvY0y7sPaHAz/fufAflkihjet+k9rO7t7+Qf3QOjo+OT1rnF/0tcpSjj2upEqHjGqUIsaeEUbiMEmRRkzigM2ffvuDBaZaqPjVLBMcRXQWi6ng1JQoCOlilncK+9F2xw3HbbqV7G3jrY3j16FSd9x4DyeKZxHGhkuqdeC5iRnlNDWCSyysMNOYUD6nMwxKG9MI9SivIhf2TUkm9lSlZcXGrujfjVxmZrlxI6eR1suIbULGlJwUllWm9/5n3Tb9+6bXbrafW47vr96AOlzBNdyCBw/gQwe60AMOCj7gE77IHXkhbyRcjdbIeucSNkTwBzgNdFM=</latexit>

→H↑ = 0

<latexit sha1_base64="HbzjMTfVT8scxCNLpgJr4rJ8RIQ=">AAABrXicZY/LSsNAFIZP6q3GW9Wlm2ARXNVEpG4DbrqsYNpCE8vM9DQMnczEzKRQQp7AB3Crj+XbGNMurP3hwM93LvyHpoJr47rfVmNnd2//oHloHx2fnJ61zi8GWuUZw4ApobIRJRoFlxgYbgSO0gxJQgUO6fzptz9cYKa5ki9mmWKUkFjyGWfEVCgKySIueqUTSnTcSavtdtxazrbx1qbtN6FWf9J6D6eK5QlKwwTReuy5qYkKkhnOBJZ2mGtMCZuTGMeVlSRBHRV16NK5qcjUmamsKmmcmv7dKERulhs3CpJovUzoJqRUiWlp21V673/WbTO473jdTvf5oe37qzegCVdwDbfgwSP40IM+BMDgDT7gE76sOyuwQut1Ndqw1juXsCEr/gG2KHVZ</latexit>

→H↑ ↓= 0

<latexit sha1_base64="pihDF6ABUPO2WbYkSWOrjxygAcY=">AAABkHicdU/LTgJBEOzFF66vFRMvXjZy8bSZHXTBxESMF+MJE3kkQMjs0MKE2UdmZkkI8jNe9Yf8GxfQAwfrVKnu6qoOUym0IeTbKmxt7+zuFfftg8Oj4xPntNTSSaY4NnkiE9UJmUYpYmwaYSR2UoUsCiW2w8njct6eotIiiV/NLMV+xEaxeBOcmVwaOOe9OBHxEGNjt9GVYoruGBUOnDLxbmsBvaEu8Qip0kqwJLR6TSuunytLlOtFWKExcHhvmPAsyg9xybTu+iQ1/TlTRnCJC7uXaUwZn7ARznkUKjEamw21m9OYRaj789VXmxaZmdnCzlv9Rbv/kxb1/MALXmi5freuB0W4gEu4Ah+qUIcnaEATOLzDB3zCl1Wyata99bBeLVi/njPYgPX8A8bHais=</latexit>

We live here

<latexit sha1_base64="0kXwleqpX+VAr7Xdw2RHw3r4/l0=">AAABkXicdU/LTsJAFL2DL6yvKgsXboiwwE0zHbRI4qLRhSZuMJFHQpFMhxEnTKdNZ2pCCF/jVj/Iv7GALlh4Vifn3nPPuWEihTYYf6PCxubW9k5x19rbPzg8so9POjrOUsbbLJZx2gup5lIo3jbCSN5LUk6jUPJuOLlbzLvvPNUiVs9mmvBBRMdKvApGTS4N7dNAxUKNuDJWteZiHNzzzsULqQ7tCnaa1x65ImXsYNwgdW9BSOOS1MturixQ8YuwRGtos2AUsyzKLzFJte67ODGDGU2NYJLPrSDTPKFsQsd8xqIwFeM3s6b2c6poxPVgtnxr3SIzM51beau/6PL/pEMc13O8J1Lxb1b1oAhncA41cKEBPjxAC9rAYA4f8AlfqISayEe3q9UC+vWUYA3o8QeYTmj9</latexit>

(100 GeV)2

<latexit sha1_base64="H4+/YQX++39bMX0ljwv9W6DxILw=">AAABvnicZZDLTsJAFIZP8Yb1VnXpZpQFrkjLAjYumuhCd5jIJaGETIdDO2EuTWdqJIQX8mnc4tPIbYP8qy//uf05cSa4sb6/cEoHh0fHJ+VT9+z84vLKu77pGF3kDNtMC533YmpQcIVty63AXpYjlbHAbjx5XtW7n5gbrtWHnWY4kDRRfMwZtUtr6L1ESnM1QmXdt6okKc2yKbEptcSNItemSArFVwuQcKOqG5uSWOdcJUSipeLeHXoVv+avRfYh2EIlLMNaraHHopFmhVyeZYIa0w/8zA5mNLecCZy7UWEwo2xCE5wxGec8Se2O21+iohLNYLb+we6IKOx0vkoV/M+wD516LWjUGu/1Svi0iQdluIMHeIQAmhDCK7SgDQy+4QcW8OuEztiRjt60lpztzC3syPn6A8GnemI=</latexit>

I’m happy that

the universe isn’t

a boring metal!



No Conclusions



No Conclusions

I hope we keep exploring…


