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Overview on nature of Higgs boson

Fundamental Higgs potential: SMEFT description

PNGB Higgs potential: EW chiral Lagrangian

Summary and outlook

How to determine shape of Higgs potential
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Discovery Mass Spin Couplings
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However, nature of Higgs boson undetermined …

Fundamental Composite
strong dynamics at TeV

Landau-Ginzburg description 

weak dynamics at TeV

Microscopic theory?

V (�) = �m2�†�+ �(�†�)2
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Before the Higgs discovery …

Standard Model Technicolor
strong dynamics at EW scaleweak dynamics at EW scale
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An important task for HL-LHC and future collider

Fundamental Composite
strong dynamics at TeVweak dynamics at TeV

V (�) = �m2�†�+ �(�†�)2
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V (�) = �µ3
p

�†�+m2�†�V (�) = �m2�†�+ �(�†�)2
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Shape of Higgs potential: very different!

V (�) = �(�†�)2 + ✏(�†�)2 log
�†�

µ2 V (�) = �a sin2(�/f) + b sin4(�/f)

Coleman Weinberg Higgs Pseudo-Goldstone HiggsTadpole-induced HiggsLandau-Ginzburg Higgs

Fundamental Partial Fund. Conformal Full Composite
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Higgs
<latexit sha1_base64="AxP3yFPa+IbrEVNWvP0zJtbbS9o=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ej0whETCyTQkO0yLRu222Z3a0IIv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAmujet+O6Wt7Z3dvfJ+5eDw6PikenrW0WmuGPosFanqhVSj4BJ9w43AXqaQJqHAbji5X/jdJ1Sap/LRTDMMEhpLHnFGjZX8Fo9jPazW3Lq7BNkkXkFqUKA9rH4NRinLE5SGCap133MzE8yoMpwJnFcGucaMsgmNsW+ppAnqYLY8dk6urDIiUapsSUOW6u+JGU20niah7UyoGet1byH+5/VzE90GMy6z3KBkq0VRLohJyeJzMuIKmRFTSyhT3N5K2JgqyozNp2JD8NZf3iSdRt1z695Do9a8K+IowwVcwjV4cANNaEEbfGDA4Rle4c2Rzovz7nysWktOMXMOf+B8/gC52o6c</latexit><latexit sha1_base64="AxP3yFPa+IbrEVNWvP0zJtbbS9o=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ej0whETCyTQkO0yLRu222Z3a0IIv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAmujet+O6Wt7Z3dvfJ+5eDw6PikenrW0WmuGPosFanqhVSj4BJ9w43AXqaQJqHAbji5X/jdJ1Sap/LRTDMMEhpLHnFGjZX8Fo9jPazW3Lq7BNkkXkFqUKA9rH4NRinLE5SGCap133MzE8yoMpwJnFcGucaMsgmNsW+ppAnqYLY8dk6urDIiUapsSUOW6u+JGU20niah7UyoGet1byH+5/VzE90GMy6z3KBkq0VRLohJyeJzMuIKmRFTSyhT3N5K2JgqyozNp2JD8NZf3iSdRt1z695Do9a8K+IowwVcwjV4cANNaEEbfGDA4Rle4c2Rzovz7nysWktOMXMOf+B8/gC52o6c</latexit><latexit sha1_base64="AxP3yFPa+IbrEVNWvP0zJtbbS9o=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ej0whETCyTQkO0yLRu222Z3a0IIv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAmujet+O6Wt7Z3dvfJ+5eDw6PikenrW0WmuGPosFanqhVSj4BJ9w43AXqaQJqHAbji5X/jdJ1Sap/LRTDMMEhpLHnFGjZX8Fo9jPazW3Lq7BNkkXkFqUKA9rH4NRinLE5SGCap133MzE8yoMpwJnFcGucaMsgmNsW+ppAnqYLY8dk6urDIiUapsSUOW6u+JGU20niah7UyoGet1byH+5/VzE90GMy6z3KBkq0VRLohJyeJzMuIKmRFTSyhT3N5K2JgqyozNp2JD8NZf3iSdRt1z695Do9a8K+IowwVcwjV4cANNaEEbfGDA4Rle4c2Rzovz7nysWktOMXMOf+B8/gC52o6c</latexit><latexit sha1_base64="AxP3yFPa+IbrEVNWvP0zJtbbS9o=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ej0whETCyTQkO0yLRu222Z3a0IIv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAmujet+O6Wt7Z3dvfJ+5eDw6PikenrW0WmuGPosFanqhVSj4BJ9w43AXqaQJqHAbji5X/jdJ1Sap/LRTDMMEhpLHnFGjZX8Fo9jPazW3Lq7BNkkXkFqUKA9rH4NRinLE5SGCap133MzE8yoMpwJnFcGucaMsgmNsW+ppAnqYLY8dk6urDIiUapsSUOW6u+JGU20niah7UyoGet1byH+5/VzE90GMy6z3KBkq0VRLohJyeJzMuIKmRFTSyhT3N5K2JgqyozNp2JD8NZf3iSdRt1z695Do9a8K+IowwVcwjV4cANNaEEbfGDA4Rle4c2Rzovz7nysWktOMXMOf+B8/gC52o6c</latexit>

Mixing between scalars

new scalar
<latexit sha1_base64="9VzmWNbKBV1p+aA8XfWOjaO8vX0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrLTQBlBQxkk8hCJFZ3P6+SU89m6O4OiKD0fQAufQIdo+Q2+gN/gkriAhJFWGs3sancnSAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0PfPbD6g0T+SdGafox3QgecQZNVa6l/hINKOCqn654lbdOcgq8XJSgRyNfvm7FyYsi1EaJqjWXc9NjT+hynAmcFrqZRpTykZ0gF1LJY1R+5P5xVNyZpWQRImyJQ2Zq78nJjTWehwHtjOmZqiXvZn4r6ftKUMMl9ab6NKfcJlmBiVbbI8yQUxCZpmQkCtkRowtoUxx+wBhQ6ooMza5kk3GW85hlbRqVc+tere1Sv0qz6gIJ3AK5+DBBdThBhrQBAYSnuEFXp0n5815dz4WrQUnnzmGP3A+fwCd7JmV</latexit><latexit sha1_base64="9VzmWNbKBV1p+aA8XfWOjaO8vX0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrLTQBlBQxkk8hCJFZ3P6+SU89m6O4OiKD0fQAufQIdo+Q2+gN/gkriAhJFWGs3sancnSAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0PfPbD6g0T+SdGafox3QgecQZNVa6l/hINKOCqn654lbdOcgq8XJSgRyNfvm7FyYsi1EaJqjWXc9NjT+hynAmcFrqZRpTykZ0gF1LJY1R+5P5xVNyZpWQRImyJQ2Zq78nJjTWehwHtjOmZqiXvZn4r6ftKUMMl9ab6NKfcJlmBiVbbI8yQUxCZpmQkCtkRowtoUxx+wBhQ6ooMza5kk3GW85hlbRqVc+tere1Sv0qz6gIJ3AK5+DBBdThBhrQBAYSnuEFXp0n5815dz4WrQUnnzmGP3A+fwCd7JmV</latexit><latexit sha1_base64="9VzmWNbKBV1p+aA8XfWOjaO8vX0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrLTQBlBQxkk8hCJFZ3P6+SU89m6O4OiKD0fQAufQIdo+Q2+gN/gkriAhJFWGs3sancnSAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0PfPbD6g0T+SdGafox3QgecQZNVa6l/hINKOCqn654lbdOcgq8XJSgRyNfvm7FyYsi1EaJqjWXc9NjT+hynAmcFrqZRpTykZ0gF1LJY1R+5P5xVNyZpWQRImyJQ2Zq78nJjTWehwHtjOmZqiXvZn4r6ftKUMMl9ab6NKfcJlmBiVbbI8yQUxCZpmQkCtkRowtoUxx+wBhQ6ooMza5kk3GW85hlbRqVc+tere1Sv0qz6gIJ3AK5+DBBdThBhrQBAYSnuEFXp0n5815dz4WrQUnnzmGP3A+fwCd7JmV</latexit><latexit sha1_base64="9VzmWNbKBV1p+aA8XfWOjaO8vX0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrLTQBlBQxkk8hCJFZ3P6+SU89m6O4OiKD0fQAufQIdo+Q2+gN/gkriAhJFWGs3sancnSAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0PfPbD6g0T+SdGafox3QgecQZNVa6l/hINKOCqn654lbdOcgq8XJSgRyNfvm7FyYsi1EaJqjWXc9NjT+hynAmcFrqZRpTykZ0gF1LJY1R+5P5xVNyZpWQRImyJQ2Zq78nJjTWehwHtjOmZqiXvZn4r6ftKUMMl9ab6NKfcJlmBiVbbI8yQUxCZpmQkCtkRowtoUxx+wBhQ6ooMza5kk3GW85hlbRqVc+tere1Sv0qz6gIJ3AK5+DBBdThBhrQBAYSnuEFXp0n5815dz4WrQUnnzmGP3A+fwCd7JmV</latexit>

Shape of Higgs potential could be further modified

phase transition
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Scale of New Physics
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EFT descriptionLHC Searches

Shape of Higgs potential at EW scale with heavy d.o.f integrate-out



Jiang-Hao Yu

(1) Fundamental Higgs
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Higgs

Goldstone

Standard Model 
Extended scalar sector 

Supersymmetry 
Left-right Model 

GUT model 
…
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Scalar Extension Fermion Extension Gauge Extension

Higgs Singlet

Higgs Doublet

Higgs Triplet

Minimal Dark Matter

Type-II seesaw

Type-I seesaw

Vectorlike fermion

Singlet-doublet dark matter

Heavy 4th gen.

U(1) extensions

SU(2) extensions

G331

Pati-Salam

GUT

Vectorlike top

… … …
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Integrate out TeV heavy states
<latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit>

SM
EFT

U
V

 m
odel

H
iggs EFT

Electroweak symmetry breaking
<latexit sha1_base64="eSbjOVFZeq07EUNXecFqXuEvlCQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiTd6LIogssK9gFtKJPpTTtkMgkzEyWErtz4K25cKOLWb3Dn3zhts9DWAwOHc+69c+/xE86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeSQovGPJZdnyjgTEBLM82hm0ggkc+h44dXU79zD1KxWNzpLAEvIiPBAkaJNtLAPr7mQLWMH4CEWGVRBFpm2DcjQiZGA7vq1JwZ8DJxC1JFBZoD+6s/jGkagdCUE6V6rpNoLydSM8phUumnChJCQzKCnqGCRKC8fHbGBJ8aZYiDWJonNJ6pvztyEimzom8qI6LHatGbiv95vVQHF17ORJJqEHT+UZByrGM8zQQPmTQh8MwQQiUzu2I6JpJQbZKrmBDcxZOXSbtec52ae1uvNi6LOMroCJ2gM+Sic9RAN6iJWoiiR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fyWqZTg==</latexit><latexit sha1_base64="eSbjOVFZeq07EUNXecFqXuEvlCQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiTd6LIogssK9gFtKJPpTTtkMgkzEyWErtz4K25cKOLWb3Dn3zhts9DWAwOHc+69c+/xE86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeSQovGPJZdnyjgTEBLM82hm0ggkc+h44dXU79zD1KxWNzpLAEvIiPBAkaJNtLAPr7mQLWMH4CEWGVRBFpm2DcjQiZGA7vq1JwZ8DJxC1JFBZoD+6s/jGkagdCUE6V6rpNoLydSM8phUumnChJCQzKCnqGCRKC8fHbGBJ8aZYiDWJonNJ6pvztyEimzom8qI6LHatGbiv95vVQHF17ORJJqEHT+UZByrGM8zQQPmTQh8MwQQiUzu2I6JpJQbZKrmBDcxZOXSbtec52ae1uvNi6LOMroCJ2gM+Sic9RAN6iJWoiiR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fyWqZTg==</latexit><latexit sha1_base64="eSbjOVFZeq07EUNXecFqXuEvlCQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiTd6LIogssK9gFtKJPpTTtkMgkzEyWErtz4K25cKOLWb3Dn3zhts9DWAwOHc+69c+/xE86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeSQovGPJZdnyjgTEBLM82hm0ggkc+h44dXU79zD1KxWNzpLAEvIiPBAkaJNtLAPr7mQLWMH4CEWGVRBFpm2DcjQiZGA7vq1JwZ8DJxC1JFBZoD+6s/jGkagdCUE6V6rpNoLydSM8phUumnChJCQzKCnqGCRKC8fHbGBJ8aZYiDWJonNJ6pvztyEimzom8qI6LHatGbiv95vVQHF17ORJJqEHT+UZByrGM8zQQPmTQh8MwQQiUzu2I6JpJQbZKrmBDcxZOXSbtec52ae1uvNi6LOMroCJ2gM+Sic9RAN6iJWoiiR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fyWqZTg==</latexit><latexit sha1_base64="eSbjOVFZeq07EUNXecFqXuEvlCQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiTd6LIogssK9gFtKJPpTTtkMgkzEyWErtz4K25cKOLWb3Dn3zhts9DWAwOHc+69c+/xE86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeSQovGPJZdnyjgTEBLM82hm0ggkc+h44dXU79zD1KxWNzpLAEvIiPBAkaJNtLAPr7mQLWMH4CEWGVRBFpm2DcjQiZGA7vq1JwZ8DJxC1JFBZoD+6s/jGkagdCUE6V6rpNoLydSM8phUumnChJCQzKCnqGCRKC8fHbGBJ8aZYiDWJonNJ6pvztyEimzom8qI6LHatGbiv95vVQHF17ORJJqEHT+UZByrGM8zQQPmTQh8MwQQiUzu2I6JpJQbZKrmBDcxZOXSbtec52ae1uvNi6LOMroCJ2gM+Sic9RAN6iJWoiiR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fyWqZTg==</latexit>

EFT Framework

LEFT

mW
<latexit sha1_base64="xpd//i/lN4mISAywZJG9J3u2fhI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHqtXrniV/05yCoJclKBHPVe+avbT1imuEYmqbWdwE8xnFCDgkk+LXUzy1PKRnTAO45qqrgNJ/NTp+TMKX0SJ8aVRjJXf09MqLJ2rCLXqSgO7bI3E//zOhnG1+FE6DRDrtliUZxJggmZ/U36wnCGcuwIZUa4WwkbUkMZunRKLoRg+eVV0ryoBn41uL+s1G7yOIpwAqdwDgFcQQ3uoA4NYDCAZ3iFN096L96797FoLXj5zDH8gff5AzSGjbs=</latexit><latexit sha1_base64="xpd//i/lN4mISAywZJG9J3u2fhI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHqtXrniV/05yCoJclKBHPVe+avbT1imuEYmqbWdwE8xnFCDgkk+LXUzy1PKRnTAO45qqrgNJ/NTp+TMKX0SJ8aVRjJXf09MqLJ2rCLXqSgO7bI3E//zOhnG1+FE6DRDrtliUZxJggmZ/U36wnCGcuwIZUa4WwkbUkMZunRKLoRg+eVV0ryoBn41uL+s1G7yOIpwAqdwDgFcQQ3uoA4NYDCAZ3iFN096L96797FoLXj5zDH8gff5AzSGjbs=</latexit><latexit sha1_base64="xpd//i/lN4mISAywZJG9J3u2fhI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHqtXrniV/05yCoJclKBHPVe+avbT1imuEYmqbWdwE8xnFCDgkk+LXUzy1PKRnTAO45qqrgNJ/NTp+TMKX0SJ8aVRjJXf09MqLJ2rCLXqSgO7bI3E//zOhnG1+FE6DRDrtliUZxJggmZ/U36wnCGcuwIZUa4WwkbUkMZunRKLoRg+eVV0ryoBn41uL+s1G7yOIpwAqdwDgFcQQ3uoA4NYDCAZ3iFN096L96797FoLXj5zDH8gff5AzSGjbs=</latexit><latexit sha1_base64="xpd//i/lN4mISAywZJG9J3u2fhI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHqtXrniV/05yCoJclKBHPVe+avbT1imuEYmqbWdwE8xnFCDgkk+LXUzy1PKRnTAO45qqrgNJ/NTp+TMKX0SJ8aVRjJXf09MqLJ2rCLXqSgO7bI3E//zOhnG1+FE6DRDrtliUZxJggmZ/U36wnCGcuwIZUa4WwkbUkMZunRKLoRg+eVV0ryoBn41uL+s1G7yOIpwAqdwDgFcQQ3uoA4NYDCAZ3iFN096L96797FoLXj5zDH8gff5AzSGjbs=</latexit>
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Dimension-5 Dimension-6 Dimension-7

[Weinberg, 1979] 

[Lehman, 2014] [Buchmuller, Wyler, 1986] [Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010] 

Dimension-8 Dimension-9
[ Li, Ren, Shu, Xiao, Yu, Zheng, 2020] [ Li, Ren, Xiao, Yu, Zheng, 2020] 

2
84 30

993 560
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Define building block

Operator form

SSYT

Total derivative terms!

EOM: decompose into irreps under Lorentz group

IBP: decompose Lorentz structure into irreps of SU(N)

[ Li, Ren, Shu, Xiao, Yu, Zheng, 2020] 
[ Li, Ren, Xiao, Yu, Zheng, 2020] 
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Operators with repeated field: permutation symmetry among flavors

[ Li, Ren, Shu, Xiao, Yu, Zheng, 2020] 

[ Li, Ren, Xiao, Yu, Zheng, 2020] 

Automated procedure! 

Easy to write operators 
at any higher dim 
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Higgs potential in SM Higgs potential in SMEFT

How to generate (H
†
H)

3
operator?

<latexit sha1_base64="19XV+CnlcHjukMwZNhpSftuJbkw=">AAACFHicbVA9SwNBEN3zM8avU0ubxURQhHAXC+0M2qSMYD4giWFvM7ks7u0eu3tKCPkRNv4VGwtFbC3s/DfuJSk08cHA470ZZuYFMWfaeN63s7C4tLyymlnLrm9sbm27O7s1LRNFoUoll6oREA2cCagaZjg0YgUkCjjUg7ur1K/fg9JMihsziKEdkVCwHqPEWKnjnpTlAzYShyBAEQM4f1S+bXVJGILC5ePb0zyWcepIddFxc17BGwPPE39KcmiKSsf9anUlTSIQhnKiddP3YtMeEmUY5TDKthINMaF3JISmpYJEoNvD8VMjfGiVLu5JZUsYPFZ/TwxJpPUgCmxnRExfz3qp+J/XTEzvvD1kIk4MCDpZ1Et4mkKaEO4yBdTwgSWEKmZvxbRPFKHG5pi1IfizL8+TWrHgewX/upgrXU7jyKB9dICOkI/OUAmVUQVVEUWP6Bm9ojfnyXlx3p2PSeuCM53ZQ3/gfP4A85ac3A==</latexit><latexit sha1_base64="19XV+CnlcHjukMwZNhpSftuJbkw=">AAACFHicbVA9SwNBEN3zM8avU0ubxURQhHAXC+0M2qSMYD4giWFvM7ks7u0eu3tKCPkRNv4VGwtFbC3s/DfuJSk08cHA470ZZuYFMWfaeN63s7C4tLyymlnLrm9sbm27O7s1LRNFoUoll6oREA2cCagaZjg0YgUkCjjUg7ur1K/fg9JMihsziKEdkVCwHqPEWKnjnpTlAzYShyBAEQM4f1S+bXVJGILC5ePb0zyWcepIddFxc17BGwPPE39KcmiKSsf9anUlTSIQhnKiddP3YtMeEmUY5TDKthINMaF3JISmpYJEoNvD8VMjfGiVLu5JZUsYPFZ/TwxJpPUgCmxnRExfz3qp+J/XTEzvvD1kIk4MCDpZ1Et4mkKaEO4yBdTwgSWEKmZvxbRPFKHG5pi1IfizL8+TWrHgewX/upgrXU7jyKB9dICOkI/OUAmVUQVVEUWP6Bm9ojfnyXlx3p2PSeuCM53ZQ3/gfP4A85ac3A==</latexit><latexit sha1_base64="19XV+CnlcHjukMwZNhpSftuJbkw=">AAACFHicbVA9SwNBEN3zM8avU0ubxURQhHAXC+0M2qSMYD4giWFvM7ks7u0eu3tKCPkRNv4VGwtFbC3s/DfuJSk08cHA470ZZuYFMWfaeN63s7C4tLyymlnLrm9sbm27O7s1LRNFoUoll6oREA2cCagaZjg0YgUkCjjUg7ur1K/fg9JMihsziKEdkVCwHqPEWKnjnpTlAzYShyBAEQM4f1S+bXVJGILC5ePb0zyWcepIddFxc17BGwPPE39KcmiKSsf9anUlTSIQhnKiddP3YtMeEmUY5TDKthINMaF3JISmpYJEoNvD8VMjfGiVLu5JZUsYPFZ/TwxJpPUgCmxnRExfz3qp+J/XTEzvvD1kIk4MCDpZ1Et4mkKaEO4yBdTwgSWEKmZvxbRPFKHG5pi1IfizL8+TWrHgewX/upgrXU7jyKB9dICOkI/OUAmVUQVVEUWP6Bm9ojfnyXlx3p2PSeuCM53ZQ3/gfP4A85ac3A==</latexit><latexit sha1_base64="19XV+CnlcHjukMwZNhpSftuJbkw=">AAACFHicbVA9SwNBEN3zM8avU0ubxURQhHAXC+0M2qSMYD4giWFvM7ks7u0eu3tKCPkRNv4VGwtFbC3s/DfuJSk08cHA470ZZuYFMWfaeN63s7C4tLyymlnLrm9sbm27O7s1LRNFoUoll6oREA2cCagaZjg0YgUkCjjUg7ur1K/fg9JMihsziKEdkVCwHqPEWKnjnpTlAzYShyBAEQM4f1S+bXVJGILC5ePb0zyWcepIddFxc17BGwPPE39KcmiKSsf9anUlTSIQhnKiddP3YtMeEmUY5TDKthINMaF3JISmpYJEoNvD8VMjfGiVLu5JZUsYPFZ/TwxJpPUgCmxnRExfz3qp+J/XTEzvvD1kIk4MCDpZ1Et4mkKaEO4yBdTwgSWEKmZvxbRPFKHG5pi1IfizL8+TWrHgewX/upgrXU7jyKB9dICOkI/OUAmVUQVVEUWP6Bm9ojfnyXlx3p2PSeuCM53ZQ3/gfP4A85ac3A==</latexit>

+
c8

⇤4

�
H

†
H
�4

<latexit sha1_base64="c/nXE0vcFUsC1ywCnyUfqhjhQYI="></latexit><latexit sha1_base64="c/nXE0vcFUsC1ywCnyUfqhjhQYI="></latexit><latexit sha1_base64="c/nXE0vcFUsC1ywCnyUfqhjhQYI="></latexit><latexit sha1_base64="c/nXE0vcFUsC1ywCnyUfqhjhQYI="></latexit>
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Scalar Extension

Tree level generate?

Scalar singlet

Group theory?

2HDM Triplet/Seesaw Quadruplet

Scalar Extension

Gauge ExtensionFermion Extension

[Corbett, Joglekar, Li, Yu, 2018] 

H
†
HH

†
S

H
†
HS, H

T
HS

S = s,
1p
2
(s+ ia)

<latexit sha1_base64="bsAng3H8sziXxpeFNaeNvu5shFc=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhoobdIOhFCHrxGNE8IBvC7GQ2GTL7cKZXCMt+hRd/xYsHRbyKN//GSbIHTSxoKKq66e5yI8EVWNa3kVtYXFpeya8W1tY3NrfM7Z2GCmNJWZ2GIpQtlygmeMDqwEGwViQZ8V3Bmu7wauw3H5hUPAzuYBSxjk/6Afc4JaClrnlyiy+wOsaOJwlN7DRx1L2EpJKmjmAelBQ+whwTR/L+AA67ZtEqWxPgeWJnpIgy1Lrml9MLaeyzAKggSrVtK4JOQiRwKlhacGLFIkKHpM/amgbEZ6qTTN5K8YFWetgLpa4A8ET9PZEQX6mR7+pOn8BAzXpj8T+vHYN33kl4EMXAAjpd5MUCQ4jHGeEel4yCGGlCqOT6VkwHRAcEOsmCDsGefXmeNCpl2yrbN6fF6mUWRx7toX1UQjY6Q1V0jWqojih6RM/oFb0ZT8aL8W58TFtzRjazi/7A+PwB9iGd/w==</latexit><latexit sha1_base64="bsAng3H8sziXxpeFNaeNvu5shFc=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhoobdIOhFCHrxGNE8IBvC7GQ2GTL7cKZXCMt+hRd/xYsHRbyKN//GSbIHTSxoKKq66e5yI8EVWNa3kVtYXFpeya8W1tY3NrfM7Z2GCmNJWZ2GIpQtlygmeMDqwEGwViQZ8V3Bmu7wauw3H5hUPAzuYBSxjk/6Afc4JaClrnlyiy+wOsaOJwlN7DRx1L2EpJKmjmAelBQ+whwTR/L+AA67ZtEqWxPgeWJnpIgy1Lrml9MLaeyzAKggSrVtK4JOQiRwKlhacGLFIkKHpM/amgbEZ6qTTN5K8YFWetgLpa4A8ET9PZEQX6mR7+pOn8BAzXpj8T+vHYN33kl4EMXAAjpd5MUCQ4jHGeEel4yCGGlCqOT6VkwHRAcEOsmCDsGefXmeNCpl2yrbN6fF6mUWRx7toX1UQjY6Q1V0jWqojih6RM/oFb0ZT8aL8W58TFtzRjazi/7A+PwB9iGd/w==</latexit><latexit sha1_base64="bsAng3H8sziXxpeFNaeNvu5shFc=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhoobdIOhFCHrxGNE8IBvC7GQ2GTL7cKZXCMt+hRd/xYsHRbyKN//GSbIHTSxoKKq66e5yI8EVWNa3kVtYXFpeya8W1tY3NrfM7Z2GCmNJWZ2GIpQtlygmeMDqwEGwViQZ8V3Bmu7wauw3H5hUPAzuYBSxjk/6Afc4JaClrnlyiy+wOsaOJwlN7DRx1L2EpJKmjmAelBQ+whwTR/L+AA67ZtEqWxPgeWJnpIgy1Lrml9MLaeyzAKggSrVtK4JOQiRwKlhacGLFIkKHpM/amgbEZ6qTTN5K8YFWetgLpa4A8ET9PZEQX6mR7+pOn8BAzXpj8T+vHYN33kl4EMXAAjpd5MUCQ4jHGeEel4yCGGlCqOT6VkwHRAcEOsmCDsGefXmeNCpl2yrbN6fF6mUWRx7toX1UQjY6Q1V0jWqojih6RM/oFb0ZT8aL8W58TFtzRjazi/7A+PwB9iGd/w==</latexit><latexit sha1_base64="bsAng3H8sziXxpeFNaeNvu5shFc=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhoobdIOhFCHrxGNE8IBvC7GQ2GTL7cKZXCMt+hRd/xYsHRbyKN//GSbIHTSxoKKq66e5yI8EVWNa3kVtYXFpeya8W1tY3NrfM7Z2GCmNJWZ2GIpQtlygmeMDqwEGwViQZ8V3Bmu7wauw3H5hUPAzuYBSxjk/6Afc4JaClrnlyiy+wOsaOJwlN7DRx1L2EpJKmjmAelBQ+whwTR/L+AA67ZtEqWxPgeWJnpIgy1Lrml9MLaeyzAKggSrVtK4JOQiRwKlhacGLFIkKHpM/amgbEZ6qTTN5K8YFWetgLpa4A8ET9PZEQX6mR7+pOn8BAzXpj8T+vHYN33kl4EMXAAjpd5MUCQ4jHGeEel4yCGGlCqOT6VkwHRAcEOsmCDsGefXmeNCpl2yrbN6fF6mUWRx7toX1UQjY6Q1V0jWqojih6RM/oFb0ZT8aL8W58TFtzRjazi/7A+PwB9iGd/w==</latexit>
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Prediction on measurement of Higgs selfcoupling deviation based on UV models

[Corbett, Joglekar, Li, Yu, 2018] Excluded by flavor physics
<latexit sha1_base64="zByVfKWgiDcrszTaPPrH2/ymUUw=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVZJudFkUwWUF+4A2lMlk0g6dTMLMpBhCwY2/4saFIm79CXf+jdM2C209q8M593LvOX7CmdKO822trK6tb2yWtsrbO7t7+/bBYUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uh66rfHVCoWi3udJdSL8ECwkBGsjdS3j28eCE8DGiA/QyHH41iiZJgpRlTfrjhVZwa0TNyCVKBAo29/9YKYpBEVmnCsVNd1Eu3lWGpGOJ2Ue6miCSYjPKBdQwWOqPLyWYYJOjNKgEJzPoyFRjP190aOI6WyyDeTEdZDtehNxf+8bqrDSy9nIkk1FWR+KEw50jGaFoICJinRPDMEE8nMr4gMscREm9rKpgR3MfIyadWqrlN172qV+lVRRwlO4BTOwYULqMMtNKAJBB7hGV7hzXqyXqx362M+umIVO0fwB9bnD9j7l6M=</latexit><latexit sha1_base64="zByVfKWgiDcrszTaPPrH2/ymUUw=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVZJudFkUwWUF+4A2lMlk0g6dTMLMpBhCwY2/4saFIm79CXf+jdM2C209q8M593LvOX7CmdKO822trK6tb2yWtsrbO7t7+/bBYUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uh66rfHVCoWi3udJdSL8ECwkBGsjdS3j28eCE8DGiA/QyHH41iiZJgpRlTfrjhVZwa0TNyCVKBAo29/9YKYpBEVmnCsVNd1Eu3lWGpGOJ2Ue6miCSYjPKBdQwWOqPLyWYYJOjNKgEJzPoyFRjP190aOI6WyyDeTEdZDtehNxf+8bqrDSy9nIkk1FWR+KEw50jGaFoICJinRPDMEE8nMr4gMscREm9rKpgR3MfIyadWqrlN172qV+lVRRwlO4BTOwYULqMMtNKAJBB7hGV7hzXqyXqx362M+umIVO0fwB9bnD9j7l6M=</latexit><latexit sha1_base64="zByVfKWgiDcrszTaPPrH2/ymUUw=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVZJudFkUwWUF+4A2lMlk0g6dTMLMpBhCwY2/4saFIm79CXf+jdM2C209q8M593LvOX7CmdKO822trK6tb2yWtsrbO7t7+/bBYUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uh66rfHVCoWi3udJdSL8ECwkBGsjdS3j28eCE8DGiA/QyHH41iiZJgpRlTfrjhVZwa0TNyCVKBAo29/9YKYpBEVmnCsVNd1Eu3lWGpGOJ2Ue6miCSYjPKBdQwWOqPLyWYYJOjNKgEJzPoyFRjP190aOI6WyyDeTEdZDtehNxf+8bqrDSy9nIkk1FWR+KEw50jGaFoICJinRPDMEE8nMr4gMscREm9rKpgR3MfIyadWqrlN172qV+lVRRwlO4BTOwYULqMMtNKAJBB7hGV7hzXqyXqx362M+umIVO0fwB9bnD9j7l6M=</latexit><latexit sha1_base64="zByVfKWgiDcrszTaPPrH2/ymUUw=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVZJudFkUwWUF+4A2lMlk0g6dTMLMpBhCwY2/4saFIm79CXf+jdM2C209q8M593LvOX7CmdKO822trK6tb2yWtsrbO7t7+/bBYUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uh66rfHVCoWi3udJdSL8ECwkBGsjdS3j28eCE8DGiA/QyHH41iiZJgpRlTfrjhVZwa0TNyCVKBAo29/9YKYpBEVmnCsVNd1Eu3lWGpGOJ2Ue6miCSYjPKBdQwWOqPLyWYYJOjNKgEJzPoyFRjP190aOI6WyyDeTEdZDtehNxf+8bqrDSy9nIkk1FWR+KEw50jGaFoICJinRPDMEE8nMr4gMscREm9rKpgR3MfIyadWqrlN172qV+lVRRwlO4BTOwYULqMMtNKAJBB7hGV7hzXqyXqx362M+umIVO0fwB9bnD9j7l6M=</latexit>

tan
�
to
o
large

<latexit sha1_base64="gJY19juNtiqAptSkIIouBXfs8KA=">AAACDHicbVC7TsNAEDzzDOEVoKQ5kSBRRTYNlBE0lEEiASm20PqySU6cz9bdGimy8gE0/AoNBQjR8gF0/A2X4ILXSCeNZmf3difOlLTk+x/e3PzC4tJyZaW6ura+sVnb2u7aNDcCOyJVqbmKwaKSGjskSeFVZhCSWOFlfHM6rV/eorEy1Rc0zjBKYKjlQAogJ13X6uFsRiHGoCdFIyTQYYwEDU5pyhWYIU6cy2/6M/C/JChJnZVoX9few34q8gQ1CQXW9gI/o6gAQ1IonFTD3GIG4gaG2HNUQ4I2KmaLTPi+U/p8kBr3NPGZ+r2jgMTacRI7ZwI0sr9rU/G/Wi+nwXFUSJ3lhFp8fTTIlTuUT5PhfWlQkBo7AsJItysXIzAgyOVXdSEEv0/+S7qHzcBvBueH9dZJGUeF7bI9dsACdsRa7Iy1WYcJdsce2BN79u69R+/Fe/2yznllzw77Ae/tExOfm5k=</latexit><latexit sha1_base64="gJY19juNtiqAptSkIIouBXfs8KA=">AAACDHicbVC7TsNAEDzzDOEVoKQ5kSBRRTYNlBE0lEEiASm20PqySU6cz9bdGimy8gE0/AoNBQjR8gF0/A2X4ILXSCeNZmf3difOlLTk+x/e3PzC4tJyZaW6ura+sVnb2u7aNDcCOyJVqbmKwaKSGjskSeFVZhCSWOFlfHM6rV/eorEy1Rc0zjBKYKjlQAogJ13X6uFsRiHGoCdFIyTQYYwEDU5pyhWYIU6cy2/6M/C/JChJnZVoX9few34q8gQ1CQXW9gI/o6gAQ1IonFTD3GIG4gaG2HNUQ4I2KmaLTPi+U/p8kBr3NPGZ+r2jgMTacRI7ZwI0sr9rU/G/Wi+nwXFUSJ3lhFp8fTTIlTuUT5PhfWlQkBo7AsJItysXIzAgyOVXdSEEv0/+S7qHzcBvBueH9dZJGUeF7bI9dsACdsRa7Iy1WYcJdsce2BN79u69R+/Fe/2yznllzw77Ae/tExOfm5k=</latexit><latexit sha1_base64="gJY19juNtiqAptSkIIouBXfs8KA=">AAACDHicbVC7TsNAEDzzDOEVoKQ5kSBRRTYNlBE0lEEiASm20PqySU6cz9bdGimy8gE0/AoNBQjR8gF0/A2X4ILXSCeNZmf3difOlLTk+x/e3PzC4tJyZaW6ura+sVnb2u7aNDcCOyJVqbmKwaKSGjskSeFVZhCSWOFlfHM6rV/eorEy1Rc0zjBKYKjlQAogJ13X6uFsRiHGoCdFIyTQYYwEDU5pyhWYIU6cy2/6M/C/JChJnZVoX9few34q8gQ1CQXW9gI/o6gAQ1IonFTD3GIG4gaG2HNUQ4I2KmaLTPi+U/p8kBr3NPGZ+r2jgMTacRI7ZwI0sr9rU/G/Wi+nwXFUSJ3lhFp8fTTIlTuUT5PhfWlQkBo7AsJItysXIzAgyOVXdSEEv0/+S7qHzcBvBueH9dZJGUeF7bI9dsACdsRa7Iy1WYcJdsce2BN79u69R+/Fe/2yznllzw77Ae/tExOfm5k=</latexit><latexit sha1_base64="gJY19juNtiqAptSkIIouBXfs8KA=">AAACDHicbVC7TsNAEDzzDOEVoKQ5kSBRRTYNlBE0lEEiASm20PqySU6cz9bdGimy8gE0/AoNBQjR8gF0/A2X4ILXSCeNZmf3difOlLTk+x/e3PzC4tJyZaW6ura+sVnb2u7aNDcCOyJVqbmKwaKSGjskSeFVZhCSWOFlfHM6rV/eorEy1Rc0zjBKYKjlQAogJ13X6uFsRiHGoCdFIyTQYYwEDU5pyhWYIU6cy2/6M/C/JChJnZVoX9few34q8gQ1CQXW9gI/o6gAQ1IonFTD3GIG4gaG2HNUQ4I2KmaLTPi+U/p8kBr3NPGZ+r2jgMTacRI7ZwI0sr9rU/G/Wi+nwXFUSJ3lhFp8fTTIlTuUT5PhfWlQkBo7AsJItysXIzAgyOVXdSEEv0/+S7qHzcBvBueH9dZJGUeF7bI9dsACdsRa7Iy1WYcJdsce2BN79u69R+/Fe/2yznllzw77Ae/tExOfm5k=</latexit>

tan� too small
<latexit sha1_base64="UIfEJ3DBvQRcSUDUNRrtjgmQZ5M=">AAACDHicbVC7TgMxEPTxDOEVoKSxSJCoors0UEbQUAaJPKTcKdpznMSKz3ey95CiUz6Ahl+hoQAhWj6Ajr/BSa6AhJEsjWZn17sTJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhGC4FIo3UaDknURziELJ2+H4ZlZvP3BtRKzucZLwIIKhEgPBAK3UK5X9+YyMTUBNs4qPoPyQI1QoxjE1EUg5tS636s5BV4mXkzLJ0eiVvvx+zNKIK2QSjOl6boJBBhoFk3xa9FPDE2BjGPKupQoiboJsvsiUnlulTwextk8hnau/OzKIjJlEoXVGgCOzXJuJ/9W6KQ6ugkyoJEWu2OKjQSrtoXSWDO0LzRnKiSXAtLC7UjYCDQxtfkUbgrd88ipp1aqeW/XuauX6dR5HgZySM3JBPHJJ6uSWNEiTMPJInskreXOenBfn3flYWNecvOeE/IHz+QMpCJun</latexit><latexit sha1_base64="UIfEJ3DBvQRcSUDUNRrtjgmQZ5M=">AAACDHicbVC7TgMxEPTxDOEVoKSxSJCoors0UEbQUAaJPKTcKdpznMSKz3ey95CiUz6Ahl+hoQAhWj6Ajr/BSa6AhJEsjWZn17sTJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhGC4FIo3UaDknURziELJ2+H4ZlZvP3BtRKzucZLwIIKhEgPBAK3UK5X9+YyMTUBNs4qPoPyQI1QoxjE1EUg5tS636s5BV4mXkzLJ0eiVvvx+zNKIK2QSjOl6boJBBhoFk3xa9FPDE2BjGPKupQoiboJsvsiUnlulTwextk8hnau/OzKIjJlEoXVGgCOzXJuJ/9W6KQ6ugkyoJEWu2OKjQSrtoXSWDO0LzRnKiSXAtLC7UjYCDQxtfkUbgrd88ipp1aqeW/XuauX6dR5HgZySM3JBPHJJ6uSWNEiTMPJInskreXOenBfn3flYWNecvOeE/IHz+QMpCJun</latexit><latexit sha1_base64="UIfEJ3DBvQRcSUDUNRrtjgmQZ5M=">AAACDHicbVC7TgMxEPTxDOEVoKSxSJCoors0UEbQUAaJPKTcKdpznMSKz3ey95CiUz6Ahl+hoQAhWj6Ajr/BSa6AhJEsjWZn17sTJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhGC4FIo3UaDknURziELJ2+H4ZlZvP3BtRKzucZLwIIKhEgPBAK3UK5X9+YyMTUBNs4qPoPyQI1QoxjE1EUg5tS636s5BV4mXkzLJ0eiVvvx+zNKIK2QSjOl6boJBBhoFk3xa9FPDE2BjGPKupQoiboJsvsiUnlulTwextk8hnau/OzKIjJlEoXVGgCOzXJuJ/9W6KQ6ugkyoJEWu2OKjQSrtoXSWDO0LzRnKiSXAtLC7UjYCDQxtfkUbgrd88ipp1aqeW/XuauX6dR5HgZySM3JBPHJJ6uSWNEiTMPJInskreXOenBfn3flYWNecvOeE/IHz+QMpCJun</latexit><latexit sha1_base64="UIfEJ3DBvQRcSUDUNRrtjgmQZ5M=">AAACDHicbVC7TgMxEPTxDOEVoKSxSJCoors0UEbQUAaJPKTcKdpznMSKz3ey95CiUz6Ahl+hoQAhWj6Ajr/BSa6AhJEsjWZn17sTJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhGC4FIo3UaDknURziELJ2+H4ZlZvP3BtRKzucZLwIIKhEgPBAK3UK5X9+YyMTUBNs4qPoPyQI1QoxjE1EUg5tS636s5BV4mXkzLJ0eiVvvx+zNKIK2QSjOl6boJBBhoFk3xa9FPDE2BjGPKupQoiboJsvsiUnlulTwextk8hnau/OzKIjJlEoXVGgCOzXJuJ/9W6KQ6ugkyoJEWu2OKjQSrtoXSWDO0LzRnKiSXAtLC7UjYCDQxtfkUbgrd88ipp1aqeW/XuauX6dR5HgZySM3JBPHJJ6uSWNEiTMPJInskreXOenBfn3flYWNecvOeE/IHz+QMpCJun</latexit>

tan� too small
<latexit sha1_base64="UIfEJ3DBvQRcSUDUNRrtjgmQZ5M=">AAACDHicbVC7TgMxEPTxDOEVoKSxSJCoors0UEbQUAaJPKTcKdpznMSKz3ey95CiUz6Ahl+hoQAhWj6Ajr/BSa6AhJEsjWZn17sTJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhGC4FIo3UaDknURziELJ2+H4ZlZvP3BtRKzucZLwIIKhEgPBAK3UK5X9+YyMTUBNs4qPoPyQI1QoxjE1EUg5tS636s5BV4mXkzLJ0eiVvvx+zNKIK2QSjOl6boJBBhoFk3xa9FPDE2BjGPKupQoiboJsvsiUnlulTwextk8hnau/OzKIjJlEoXVGgCOzXJuJ/9W6KQ6ugkyoJEWu2OKjQSrtoXSWDO0LzRnKiSXAtLC7UjYCDQxtfkUbgrd88ipp1aqeW/XuauX6dR5HgZySM3JBPHJJ6uSWNEiTMPJInskreXOenBfn3flYWNecvOeE/IHz+QMpCJun</latexit><latexit sha1_base64="UIfEJ3DBvQRcSUDUNRrtjgmQZ5M=">AAACDHicbVC7TgMxEPTxDOEVoKSxSJCoors0UEbQUAaJPKTcKdpznMSKz3ey95CiUz6Ahl+hoQAhWj6Ajr/BSa6AhJEsjWZn17sTJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhGC4FIo3UaDknURziELJ2+H4ZlZvP3BtRKzucZLwIIKhEgPBAK3UK5X9+YyMTUBNs4qPoPyQI1QoxjE1EUg5tS636s5BV4mXkzLJ0eiVvvx+zNKIK2QSjOl6boJBBhoFk3xa9FPDE2BjGPKupQoiboJsvsiUnlulTwextk8hnau/OzKIjJlEoXVGgCOzXJuJ/9W6KQ6ugkyoJEWu2OKjQSrtoXSWDO0LzRnKiSXAtLC7UjYCDQxtfkUbgrd88ipp1aqeW/XuauX6dR5HgZySM3JBPHJJ6uSWNEiTMPJInskreXOenBfn3flYWNecvOeE/IHz+QMpCJun</latexit><latexit sha1_base64="UIfEJ3DBvQRcSUDUNRrtjgmQZ5M=">AAACDHicbVC7TgMxEPTxDOEVoKSxSJCoors0UEbQUAaJPKTcKdpznMSKz3ey95CiUz6Ahl+hoQAhWj6Ajr/BSa6AhJEsjWZn17sTJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhGC4FIo3UaDknURziELJ2+H4ZlZvP3BtRKzucZLwIIKhEgPBAK3UK5X9+YyMTUBNs4qPoPyQI1QoxjE1EUg5tS636s5BV4mXkzLJ0eiVvvx+zNKIK2QSjOl6boJBBhoFk3xa9FPDE2BjGPKupQoiboJsvsiUnlulTwextk8hnau/OzKIjJlEoXVGgCOzXJuJ/9W6KQ6ugkyoJEWu2OKjQSrtoXSWDO0LzRnKiSXAtLC7UjYCDQxtfkUbgrd88ipp1aqeW/XuauX6dR5HgZySM3JBPHJJ6uSWNEiTMPJInskreXOenBfn3flYWNecvOeE/IHz+QMpCJun</latexit><latexit sha1_base64="UIfEJ3DBvQRcSUDUNRrtjgmQZ5M=">AAACDHicbVC7TgMxEPTxDOEVoKSxSJCoors0UEbQUAaJPKTcKdpznMSKz3ey95CiUz6Ahl+hoQAhWj6Ajr/BSa6AhJEsjWZn17sTJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhGC4FIo3UaDknURziELJ2+H4ZlZvP3BtRKzucZLwIIKhEgPBAK3UK5X9+YyMTUBNs4qPoPyQI1QoxjE1EUg5tS636s5BV4mXkzLJ0eiVvvx+zNKIK2QSjOl6boJBBhoFk3xa9FPDE2BjGPKupQoiboJsvsiUnlulTwextk8hnau/OzKIjJlEoXVGgCOzXJuJ/9W6KQ6ugkyoJEWu2OKjQSrtoXSWDO0LzRnKiSXAtLC7UjYCDQxtfkUbgrd88ipp1aqeW/XuauX6dR5HgZySM3JBPHJJ6uSWNEiTMPJInskreXOenBfn3flYWNecvOeE/IHz+QMpCJun</latexit>
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(2) Pseudo-Goldstone Higgs
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Radial mode
Higgs as one 
Goldstone

Little Higgs 
Composite Higgs 

Twin Higgs 
…
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Pseudo Nambu-Goldstone Higgs
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Higgs boson as pseudo-Nambu Goldstone boson
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Higgs boson as pseudo-Nambu Goldstone boson

Pseudo Nambu-Goldstone Higgs
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PNGB Higgs Models
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Little Higgs

Twin Higgs

Composite Higgs

Minimal Neutral Naturalness

[Csaki, et. al, 2015] 

[Xu, Yu, Zhu, 2018] 

[Chacko, Goh, Harnik 2006] 

[Agashe, Contino, Pomarol 2004] 

[Arkani-hamed, et.al. 2000] 

Chiral Lagrangian description G H
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Integrate out heavy PNGB other than the Higgs

SO(5)/SO(4) EFT SO(6)/SO(5) EFT

If all other PNGB heavy If one light PNGB (singlet)

EW chiral Lagrangian

triplet, doublet
usually heavy 

Integrate out heavy composite states

G/H with composite states

G/H

m⇢
<latexit sha1_base64="vhoJ1bD2E/QFm/h2yx9wpGgpHJw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpsMmcc6MyuEJT/hxYMiXv0db/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyd1RD/v6ZGa9qs1v+7PgVZJUJAaFGj2q1+9gSKZoNISjo3pBn5qoxxrywin00ovMzTFZIyHtOuoxIKaKJ/fO0VnThmgRGlX0qK5+nsix8KYiYhdp8B2ZJa9mfif181sch3lTKaZpZIsFiUZR1ah2fNowDQllk8cwUQzdysiI6wxsS6iigshWH55lbQu6oFfD+4va42bIo4ynMApnEMAV9CAO2hCCAQ4PMMrvHmP3ov37n0sWkteMXMMf+B9/gBp3pAz</latexit><latexit sha1_base64="vhoJ1bD2E/QFm/h2yx9wpGgpHJw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpsMmcc6MyuEJT/hxYMiXv0db/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyd1RD/v6ZGa9qs1v+7PgVZJUJAaFGj2q1+9gSKZoNISjo3pBn5qoxxrywin00ovMzTFZIyHtOuoxIKaKJ/fO0VnThmgRGlX0qK5+nsix8KYiYhdp8B2ZJa9mfif181sch3lTKaZpZIsFiUZR1ah2fNowDQllk8cwUQzdysiI6wxsS6iigshWH55lbQu6oFfD+4va42bIo4ynMApnEMAV9CAO2hCCAQ4PMMrvHmP3ov37n0sWkteMXMMf+B9/gBp3pAz</latexit><latexit sha1_base64="vhoJ1bD2E/QFm/h2yx9wpGgpHJw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpsMmcc6MyuEJT/hxYMiXv0db/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyd1RD/v6ZGa9qs1v+7PgVZJUJAaFGj2q1+9gSKZoNISjo3pBn5qoxxrywin00ovMzTFZIyHtOuoxIKaKJ/fO0VnThmgRGlX0qK5+nsix8KYiYhdp8B2ZJa9mfif181sch3lTKaZpZIsFiUZR1ah2fNowDQllk8cwUQzdysiI6wxsS6iigshWH55lbQu6oFfD+4va42bIo4ynMApnEMAV9CAO2hCCAQ4PMMrvHmP3ov37n0sWkteMXMMf+B9/gBp3pAz</latexit><latexit sha1_base64="vhoJ1bD2E/QFm/h2yx9wpGgpHJw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpsMmcc6MyuEJT/hxYMiXv0db/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyd1RD/v6ZGa9qs1v+7PgVZJUJAaFGj2q1+9gSKZoNISjo3pBn5qoxxrywin00ovMzTFZIyHtOuoxIKaKJ/fO0VnThmgRGlX0qK5+nsix8KYiYhdp8B2ZJa9mfif181sch3lTKaZpZIsFiUZR1ah2fNowDQllk8cwUQzdysiI6wxsS6iigshWH55lbQu6oFfD+4va42bIo4ynMApnEMAV9CAO2hCCAQ4PMMrvHmP3ov37n0sWkteMXMMf+B9/gBp3pAz</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>

[Qi, Yu, Zhu, 2019] 

….

If one light PNGB (multiplet)
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Composite Higgs Left-Right Z2 Twin Higgs Neutral Natural

Heavy composite states

[Li, Xu, Yu, Zhu, 2019] 

toptop ×
∑

i
M(i)

KK

top topΠ
Generalized Effective Lagrangian

⇢n
<latexit sha1_base64="1NeVVaOBPvrl+Zj6xIlK2QQrcEA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrh6pnuyVK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHo+6PKA==</latexit><latexit sha1_base64="1NeVVaOBPvrl+Zj6xIlK2QQrcEA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrh6pnuyVK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHo+6PKA==</latexit><latexit sha1_base64="1NeVVaOBPvrl+Zj6xIlK2QQrcEA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrh6pnuyVK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHo+6PKA==</latexit><latexit sha1_base64="1NeVVaOBPvrl+Zj6xIlK2QQrcEA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrh6pnuyVK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHo+6PKA==</latexit>

W, Z boson
<latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit>

W, Z boson
<latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit>

W, Z boson
<latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit>W, Z boson

<latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit><latexit sha1_base64="NmyER7xBQeJzMO9EXtrQs2QxG/s=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgQcpuL3osevFYwX7QdinZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDuc3M399hPThiv5aKcJC2IykjzilFgnddtXuItDZZQclCte1VsArxM/JxXI0RiUv/pDRdOYSUsFMabne4kNMqItp4LNSv3UsITQCRmxnqOSxMwE2eLiGb5wyhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb3QQZl0lqmaTLRVEqsFV4/j4ecs2oFVNHCNXc3YrpmGhCrQup5ELwV19eJ61a1feq/kOtUr/N4yjCGZzDJfhwDXW4hwY0gYKEZ3iFN2TQC3pHH8vWAspnTuEP0OcPcoyQGg==</latexit>

[Heurtier, Li, Song, Su, Su, Yu, 2020] 
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Composite Higgs Left-Right Z2 Twin Higgs

[Li, Xu, Yu, Zhu, 2019] 

[Agrawal, Saha, Xu, Yu, Yuan, 2019] 

(gg ! H) + Higgs global fit
<latexit sha1_base64="iZ09W+H5FXd7NXEQHiPxKbXk+TI=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDiZCRAi7abQM2qSMYB6QLGF2MrsZMju7zNwVQkhp46/YWChi6yfY+TdOki008cDA4Zx7uXOOnwiuwXG+rdza+sbmVn67sLO7t39gHx61dJwqypo0FrHq+EQzwSVrAgfBOoliJPIFa/uj25nffmBK81jewzhhXkRCyQNOCRipb5+WS2GIexDjeukCX+I6D0ONQxH7ROCAQ98uOhVnDrxK3IwUUYZG3/7qDWKaRkwCFUTrrusk4E2IAk4FmxZ6qWYJoSMSsq6hkkRMe5N5kCk+N8oAB7EyTwKeq783JiTSehz5ZjIiMNTL3kz8z+umEFx7Ey6TFJiki0NBKrDJPWsFD7hiFMTYEEIVN3/FdEgUoWC6K5gS3OXIq6RVrbhOxb2rFms3WR15dILOUBm56ArVUB01UBNR9Iie0St6s56sF+vd+liM5qxs5xj9gfX5A+Zhl14=</latexit><latexit sha1_base64="iZ09W+H5FXd7NXEQHiPxKbXk+TI=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDiZCRAi7abQM2qSMYB6QLGF2MrsZMju7zNwVQkhp46/YWChi6yfY+TdOki008cDA4Zx7uXOOnwiuwXG+rdza+sbmVn67sLO7t39gHx61dJwqypo0FrHq+EQzwSVrAgfBOoliJPIFa/uj25nffmBK81jewzhhXkRCyQNOCRipb5+WS2GIexDjeukCX+I6D0ONQxH7ROCAQ98uOhVnDrxK3IwUUYZG3/7qDWKaRkwCFUTrrusk4E2IAk4FmxZ6qWYJoSMSsq6hkkRMe5N5kCk+N8oAB7EyTwKeq783JiTSehz5ZjIiMNTL3kz8z+umEFx7Ey6TFJiki0NBKrDJPWsFD7hiFMTYEEIVN3/FdEgUoWC6K5gS3OXIq6RVrbhOxb2rFms3WR15dILOUBm56ArVUB01UBNR9Iie0St6s56sF+vd+liM5qxs5xj9gfX5A+Zhl14=</latexit><latexit sha1_base64="iZ09W+H5FXd7NXEQHiPxKbXk+TI=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDiZCRAi7abQM2qSMYB6QLGF2MrsZMju7zNwVQkhp46/YWChi6yfY+TdOki008cDA4Zx7uXOOnwiuwXG+rdza+sbmVn67sLO7t39gHx61dJwqypo0FrHq+EQzwSVrAgfBOoliJPIFa/uj25nffmBK81jewzhhXkRCyQNOCRipb5+WS2GIexDjeukCX+I6D0ONQxH7ROCAQ98uOhVnDrxK3IwUUYZG3/7qDWKaRkwCFUTrrusk4E2IAk4FmxZ6qWYJoSMSsq6hkkRMe5N5kCk+N8oAB7EyTwKeq783JiTSehz5ZjIiMNTL3kz8z+umEFx7Ey6TFJiki0NBKrDJPWsFD7hiFMTYEEIVN3/FdEgUoWC6K5gS3OXIq6RVrbhOxb2rFms3WR15dILOUBm56ArVUB01UBNR9Iie0St6s56sF+vd+liM5qxs5xj9gfX5A+Zhl14=</latexit><latexit sha1_base64="iZ09W+H5FXd7NXEQHiPxKbXk+TI=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDiZCRAi7abQM2qSMYB6QLGF2MrsZMju7zNwVQkhp46/YWChi6yfY+TdOki008cDA4Zx7uXOOnwiuwXG+rdza+sbmVn67sLO7t39gHx61dJwqypo0FrHq+EQzwSVrAgfBOoliJPIFa/uj25nffmBK81jewzhhXkRCyQNOCRipb5+WS2GIexDjeukCX+I6D0ONQxH7ROCAQ98uOhVnDrxK3IwUUYZG3/7qDWKaRkwCFUTrrusk4E2IAk4FmxZ6qWYJoSMSsq6hkkRMe5N5kCk+N8oAB7EyTwKeq783JiTSehz5ZjIiMNTL3kz8z+umEFx7Ey6TFJiki0NBKrDJPWsFD7hiFMTYEEIVN3/FdEgUoWC6K5gS3OXIq6RVrbhOxb2rFms3WR15dILOUBm56ArVUB01UBNR9Iie0St6s56sF+vd+liM5qxs5xj9gfX5A+Zhl14=</latexit>

= v2/f2
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EW Chiral Lagrangian

Higgs effective couplings

Neutral Natural
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Fundamental vs Composite?

Higgs nonlinearity
Shape of Higgs potential

PNGB Higgs EFT SMEFT

EW Chiral Lagrangian

Higgs effective couplings

Non-flat metric in PNGB field space

[Agrawal, Saha, Xu, Yu, Yuan, 2020] 
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(3) Other Kind of Higgs Potential?
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Coleman Weinberg Higgs

V (�) = �(�†�)2 + ✏(�†�)2 log
�†�

µ2 V (�) = �µ3
p

�†�+m2�†�

Tadpole-induced Higgs
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Coleman Weinberg Higgs
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Radiative correction triggers EWSB!

Coleman Weinberg Higgs
Tree-level potential

[Coleman, Weinberg 73], 
[Gildner, Weinberg 76] , 

…

V (�) = �(�†�)2 + ✏(�†�)2 log
�†�

µ2
V (�) = �(�†�)2 + ✏(�†�)2 log

�†�

µ2

Self-coupling running are opposite to SM case 

Classically scale invariant theory

�
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HSM

Technicolor

Tadpole Induced Higgs
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[Simmons 1989], 
[Carone, Georgi 1994] , 
[Galloway, etc, 2013]

…

Long-live technicolor: Bosonic technicolor

Elementary Higgs

hQ̄Qi
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V (�) = �µ3
p

�†�+m2�†�Induced EWSB
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Coleman Weinberg HiggsPseudo-Goldstone Higgs

V (�) = �(�†�)2 + ✏(�†�)2 log
�†�

µ2 V (�) = �µ3
p

�†�+m2�†�

Tadpole-induced Higgs

Can we probe nature of Higgs other than the SM one?

Landau-Ginzburg Higgs

V (�) = �m2�†�+ �(�†�)2
<latexit sha1_base64="xkMElozjvu+FYmewRMp5lQUsEQo=">AAACKHicbVBdS8MwFE3n15xfVR99CQ5hQxztEPRFHPri4wT3AWs30jTdwpK2JKkwyn6OL/4VX0QU2au/xHTrg04PBE7Oufcm93gxo1JZ1sworKyurW8UN0tb2zu7e+b+QVtGicCkhSMWia6HJGE0JC1FFSPdWBDEPUY63vg28zuPREgahQ9qEhOXo2FIA4qR0tLAvG5XnHhEq/AKnvF+HWaXvuOj4ZCIjMNT6DA9zkewsuxV+/XSwCxbNWsO+JfYOSmDHM2B+eb4EU44CRVmSMqebcXKTZFQFDMyLTmJJDHCYzQkPU1DxIl00/miU3iiFR8GkdAnVHCu/uxIEZdywj1dyZEayWUvE//zeokKLt2UhnGiSIgXDwUJgyqCWWrQp4JgxSaaICyo/ivEIyQQVjrbLAR7eeW/pF2v2VbNvj8vN27yOIrgCByDCrDBBWiAO9AELYDBE3gB7+DDeDZejU9jtigtGHnPIfgF4+sb9fGkGw==</latexit><latexit sha1_base64="xkMElozjvu+FYmewRMp5lQUsEQo=">AAACKHicbVBdS8MwFE3n15xfVR99CQ5hQxztEPRFHPri4wT3AWs30jTdwpK2JKkwyn6OL/4VX0QU2au/xHTrg04PBE7Oufcm93gxo1JZ1sworKyurW8UN0tb2zu7e+b+QVtGicCkhSMWia6HJGE0JC1FFSPdWBDEPUY63vg28zuPREgahQ9qEhOXo2FIA4qR0tLAvG5XnHhEq/AKnvF+HWaXvuOj4ZCIjMNT6DA9zkewsuxV+/XSwCxbNWsO+JfYOSmDHM2B+eb4EU44CRVmSMqebcXKTZFQFDMyLTmJJDHCYzQkPU1DxIl00/miU3iiFR8GkdAnVHCu/uxIEZdywj1dyZEayWUvE//zeokKLt2UhnGiSIgXDwUJgyqCWWrQp4JgxSaaICyo/ivEIyQQVjrbLAR7eeW/pF2v2VbNvj8vN27yOIrgCByDCrDBBWiAO9AELYDBE3gB7+DDeDZejU9jtigtGHnPIfgF4+sb9fGkGw==</latexit><latexit sha1_base64="xkMElozjvu+FYmewRMp5lQUsEQo=">AAACKHicbVBdS8MwFE3n15xfVR99CQ5hQxztEPRFHPri4wT3AWs30jTdwpK2JKkwyn6OL/4VX0QU2au/xHTrg04PBE7Oufcm93gxo1JZ1sworKyurW8UN0tb2zu7e+b+QVtGicCkhSMWia6HJGE0JC1FFSPdWBDEPUY63vg28zuPREgahQ9qEhOXo2FIA4qR0tLAvG5XnHhEq/AKnvF+HWaXvuOj4ZCIjMNT6DA9zkewsuxV+/XSwCxbNWsO+JfYOSmDHM2B+eb4EU44CRVmSMqebcXKTZFQFDMyLTmJJDHCYzQkPU1DxIl00/miU3iiFR8GkdAnVHCu/uxIEZdywj1dyZEayWUvE//zeokKLt2UhnGiSIgXDwUJgyqCWWrQp4JgxSaaICyo/ivEIyQQVjrbLAR7eeW/pF2v2VbNvj8vN27yOIrgCByDCrDBBWiAO9AELYDBE3gB7+DDeDZejU9jtigtGHnPIfgF4+sb9fGkGw==</latexit><latexit sha1_base64="xkMElozjvu+FYmewRMp5lQUsEQo=">AAACKHicbVBdS8MwFE3n15xfVR99CQ5hQxztEPRFHPri4wT3AWs30jTdwpK2JKkwyn6OL/4VX0QU2au/xHTrg04PBE7Oufcm93gxo1JZ1sworKyurW8UN0tb2zu7e+b+QVtGicCkhSMWia6HJGE0JC1FFSPdWBDEPUY63vg28zuPREgahQ9qEhOXo2FIA4qR0tLAvG5XnHhEq/AKnvF+HWaXvuOj4ZCIjMNT6DA9zkewsuxV+/XSwCxbNWsO+JfYOSmDHM2B+eb4EU44CRVmSMqebcXKTZFQFDMyLTmJJDHCYzQkPU1DxIl00/miU3iiFR8GkdAnVHCu/uxIEZdywj1dyZEayWUvE//zeokKLt2UhnGiSIgXDwUJgyqCWWrQp4JgxSaaICyo/ivEIyQQVjrbLAR7eeW/pF2v2VbNvj8vN27yOIrgCByDCrDBBWiAO9AELYDBE3gB7+DDeDZejU9jtigtGHnPIfgF4+sb9fGkGw==</latexit>

V (�) = �a sin2(�/f) + b sin4(�/f)
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Higgs Self Coupling

1 2 3 4 5 6 7

0.5

1.0

1.5

2.0

2.5

SM

Tadpole HiggsMCHM

CTHMSMEFT with O6

Coleman-Weinberg

Models

�3

�SM
3

Di-Higgs production

Make use of large difference in Higgs self coupling
[Agrawal, Saha, Xu, Yu, Yuan, 2020] 
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Confirm quartic coupling

Quartic Higgs Coupling

�4

�3
=

1 2 3 4 5 6 7

0.5

1.0

1.5

2.0

2.5

SM
Tadpole Higgs

MCHM

CTHMSMEFT with O6

Coleman-Weinberg

Models

tri-Higgs production

Further determine shape of Higgs potential 

[Agrawal, Saha, Xu, Yu, Yuan, 2020] 
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[Agrawal, Saha, Xu, Yu, Yuan, 2020] 

14% accuracy (1 sigma CL) for SM xsec at 27 TeV
[Goncalves, Han, Kling, Plehn, Takeuchi, 2018] 

Higgs Self Coupling
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30% accuracy (1 sigma CL) for SM xsec at 100 TeV
[Fuks, Kim Lee, 2017] 

Quartic Higgs Coupling
[Agrawal, Saha, Xu, Yu, Yuan, 2020] 
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 Explore different Higgs potential by Nature of Higgs Boson

SMEFT is not enough to describe effective Lagrangian

Coleman Weinberg HiggsPseudo-Goldstone Higgs Tadpole-induced Higgs

Discriminate shape of Higgs potential via di/tri-Higgs production

�4

�3
=

1 2 3 4 5 6 7

0.5

1.0

1.5

2.0

2.5

SM
Tadpole Higgs

MCHM

CHTMSMEFT with O6

Coleman-Weinberg

Landau-Ginzburg Higgs
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Thank you very much!
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Backup Slides
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Why higher Dim Operators?

 38

• Expect much smaller effects for dim > 7

Higher dim operators not tightly constrained

New operators only appears at dim > 7

HL-LHC starts to probe the dim-8 effect

Neutral triple gauge boson ZZZ, ZZA, ZAA couplings not appear at dim-6

Strong correlation among operators at dim-6 

• 0vbb and proton decay start to probe dim-9 operators
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Redundancy Among Operators
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• Often write over-complete set of operators

[Buchmuller, Wyler, 1986] [Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010] 

Independent operatorsOver-complete operators

1700 citations 1100 citations
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Radiative Higgs Potential
Fundamental Higgs with supersymmetric top partner

Pseudo-Goldstone HiggsPion potential

V (�) = �a sin2(�/f) + b sin4(�/f)

Composite Higgs with fermionic top partner
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Composite Higgs Fundamental Higgs

Higgs as Goldstone boson Higgs with additional scalar

PNGB Higgs EFT SMEFT

Integrate out sub-TeV scalar
<latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit>

Integrate out TeV heavy states
<latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit>

mHiggs
<latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit>

Sub-TeV EW fermions (neutralino, etc) could exist
<latexit sha1_base64="Zk+06T4+bqKPauImkzYmbgb9uw8=">AAACGnicbVBNSwMxEM36WetX1aOXYBEUtOz2oseiCB4r2laopWTT2TaYTZZkIpbS3+HFv+LFgyLexIv/xrT24NeDwOO9mcnMizMpLIbhRzA1PTM7N59byC8uLa+sFtbW61Y7w6HGtdTmMmYWpFBQQ4ESLjMDLI0lNOLr45HfuAFjhVYX2M+glbKuEongDL3ULkTnLt6/gDo9adAETOpFS3cUODTMz9R7FJDvUq6d7FC49Qu1C8WwFI5B/5JoQopkgmq78HbV0dyloJBLZm0zCjNsDZhBwSUM81fOQsb4NetC01PFUrCtwfi0Id32Socm2vinkI7V7x0DllrbT2NfmTLs2d/eSPzPazpMDlsDoTKHoPjXR4mTFDUd5UQ7wgBH2feEcSP8rpT3mGEcfZp5H0L0++S/pF4uRWEpOisXK0eTOHJkk2yRHRKRA1Ihp6RKaoSTO/JAnshzcB88Bi/B61fpVDDp2SA/ELx/ApFJn/Y=</latexit><latexit sha1_base64="Zk+06T4+bqKPauImkzYmbgb9uw8=">AAACGnicbVBNSwMxEM36WetX1aOXYBEUtOz2oseiCB4r2laopWTT2TaYTZZkIpbS3+HFv+LFgyLexIv/xrT24NeDwOO9mcnMizMpLIbhRzA1PTM7N59byC8uLa+sFtbW61Y7w6HGtdTmMmYWpFBQQ4ESLjMDLI0lNOLr45HfuAFjhVYX2M+glbKuEongDL3ULkTnLt6/gDo9adAETOpFS3cUODTMz9R7FJDvUq6d7FC49Qu1C8WwFI5B/5JoQopkgmq78HbV0dyloJBLZm0zCjNsDZhBwSUM81fOQsb4NetC01PFUrCtwfi0Id32Socm2vinkI7V7x0DllrbT2NfmTLs2d/eSPzPazpMDlsDoTKHoPjXR4mTFDUd5UQ7wgBH2feEcSP8rpT3mGEcfZp5H0L0++S/pF4uRWEpOisXK0eTOHJkk2yRHRKRA1Ihp6RKaoSTO/JAnshzcB88Bi/B61fpVDDp2SA/ELx/ApFJn/Y=</latexit><latexit sha1_base64="Zk+06T4+bqKPauImkzYmbgb9uw8=">AAACGnicbVBNSwMxEM36WetX1aOXYBEUtOz2oseiCB4r2laopWTT2TaYTZZkIpbS3+HFv+LFgyLexIv/xrT24NeDwOO9mcnMizMpLIbhRzA1PTM7N59byC8uLa+sFtbW61Y7w6HGtdTmMmYWpFBQQ4ESLjMDLI0lNOLr45HfuAFjhVYX2M+glbKuEongDL3ULkTnLt6/gDo9adAETOpFS3cUODTMz9R7FJDvUq6d7FC49Qu1C8WwFI5B/5JoQopkgmq78HbV0dyloJBLZm0zCjNsDZhBwSUM81fOQsb4NetC01PFUrCtwfi0Id32Socm2vinkI7V7x0DllrbT2NfmTLs2d/eSPzPazpMDlsDoTKHoPjXR4mTFDUd5UQ7wgBH2feEcSP8rpT3mGEcfZp5H0L0++S/pF4uRWEpOisXK0eTOHJkk2yRHRKRA1Ihp6RKaoSTO/JAnshzcB88Bi/B61fpVDDp2SA/ELx/ApFJn/Y=</latexit><latexit sha1_base64="Zk+06T4+bqKPauImkzYmbgb9uw8=">AAACGnicbVBNSwMxEM36WetX1aOXYBEUtOz2oseiCB4r2laopWTT2TaYTZZkIpbS3+HFv+LFgyLexIv/xrT24NeDwOO9mcnMizMpLIbhRzA1PTM7N59byC8uLa+sFtbW61Y7w6HGtdTmMmYWpFBQQ4ESLjMDLI0lNOLr45HfuAFjhVYX2M+glbKuEongDL3ULkTnLt6/gDo9adAETOpFS3cUODTMz9R7FJDvUq6d7FC49Qu1C8WwFI5B/5JoQopkgmq78HbV0dyloJBLZm0zCjNsDZhBwSUM81fOQsb4NetC01PFUrCtwfi0Id32Socm2vinkI7V7x0DllrbT2NfmTLs2d/eSPzPazpMDlsDoTKHoPjXR4mTFDUd5UQ7wgBH2feEcSP8rpT3mGEcfZp5H0L0++S/pF4uRWEpOisXK0eTOHJkk2yRHRKRA1Ihp6RKaoSTO/JAnshzcB88Bi/B61fpVDDp2SA/ELx/ApFJn/Y=</latexit>

but not relevant here
<latexit sha1_base64="UWfnS4IaeWWjVZKwiRGAaWqstbY=">AAAB/nicbVC7SgNBFJ2Nrxhfq2JlMxgEq7CbRsugjWUE84BkCbOTm2TI7OwyczcQloC/YmOhiK3fYeffOEm20MQDA4dz7uWeOWEihUHP+3YKG5tb2zvF3dLe/sHhkXt80jRxqjk0eCxj3Q6ZASkUNFCghHaigUWhhFY4vpv7rQloI2L1iNMEgogNlRgIztBKPfcsTJGqGKkGCROmkI5AQ88texVvAbpO/JyUSY56z/3q9mOeRqCQS2ZMx/cSDDKmUXAJs1I3NZAwPmZD6FiqWAQmyBbxZ/TSKn06iLV9NsBC/b2RsciYaRTayYjhyKx6c/E/r5Pi4CbIhEpSBMWXhwappBjTeRe0LzRwlFNLGNfCZqV8xDTjaBsr2RL81S+vk2a14nsV/6Fart3mdRTJObkgV8Qn16RG7kmdNAgnGXkmr+TNeXJenHfnYzlacPKdU/IHzucP/WiVfA==</latexit><latexit sha1_base64="UWfnS4IaeWWjVZKwiRGAaWqstbY=">AAAB/nicbVC7SgNBFJ2Nrxhfq2JlMxgEq7CbRsugjWUE84BkCbOTm2TI7OwyczcQloC/YmOhiK3fYeffOEm20MQDA4dz7uWeOWEihUHP+3YKG5tb2zvF3dLe/sHhkXt80jRxqjk0eCxj3Q6ZASkUNFCghHaigUWhhFY4vpv7rQloI2L1iNMEgogNlRgIztBKPfcsTJGqGKkGCROmkI5AQ88texVvAbpO/JyUSY56z/3q9mOeRqCQS2ZMx/cSDDKmUXAJs1I3NZAwPmZD6FiqWAQmyBbxZ/TSKn06iLV9NsBC/b2RsciYaRTayYjhyKx6c/E/r5Pi4CbIhEpSBMWXhwappBjTeRe0LzRwlFNLGNfCZqV8xDTjaBsr2RL81S+vk2a14nsV/6Fart3mdRTJObkgV8Qn16RG7kmdNAgnGXkmr+TNeXJenHfnYzlacPKdU/IHzucP/WiVfA==</latexit><latexit sha1_base64="UWfnS4IaeWWjVZKwiRGAaWqstbY=">AAAB/nicbVC7SgNBFJ2Nrxhfq2JlMxgEq7CbRsugjWUE84BkCbOTm2TI7OwyczcQloC/YmOhiK3fYeffOEm20MQDA4dz7uWeOWEihUHP+3YKG5tb2zvF3dLe/sHhkXt80jRxqjk0eCxj3Q6ZASkUNFCghHaigUWhhFY4vpv7rQloI2L1iNMEgogNlRgIztBKPfcsTJGqGKkGCROmkI5AQ88texVvAbpO/JyUSY56z/3q9mOeRqCQS2ZMx/cSDDKmUXAJs1I3NZAwPmZD6FiqWAQmyBbxZ/TSKn06iLV9NsBC/b2RsciYaRTayYjhyKx6c/E/r5Pi4CbIhEpSBMWXhwappBjTeRe0LzRwlFNLGNfCZqV8xDTjaBsr2RL81S+vk2a14nsV/6Fart3mdRTJObkgV8Qn16RG7kmdNAgnGXkmr+TNeXJenHfnYzlacPKdU/IHzucP/WiVfA==</latexit><latexit sha1_base64="UWfnS4IaeWWjVZKwiRGAaWqstbY=">AAAB/nicbVC7SgNBFJ2Nrxhfq2JlMxgEq7CbRsugjWUE84BkCbOTm2TI7OwyczcQloC/YmOhiK3fYeffOEm20MQDA4dz7uWeOWEihUHP+3YKG5tb2zvF3dLe/sHhkXt80jRxqjk0eCxj3Q6ZASkUNFCghHaigUWhhFY4vpv7rQloI2L1iNMEgogNlRgIztBKPfcsTJGqGKkGCROmkI5AQ88texVvAbpO/JyUSY56z/3q9mOeRqCQS2ZMx/cSDDKmUXAJs1I3NZAwPmZD6FiqWAQmyBbxZ/TSKn06iLV9NsBC/b2RsciYaRTayYjhyKx6c/E/r5Pi4CbIhEpSBMWXhwappBjTeRe0LzRwlFNLGNfCZqV8xDTjaBsr2RL81S+vk2a14nsV/6Fart3mdRTJObkgV8Qn16RG7kmdNAgnGXkmr+TNeXJenHfnYzlacPKdU/IHzucP/WiVfA==</latexit>

(Including other PNGB)
<latexit sha1_base64="iaYHQrMKfA52EcL7nwx+lXnUQ+s=">AAAB/3icbVA9SwNBEN2LXzF+nQo2NotBiE24S6NliIXaSATzAckR9jZ7yZK9vWN3TghnCv+KjYUitv4NO/+Nm+QKTXww8Hhvhpl5fiy4Bsf5tnIrq2vrG/nNwtb2zu6evX/Q1FGiKGvQSESq7RPNBJesARwEa8eKkdAXrOWPLqd+64EpzSN5D+OYeSEZSB5wSsBIPfuodCOpSPpcDnAEQ6Zw/faqdtazi07ZmQEvEzcjRZSh3rO/uv2IJiGTQAXRuuM6MXgpUcCpYJNCN9EsJnREBqxjqCQh0146u3+CT43Sx0GkTEnAM/X3REpCrcehbzpDAkO96E3F/7xOAsGFl3IZJ8AknS8KEoEhwtMwcJ8rRkGMDSFUcXMrpkOiCAUTWcGE4C6+vEyalbLrlN27SrFay+LIo2N0gkrIReeoiq5RHTUQRY/oGb2iN+vJerHerY95a87KZg7RH1ifP1SLlPw=</latexit><latexit sha1_base64="iaYHQrMKfA52EcL7nwx+lXnUQ+s=">AAAB/3icbVA9SwNBEN2LXzF+nQo2NotBiE24S6NliIXaSATzAckR9jZ7yZK9vWN3TghnCv+KjYUitv4NO/+Nm+QKTXww8Hhvhpl5fiy4Bsf5tnIrq2vrG/nNwtb2zu6evX/Q1FGiKGvQSESq7RPNBJesARwEa8eKkdAXrOWPLqd+64EpzSN5D+OYeSEZSB5wSsBIPfuodCOpSPpcDnAEQ6Zw/faqdtazi07ZmQEvEzcjRZSh3rO/uv2IJiGTQAXRuuM6MXgpUcCpYJNCN9EsJnREBqxjqCQh0146u3+CT43Sx0GkTEnAM/X3REpCrcehbzpDAkO96E3F/7xOAsGFl3IZJ8AknS8KEoEhwtMwcJ8rRkGMDSFUcXMrpkOiCAUTWcGE4C6+vEyalbLrlN27SrFay+LIo2N0gkrIReeoiq5RHTUQRY/oGb2iN+vJerHerY95a87KZg7RH1ifP1SLlPw=</latexit><latexit sha1_base64="iaYHQrMKfA52EcL7nwx+lXnUQ+s=">AAAB/3icbVA9SwNBEN2LXzF+nQo2NotBiE24S6NliIXaSATzAckR9jZ7yZK9vWN3TghnCv+KjYUitv4NO/+Nm+QKTXww8Hhvhpl5fiy4Bsf5tnIrq2vrG/nNwtb2zu6evX/Q1FGiKGvQSESq7RPNBJesARwEa8eKkdAXrOWPLqd+64EpzSN5D+OYeSEZSB5wSsBIPfuodCOpSPpcDnAEQ6Zw/faqdtazi07ZmQEvEzcjRZSh3rO/uv2IJiGTQAXRuuM6MXgpUcCpYJNCN9EsJnREBqxjqCQh0146u3+CT43Sx0GkTEnAM/X3REpCrcehbzpDAkO96E3F/7xOAsGFl3IZJ8AknS8KEoEhwtMwcJ8rRkGMDSFUcXMrpkOiCAUTWcGE4C6+vEyalbLrlN27SrFay+LIo2N0gkrIReeoiq5RHTUQRY/oGb2iN+vJerHerY95a87KZg7RH1ifP1SLlPw=</latexit><latexit sha1_base64="iaYHQrMKfA52EcL7nwx+lXnUQ+s=">AAAB/3icbVA9SwNBEN2LXzF+nQo2NotBiE24S6NliIXaSATzAckR9jZ7yZK9vWN3TghnCv+KjYUitv4NO/+Nm+QKTXww8Hhvhpl5fiy4Bsf5tnIrq2vrG/nNwtb2zu6evX/Q1FGiKGvQSESq7RPNBJesARwEa8eKkdAXrOWPLqd+64EpzSN5D+OYeSEZSB5wSsBIPfuodCOpSPpcDnAEQ6Zw/faqdtazi07ZmQEvEzcjRZSh3rO/uv2IJiGTQAXRuuM6MXgpUcCpYJNCN9EsJnREBqxjqCQh0146u3+CT43Sx0GkTEnAM/X3REpCrcehbzpDAkO96E3F/7xOAsGFl3IZJ8AknS8KEoEhwtMwcJ8rRkGMDSFUcXMrpkOiCAUTWcGE4C6+vEyalbLrlN27SrFay+LIo2N0gkrIReeoiq5RHTUQRY/oGb2iN+vJerHerY95a87KZg7RH1ifP1SLlPw=</latexit>

Electroweak breaking scale
<latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit>
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