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• Introduction:  

‣ Sp(4) gauge theory: A Composite Higgs model 

‣ Top partner 

• Techniques 

‣ Smearing, GEVP, Scale setting: gradient-flow  

• Results 

• Summary and Outlook

Outline
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Composite Higgs Model

Plank Scale
1016TeV

Higgs mass
0.125TeV

Hierarchy Flavour Scale
∼ 1000TeV

Composite Higgs Scale, ΛC.H. ∼ TeV

Little hierarchy
S.S.B.

Couple
Higgs boson as a bound state of 
new strong dynamics, which is 
lighter because of being a pseudo 
Nambu-Goldstone Boson. 
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Scales:



Composite Higgs Model
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Composite Higgs Model

Symmetries
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<latexit sha1_base64="7LReIJ0nJH/pQOqllQQl7FEtlB0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0ocsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qb9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQPeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/fKyRZw==</latexit>

G

Composite Higgs Model

Symmetries

• Global symmetry: 
<latexit sha1_base64="oIRiSYGmPSun+i4ZonjA8ooDvK8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBRV1WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6DjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6j3ni4rjVbRR1ldIbO0SXy0A1qonvURh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8ffn+RbQ==</latexit>
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<latexit sha1_base64="dXRDcsHT4CY+Raez7QZZ87N5GzA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy46bKCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRZaPTBwOOde5twTJoIb9Lwvp7S2vrG5Vd6u7Ozu7R9UD486RqWasjZVQuleSAwTXLI2chSsl2hG4lCwbji9y/3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xeg2yLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT96/rV/WWt0SzqKMMJnMI5+HADDWhCC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDf/+Rbg==</latexit>
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<latexit sha1_base64="7LReIJ0nJH/pQOqllQQl7FEtlB0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0ocsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qb9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQPeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/fKyRZw==</latexit>

G

Composite Higgs Model

Symmetries

• Global symmetry: 

• Subgroup:       with

<latexit sha1_base64="oIRiSYGmPSun+i4ZonjA8ooDvK8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBRV1WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6DjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6j3ni4rjVbRR1ldIbO0SXy0A1qonvURh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8ffn+RbQ==</latexit>

G
<latexit sha1_base64="2UwAklhyjmJtGDD0T+s7+GXIrxs=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiyItMsK9gFNCJPppB06MwkzE6GE7tz4K25cKOLWX3Dn3zhps9DWAxcO59zLvfeECaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxTe53H4hUNBb3epIQn6OhoBHFSBspsE8aQeZJDm+7U+ipNFREQ48jPcKIZc1pYFecqjMDXCZuQSqgQCuwv7xBjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m/0xhWdGGcAolqaEhjP190SGuFITHprO/ES16OXif14/1dG1n1GRpJoIPF8UpQzqGOahwAGVBGs2MQRhSc2tEI+QRFib6MomBHfx5WXSuai6tWrt7rJSbxRxlMAxOAXnwAVXoA6aoAXaAINH8AxewZv1ZL1Y79bHvHXFKmaOwB9Ynz+HSZkk</latexit>
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<latexit sha1_base64="2VtN8JLMDFl5DuRNXAWcNgeq0EM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBhV1WsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gund7nfe6JSsUQ86llKgxiPBYsYwdpKPvJjrCcE86w1H1Zrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OIatXLxf+8gdHRbZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiuNe+LOspwBudwCR7cQBNa0IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+ANbckZg=</latexit>
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<latexit sha1_base64="dXRDcsHT4CY+Raez7QZZ87N5GzA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy46bKCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRZaPTBwOOde5twTJoIb9Lwvp7S2vrG5Vd6u7Ozu7R9UD486RqWasjZVQuleSAwTXLI2chSsl2hG4lCwbji9y/3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xeg2yLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT96/rV/WWt0SzqKMMJnMI5+HADDWhCC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDf/+Rbg==</latexit>

H

<latexit sha1_base64="p/yF8YcKtyr+luvyIwu7WIJotTg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2NBkB4rWFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uHRk45TxbDJYhGrdkA1Ci6xabgR2E4U0igQ2ApGdzO/NUaleSwfzSRBP6IDyUPOqLFSqztGlt1Pe+WKW3XnIKvEy0kFcjR65a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/Nzp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NbPuExSg5ItFoWpICYms99JnytkRkwsoUxxeythQ6ooMzahkg3BW355lTxdVL3r6tXDZaVWz+Mowgmcwjl4cAM1qEMDmsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9q94+o</latexit>

~F<latexit sha1_base64="7LReIJ0nJH/pQOqllQQl7FEtlB0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0ocsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qb9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQPeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/fKyRZw==</latexit>

G

Composite Higgs Model

Symmetries

• Global symmetry: 

• Subgroup:       with

<latexit sha1_base64="oIRiSYGmPSun+i4ZonjA8ooDvK8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBRV1WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6DjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6j3ni4rjVbRR1ldIbO0SXy0A1qonvURh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8ffn+RbQ==</latexit>
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<latexit sha1_base64="2UwAklhyjmJtGDD0T+s7+GXIrxs=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiyItMsK9gFNCJPppB06MwkzE6GE7tz4K25cKOLWX3Dn3zhps9DWAxcO59zLvfeECaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxTe53H4hUNBb3epIQn6OhoBHFSBspsE8aQeZJDm+7U+ipNFREQ48jPcKIZc1pYFecqjMDXCZuQSqgQCuwv7xBjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m/0xhWdGGcAolqaEhjP190SGuFITHprO/ES16OXif14/1dG1n1GRpJoIPF8UpQzqGOahwAGVBGs2MQRhSc2tEI+QRFib6MomBHfx5WXSuai6tWrt7rJSbxRxlMAxOAXnwAVXoA6aoAXaAINH8AxewZv1ZL1Y79bHvHXFKmaOwB9Ynz+HSZkk</latexit>
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<latexit sha1_base64="2VtN8JLMDFl5DuRNXAWcNgeq0EM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBhV1WsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gund7nfe6JSsUQ86llKgxiPBYsYwdpKPvJjrCcE86w1H1Zrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OIatXLxf+8gdHRbZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiuNe+LOspwBudwCR7cQBNa0IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+ANbckZg=</latexit>

H

4



<latexit sha1_base64="dXRDcsHT4CY+Raez7QZZ87N5GzA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy46bKCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRZaPTBwOOde5twTJoIb9Lwvp7S2vrG5Vd6u7Ozu7R9UD486RqWasjZVQuleSAwTXLI2chSsl2hG4lCwbji9y/3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xeg2yLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT96/rV/WWt0SzqKMMJnMI5+HADDWhCC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDf/+Rbg==</latexit>

H

<latexit sha1_base64="p/yF8YcKtyr+luvyIwu7WIJotTg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2NBkB4rWFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uHRk45TxbDJYhGrdkA1Ci6xabgR2E4U0igQ2ApGdzO/NUaleSwfzSRBP6IDyUPOqLFSqztGlt1Pe+WKW3XnIKvEy0kFcjR65a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/Nzp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NbPuExSg5ItFoWpICYms99JnytkRkwsoUxxeythQ6ooMzahkg3BW355lTxdVL3r6tXDZaVWz+Mowgmcwjl4cAM1qEMDmsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9q94+o</latexit>
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<latexit sha1_base64="AG92TCyQkg51NfAqe12Fuezt9os=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGbE7SAS4sVjBLNAZhh6OjVJk56F7hohhODFX/HiQRGvfoU3/8bOctDEBwWP96qoqhekUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1kikONZ7IRDUDpkGKGGooUEIzVcCiQEIj6N2M/MYDKC2S+B77KXgR68QiFJyhkfzCvishRHpFXewCMr9CXSU6XaTXfqFol+wx6DxxpqRIpqj6hS+3nfAsghi5ZFq3HDtFb8AUCi5hmHczDSnjPdaBlqExi0B7g/ELQ3pklDYNE2UqRjpWf08MWKR1PwpMZ8Swq2e9kfif18owvPQGIk4zhJhPFoWZpJjQUR60LRRwlH1DGFfC3Ep5lynG0aSWNyE4sy/Pk/pJyTkvnd2dFsuVaRw5ckAOyTFxyAUpk1tSJTXCySN5Jq/kzXqyXqx362PSumBNZ/bIH1ifP4SElj0=</latexit>

h✓Bi

<latexit sha1_base64="7LReIJ0nJH/pQOqllQQl7FEtlB0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0ocsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qb9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQPeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/fKyRZw==</latexit>

G
<latexit sha1_base64="lPBgiiH3z8R24MHXy1UbGdeckY8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZa1Zv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3voZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1atVa4/XlfpdHkcRzuAcLsGDG6jDAzSgCQzG8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCBy4+z</latexit>
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Composite Higgs Model

Symmetries

• Global symmetry: 

• Subgroup:       with

• Vacuum misalignment angle:

<latexit sha1_base64="oIRiSYGmPSun+i4ZonjA8ooDvK8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBRV1WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6DjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6j3ni4rjVbRR1ldIbO0SXy0A1qonvURh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8ffn+RbQ==</latexit>

G
<latexit sha1_base64="2UwAklhyjmJtGDD0T+s7+GXIrxs=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiyItMsK9gFNCJPppB06MwkzE6GE7tz4K25cKOLWX3Dn3zhps9DWAxcO59zLvfeECaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxTe53H4hUNBb3epIQn6OhoBHFSBspsE8aQeZJDm+7U+ipNFREQ48jPcKIZc1pYFecqjMDXCZuQSqgQCuwv7xBjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m/0xhWdGGcAolqaEhjP190SGuFITHprO/ES16OXif14/1dG1n1GRpJoIPF8UpQzqGOahwAGVBGs2MQRhSc2tEI+QRFib6MomBHfx5WXSuai6tWrt7rJSbxRxlMAxOAXnwAVXoA6aoAXaAINH8AxewZv1ZL1Y79bHvHXFKmaOwB9Ynz+HSZkk</latexit>
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<latexit sha1_base64="2VtN8JLMDFl5DuRNXAWcNgeq0EM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBhV1WsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gund7nfe6JSsUQ86llKgxiPBYsYwdpKPvJjrCcE86w1H1Zrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OIatXLxf+8gdHRbZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiuNe+LOspwBudwCR7cQBNa0IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+ANbckZg=</latexit>

H

<latexit sha1_base64="KB+enjjeb+Bam6xkeiB5ZxQ5BOg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj0oMcK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildheHHGnvulcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmmeV7xqpXp/Ua7d5nEU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx/sPo/t</latexit>

✓B

4



<latexit sha1_base64="dXRDcsHT4CY+Raez7QZZ87N5GzA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy46bKCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRZaPTBwOOde5twTJoIb9Lwvp7S2vrG5Vd6u7Ozu7R9UD486RqWasjZVQuleSAwTXLI2chSsl2hG4lCwbji9y/3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xeg2yLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT96/rV/WWt0SzqKMMJnMI5+HADDWhCC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDf/+Rbg==</latexit>

H

<latexit sha1_base64="p/yF8YcKtyr+luvyIwu7WIJotTg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2NBkB4rWFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uHRk45TxbDJYhGrdkA1Ci6xabgR2E4U0igQ2ApGdzO/NUaleSwfzSRBP6IDyUPOqLFSqztGlt1Pe+WKW3XnIKvEy0kFcjR65a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/Nzp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NbPuExSg5ItFoWpICYms99JnytkRkwsoUxxeythQ6ooMzahkg3BW355lTxdVL3r6tXDZaVWz+Mowgmcwjl4cAM1qEMDmsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9q94+o</latexit>

~F
<latexit sha1_base64="AG92TCyQkg51NfAqe12Fuezt9os=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGbE7SAS4sVjBLNAZhh6OjVJk56F7hohhODFX/HiQRGvfoU3/8bOctDEBwWP96qoqhekUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1kikONZ7IRDUDpkGKGGooUEIzVcCiQEIj6N2M/MYDKC2S+B77KXgR68QiFJyhkfzCvishRHpFXewCMr9CXSU6XaTXfqFol+wx6DxxpqRIpqj6hS+3nfAsghi5ZFq3HDtFb8AUCi5hmHczDSnjPdaBlqExi0B7g/ELQ3pklDYNE2UqRjpWf08MWKR1PwpMZ8Swq2e9kfif18owvPQGIk4zhJhPFoWZpJjQUR60LRRwlH1DGFfC3Ep5lynG0aSWNyE4sy/Pk/pJyTkvnd2dFsuVaRw5ckAOyTFxyAUpk1tSJTXCySN5Jq/kzXqyXqx362PSumBNZ/bIH1ifP4SElj0=</latexit>

h✓Bi

<latexit sha1_base64="7LReIJ0nJH/pQOqllQQl7FEtlB0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0ocsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qb9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQPeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/fKyRZw==</latexit>

G
<latexit sha1_base64="lPBgiiH3z8R24MHXy1UbGdeckY8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZa1Zv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3voZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1atVa4/XlfpdHkcRzuAcLsGDG6jDAzSgCQzG8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCBy4+z</latexit>

~V

Composite Higgs Model

Symmetries

• Global symmetry: 

• Subgroup:       with

• Vacuum misalignment angle:

• Coset                pNGBs 

<latexit sha1_base64="oIRiSYGmPSun+i4ZonjA8ooDvK8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBRV1WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6DjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6j3ni4rjVbRR1ldIbO0SXy0A1qonvURh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8ffn+RbQ==</latexit>

G
<latexit sha1_base64="2UwAklhyjmJtGDD0T+s7+GXIrxs=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiyItMsK9gFNCJPppB06MwkzE6GE7tz4K25cKOLWX3Dn3zhps9DWAxcO59zLvfeECaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxTe53H4hUNBb3epIQn6OhoBHFSBspsE8aQeZJDm+7U+ipNFREQ48jPcKIZc1pYFecqjMDXCZuQSqgQCuwv7xBjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m/0xhWdGGcAolqaEhjP190SGuFITHprO/ES16OXif14/1dG1n1GRpJoIPF8UpQzqGOahwAGVBGs2MQRhSc2tEI+QRFib6MomBHfx5WXSuai6tWrt7rJSbxRxlMAxOAXnwAVXoA6aoAXaAINH8AxewZv1ZL1Y79bHvHXFKmaOwB9Ynz+HSZkk</latexit>

GEW ⇢ H
<latexit sha1_base64="2VtN8JLMDFl5DuRNXAWcNgeq0EM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBhV1WsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gund7nfe6JSsUQ86llKgxiPBYsYwdpKPvJjrCcE86w1H1Zrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OIatXLxf+8gdHRbZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiuNe+LOspwBudwCR7cQBNa0IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+ANbckZg=</latexit>

H

<latexit sha1_base64="KB+enjjeb+Bam6xkeiB5ZxQ5BOg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj0oMcK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildheHHGnvulcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmmeV7xqpXp/Ua7d5nEU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx/sPo/t</latexit>

✓B

4

<latexit sha1_base64="RAIPZTqw5TBpNkneIj2jfy7d1iI=">AAACDnicbVDLSgMxFM3UV62vUZdugqXgqs6IVJcFF+2ygm2FzlAyaaYNzSRDklHK0C9w46+4caGIW9fu/Bsz7SDaeiBwcs693HtPEDOqtON8WYWV1bX1jeJmaWt7Z3fP3j/oKJFITNpYMCFvA6QIo5y0NdWM3MaSoChgpBuMrzK/e0ekooLf6ElM/AgNOQ0pRtpIfbviRUiPMGJpYwpP4c+vOYWepMORRlKK+75ddqrODHCZuDkpgxytvv3pDQROIsI1ZkipnuvE2k+R1BQzMi15iSIxwmM0JD1DOYqI8tPZOVNYMcoAhkKaxzWcqb87UhQpNYkCU5mtqxa9TPzP6yU6vPRTyuNEE47ng8KEQS1glg0cUEmwZhNDEJbU7ArxCEmEtUmwZEJwF09eJp2zqlur1q7Py/VGHkcRHIFjcAJccAHqoAlaoA0weABP4AW8Wo/Ws/Vmvc9LC1becwj+wPr4BkU4nEw=</latexit>

G/H !



<latexit sha1_base64="PdrWNsvFuN//UALQG5hDew9CU1Q=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryOJF46QyCOBDZkdGhiZnd3MzJKQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIbm1vbO/ndwt7+weFR8fikqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxw9xvTVBpHslHM43RD+lQ8gFn1FipPukVS27ZXYCsEy8jJchQ6xW/uv2IJSFKwwTVuuO5sfFTqgxnAmeFbqIxpmxMh9ixVNIQtZ8uDp2RC6v0ySBStqQhC/X3REpDradhYDtDakZ61ZuL/3mdxAzu/ZTLODEo2XLRIBHERGT+NelzhcyIqSWUKW5vJWxEFWXGZlOwIXirL6+T5lXZuy3f1K9LlWoWRx7O4BwuwYM7qEAVatAABgjP8ApvzpPz4rw7H8vWnJPNnMIfOJ8/6D+NCg==</latexit>v
<latexit sha1_base64="dXRDcsHT4CY+Raez7QZZ87N5GzA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy46bKCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRZaPTBwOOde5twTJoIb9Lwvp7S2vrG5Vd6u7Ozu7R9UD486RqWasjZVQuleSAwTXLI2chSsl2hG4lCwbji9y/3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xeg2yLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT96/rV/WWt0SzqKMMJnMI5+HADDWhCC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDf/+Rbg==</latexit>

H

<latexit sha1_base64="p/yF8YcKtyr+luvyIwu7WIJotTg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2NBkB4rWFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uHRk45TxbDJYhGrdkA1Ci6xabgR2E4U0igQ2ApGdzO/NUaleSwfzSRBP6IDyUPOqLFSqztGlt1Pe+WKW3XnIKvEy0kFcjR65a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/Nzp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NbPuExSg5ItFoWpICYms99JnytkRkwsoUxxeythQ6ooMzahkg3BW355lTxdVL3r6tXDZaVWz+Mowgmcwjl4cAM1qEMDmsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9q94+o</latexit>

~F
<latexit sha1_base64="AG92TCyQkg51NfAqe12Fuezt9os=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGbE7SAS4sVjBLNAZhh6OjVJk56F7hohhODFX/HiQRGvfoU3/8bOctDEBwWP96qoqhekUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1kikONZ7IRDUDpkGKGGooUEIzVcCiQEIj6N2M/MYDKC2S+B77KXgR68QiFJyhkfzCvishRHpFXewCMr9CXSU6XaTXfqFol+wx6DxxpqRIpqj6hS+3nfAsghi5ZFq3HDtFb8AUCi5hmHczDSnjPdaBlqExi0B7g/ELQ3pklDYNE2UqRjpWf08MWKR1PwpMZ8Swq2e9kfif18owvPQGIk4zhJhPFoWZpJjQUR60LRRwlH1DGFfC3Ep5lynG0aSWNyE4sy/Pk/pJyTkvnd2dFsuVaRw5ckAOyTFxyAUpk1tSJTXCySN5Jq/kzXqyXqx362PSumBNZ/bIH1ifP4SElj0=</latexit>

h✓Bi

<latexit sha1_base64="7LReIJ0nJH/pQOqllQQl7FEtlB0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0ocsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qb9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQPeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/fKyRZw==</latexit>

G
<latexit sha1_base64="lPBgiiH3z8R24MHXy1UbGdeckY8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZa1Zv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3voZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1atVa4/XlfpdHkcRzuAcLsGDG6jDAzSgCQzG8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCBy4+z</latexit>

~V

Composite Higgs Model

Symmetries

• Global symmetry: 

• Subgroup:       with

• Vacuum misalignment angle:

• Coset                pNGBs 

•  The scale of the EWSB:

<latexit sha1_base64="oIRiSYGmPSun+i4ZonjA8ooDvK8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBRV1WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6DjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6j3ni4rjVbRR1ldIbO0SXy0A1qonvURh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8ffn+RbQ==</latexit>

G
<latexit sha1_base64="2UwAklhyjmJtGDD0T+s7+GXIrxs=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiyItMsK9gFNCJPppB06MwkzE6GE7tz4K25cKOLWX3Dn3zhps9DWAxcO59zLvfeECaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxTe53H4hUNBb3epIQn6OhoBHFSBspsE8aQeZJDm+7U+ipNFREQ48jPcKIZc1pYFecqjMDXCZuQSqgQCuwv7xBjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m/0xhWdGGcAolqaEhjP190SGuFITHprO/ES16OXif14/1dG1n1GRpJoIPF8UpQzqGOahwAGVBGs2MQRhSc2tEI+QRFib6MomBHfx5WXSuai6tWrt7rJSbxRxlMAxOAXnwAVXoA6aoAXaAINH8AxewZv1ZL1Y79bHvHXFKmaOwB9Ynz+HSZkk</latexit>

GEW ⇢ H
<latexit sha1_base64="2VtN8JLMDFl5DuRNXAWcNgeq0EM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBhV1WsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gund7nfe6JSsUQ86llKgxiPBYsYwdpKPvJjrCcE86w1H1Zrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OIatXLxf+8gdHRbZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiuNe+LOspwBudwCR7cQBNa0IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+ANbckZg=</latexit>

H

<latexit sha1_base64="KB+enjjeb+Bam6xkeiB5ZxQ5BOg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj0oMcK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildheHHGnvulcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmmeV7xqpXp/Ua7d5nEU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx/sPo/t</latexit>

✓B

<latexit sha1_base64="yoyp1Rl4Kg6Kq9NPa+RycDWPUzs=">AAACCnicbVA9SwNBEN3zM8avqKXNahBiE+5E1EYICmqpYBIhF8LeZs4s7u0du3OBcMbWxr9iY6GIrb/Azn/jJqZQ44OBx3szzMwLEikMuu6nMzE5NT0zm5vLzy8sLi0XVlZrJk41hyqPZayvAmZACgVVFCjhKtHAokBCPbg5Hvj1LmgjYnWJvQSaEbtWIhScoZVahY0uPaQh9Y1Q1McOIGsd3ZXCw1u/Czw76d9utwpFt+wOQceJNyJFMsJ5q/Dht2OeRqCQS2ZMw3MTbGZMo+AS+nk/NZAwfsOuoWGpYhGYZjZ8pU+3rNKmYaxtKaRD9edExiJjelFgOyOGHfPXG4j/eY0Uw4NmJlSSIij+vShMJcWYDnKhbaGBo+xZwrgW9lbKO0wzjja9vA3B+/vyOKntlL298t7FbrFyOoojR9bJJikRj+yTCjkj56RKOLknj+SZvDgPzpPz6rx9t044o5k18gvO+xeMs5mZ</latexit>
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<latexit sha1_base64="RAIPZTqw5TBpNkneIj2jfy7d1iI=">AAACDnicbVDLSgMxFM3UV62vUZdugqXgqs6IVJcFF+2ygm2FzlAyaaYNzSRDklHK0C9w46+4caGIW9fu/Bsz7SDaeiBwcs693HtPEDOqtON8WYWV1bX1jeJmaWt7Z3fP3j/oKJFITNpYMCFvA6QIo5y0NdWM3MaSoChgpBuMrzK/e0ekooLf6ElM/AgNOQ0pRtpIfbviRUiPMGJpYwpP4c+vOYWepMORRlKK+75ddqrODHCZuDkpgxytvv3pDQROIsI1ZkipnuvE2k+R1BQzMi15iSIxwmM0JD1DOYqI8tPZOVNYMcoAhkKaxzWcqb87UhQpNYkCU5mtqxa9TPzP6yU6vPRTyuNEE47ng8KEQS1glg0cUEmwZhNDEJbU7ArxCEmEtUmwZEJwF09eJp2zqlur1q7Py/VGHkcRHIFjcAJccAHqoAlaoA0weABP4AW8Wo/Ws/Vmvc9LC1becwj+wPr4BkU4nEw=</latexit>
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<latexit sha1_base64="PdrWNsvFuN//UALQG5hDew9CU1Q=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryOJF46QyCOBDZkdGhiZnd3MzJKQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIbm1vbO/ndwt7+weFR8fikqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxw9xvTVBpHslHM43RD+lQ8gFn1FipPukVS27ZXYCsEy8jJchQ6xW/uv2IJSFKwwTVuuO5sfFTqgxnAmeFbqIxpmxMh9ixVNIQtZ8uDp2RC6v0ySBStqQhC/X3REpDradhYDtDakZ61ZuL/3mdxAzu/ZTLODEo2XLRIBHERGT+NelzhcyIqSWUKW5vJWxEFWXGZlOwIXirL6+T5lXZuy3f1K9LlWoWRx7O4BwuwYM7qEAVatAABgjP8ApvzpPz4rw7H8vWnJPNnMIfOJ8/6D+NCg==</latexit>v
<latexit sha1_base64="dXRDcsHT4CY+Raez7QZZ87N5GzA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy46bKCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRZaPTBwOOde5twTJoIb9Lwvp7S2vrG5Vd6u7Ozu7R9UD486RqWasjZVQuleSAwTXLI2chSsl2hG4lCwbji9y/3uI9OGK/mAs4QFMRlLHnFK0Er9QUxwQonImvNhtebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFpHn7plVRm6ktH0S3YX6cyMjsTGzOLSTeUSz6uXif14/xeg2yLhMUmSSLj+KUuGicvP73RHXjKKYWUKo5jarSydEE4q2pYotwV89+S/pXNT96/rV/WWt0SzqKMMJnMI5+HADDWhCC9pAQcETvMCrg86z8+a8L0dLTrFzDL/gfHwDf/+Rbg==</latexit>

H

<latexit sha1_base64="p/yF8YcKtyr+luvyIwu7WIJotTg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2NBkB4rWFtoQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uHRk45TxbDJYhGrdkA1Ci6xabgR2E4U0igQ2ApGdzO/NUaleSwfzSRBP6IDyUPOqLFSqztGlt1Pe+WKW3XnIKvEy0kFcjR65a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/Nzp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NbPuExSg5ItFoWpICYms99JnytkRkwsoUxxeythQ6ooMzahkg3BW355lTxdVL3r6tXDZaVWz+Mowgmcwjl4cAM1qEMDmsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9q94+o</latexit>

~F
<latexit sha1_base64="AG92TCyQkg51NfAqe12Fuezt9os=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGbE7SAS4sVjBLNAZhh6OjVJk56F7hohhODFX/HiQRGvfoU3/8bOctDEBwWP96qoqhekUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1kikONZ7IRDUDpkGKGGooUEIzVcCiQEIj6N2M/MYDKC2S+B77KXgR68QiFJyhkfzCvishRHpFXewCMr9CXSU6XaTXfqFol+wx6DxxpqRIpqj6hS+3nfAsghi5ZFq3HDtFb8AUCi5hmHczDSnjPdaBlqExi0B7g/ELQ3pklDYNE2UqRjpWf08MWKR1PwpMZ8Swq2e9kfif18owvPQGIk4zhJhPFoWZpJjQUR60LRRwlH1DGFfC3Ep5lynG0aSWNyE4sy/Pk/pJyTkvnd2dFsuVaRw5ckAOyTFxyAUpk1tSJTXCySN5Jq/kzXqyXqx362PSumBNZ/bIH1ifP4SElj0=</latexit>

h✓Bi

<latexit sha1_base64="7LReIJ0nJH/pQOqllQQl7FEtlB0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0ocsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qb9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQPeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/fKyRZw==</latexit>

G
<latexit sha1_base64="lPBgiiH3z8R24MHXy1UbGdeckY8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZa1Zv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3voZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1atVa4/XlfpdHkcRzuAcLsGDG6jDAzSgCQzG8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCBy4+z</latexit>

~V

Composite Higgs Model

Symmetries

• Global symmetry: 

• Subgroup:       with

• Vacuum misalignment angle:

• Coset                pNGBs 

•  The scale of the EWSB:

❖ Technicolor model: Higgs  ∈

<latexit sha1_base64="oIRiSYGmPSun+i4ZonjA8ooDvK8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBRV1WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6DjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6j3ni4rjVbRR1ldIbO0SXy0A1qonvURh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8ffn+RbQ==</latexit>

G
<latexit sha1_base64="2UwAklhyjmJtGDD0T+s7+GXIrxs=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiyItMsK9gFNCJPppB06MwkzE6GE7tz4K25cKOLWX3Dn3zhps9DWAxcO59zLvfeECaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxTe53H4hUNBb3epIQn6OhoBHFSBspsE8aQeZJDm+7U+ipNFREQ48jPcKIZc1pYFecqjMDXCZuQSqgQCuwv7xBjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m/0xhWdGGcAolqaEhjP190SGuFITHprO/ES16OXif14/1dG1n1GRpJoIPF8UpQzqGOahwAGVBGs2MQRhSc2tEI+QRFib6MomBHfx5WXSuai6tWrt7rJSbxRxlMAxOAXnwAVXoA6aoAXaAINH8AxewZv1ZL1Y79bHvHXFKmaOwB9Ynz+HSZkk</latexit>

GEW ⇢ H
<latexit sha1_base64="2VtN8JLMDFl5DuRNXAWcNgeq0EM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBhV1WsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gund7nfe6JSsUQ86llKgxiPBYsYwdpKPvJjrCcE86w1H1Zrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OIatXLxf+8gdHRbZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiuNe+LOspwBudwCR7cQBNa0IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+ANbckZg=</latexit>
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<latexit sha1_base64="KB+enjjeb+Bam6xkeiB5ZxQ5BOg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj0oMcK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildheHHGnvulcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmmeV7xqpXp/Ua7d5nEU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx/sPo/t</latexit>
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<latexit sha1_base64="RAIPZTqw5TBpNkneIj2jfy7d1iI=">AAACDnicbVDLSgMxFM3UV62vUZdugqXgqs6IVJcFF+2ygm2FzlAyaaYNzSRDklHK0C9w46+4caGIW9fu/Bsz7SDaeiBwcs693HtPEDOqtON8WYWV1bX1jeJmaWt7Z3fP3j/oKJFITNpYMCFvA6QIo5y0NdWM3MaSoChgpBuMrzK/e0ekooLf6ElM/AgNOQ0pRtpIfbviRUiPMGJpYwpP4c+vOYWepMORRlKK+75ddqrODHCZuDkpgxytvv3pDQROIsI1ZkipnuvE2k+R1BQzMi15iSIxwmM0JD1DOYqI8tPZOVNYMcoAhkKaxzWcqb87UhQpNYkCU5mtqxa9TPzP6yU6vPRTyuNEE47ng8KEQS1glg0cUEmwZhNDEJbU7ArxCEmEtUmwZEJwF09eJp2zqlur1q7Py/VGHkcRHIFjcAJccAHqoAlaoA0weABP4AW8Wo/Ws/Vmvc9LC1becwj+wPr4BkU4nEw=</latexit>

G/H !

<latexit sha1_base64="2VtN8JLMDFl5DuRNXAWcNgeq0EM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBhV1WsA9oQplMJ+3QySTMQyihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfTmljc2t7p7xb2ds/ODyqHp90VWIkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gund7nfe6JSsUQ86llKgxiPBYsYwdpKPvJjrCcE86w1H1Zrbt1dAK0TryA1KNAeVr/8UUJMTIUmHCs18NxUBxmWmhFO5xXfKJpiMsVjOrBU4JiqIFtknqMLq4xQlEj7hEYL9fdGhmOlZnFoJ/OIatXLxf+8gdHRbZAxkRpNBVkeigxHOkF5AWjEJCWazyzBRDKbFZEJlphoW1PFluCtfnmddK/qXqPeeLiuNe+LOspwBudwCR7cQBNa0IYOEEjhGV7hzTHOi/PufCxHS06xcwp/4Hz+ANbckZg=</latexit>
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Composite Higgs Model

5

Top partners:

• Share the same quantum number as the top

- Spin-1/2 bound states emerging from the novel strong-interaction sector

- Carry QCD colour charge

• Hypercolour-neutral

• Give the mass to the top by mixing with it 
<latexit sha1_base64="CGV8qsrd1oQPiNUrHAQ8Jh9HmP4="></latexit>

) mt '
y�p
2

�fp
�2f2 +M2

.

<latexit sha1_base64="QLk34hMASb4m7ug0IDaRuUmPvFI="></latexit>

Lmass = �MT̄LTR � y
vp
2
t̄LTR � �fT̄LtR + h.c. ,

= (t̄L T̄L)

✓
0 y�p

2

�f M

◆✓
tR
TR

◆
+ h.c. .

➡ Introducing higher representation

Top partial compositeness
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[D. Franzosi and G. Ferretti, arXiv:1905.08273]

Composite Higgs Models

The minimal model 
[Barnard et al, arXiv:1311.6562]

6

*Weyl fermions



Our choice of model

Enhanced global symmetry due to the (pseudo-) reality

• Breaking pattern: 

  G/H = SU(4)×SU(6) / Sp(4)×SO(6)

• Sp(4) gauge theory with 2F+3AS Dirac fermions

(4F+6AS 2-component Weyl fermions)
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Our choice of model

Enhanced global symmetry due to the (pseudo-) reality

• Breaking pattern: 

  G/H = SU(4)×SU(6) / Sp(4)×SO(6)

• Sp(4) gauge theory with 2F+3AS Dirac fermions

(4F+6AS 2-component Weyl fermions)

•  gives 5 goldstone bosons.  
‣ 4: SM Higgs doublet 
‣ 1: made heavy in model building   

SU(4)/Sp(4)

QCD colour SU(3)

• SU(3) embedded in antisymmetric 
representation: 

SU(6) → SO(6) ⊃ SU(3)

7



Chimera Baryon
• Interpolating operators 

-  type:Λ

Spin projection

-  type:Σ

: Σ* (J, R) = (3/2,10)

: Σ (J, R) = (1/2,10)

(J, R) = (1/2,5)

8

*top partner

*top partner

: hypercolour,  :  symplectic matrix  
: spin,  : irreducible rep. of the fundamental sector

a, b, c Ω 4 × 4
J R

<latexit sha1_base64="n4yyII5yL6ebmubfoWZqFB01bFI="></latexit>

O
5
CB =

�
 ̄1 aC�5 2 b

�
⌦ad⌦bc�

k cd

 and (P1/2)ij =
1
3

γiγj (P3/2)ij = δij −
1
3

γiγj

Parity projection

 and Pe ≡
1
2

(1 + γ0) Po ≡
1
2

(1 − γ0)

<latexit sha1_base64="sAZxkb/hqxSj2/mGypoXEUABH2s="></latexit>

O
i
CB =

�
 ̄1 aC�i 2 b

�
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k cd
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Mesons 
<latexit sha1_base64="LO9gyh3ByFbdEvnsFc8EWcng9mg="></latexit>

Label Interpolating operator Mesons in J
P

Sp(4) SO(6)
M OM Nf = 2 QCD

PS Qi�5Q
j

⇡ 0� 5 1
S QiQJ

a0 0+ 5 1
V Qi�µQ

j
⇢ 1� 10 1

T Qi�0�µQ
j

⇢ 1� 10 1
AV Qi�5�µQ

j
a1 1+ 5 1

AT Qi�5�0�µQ
j

b1 1+ 10 1

ps  k�5 l
⇡ 0� 1 200

s  k l
a0 0+ 1 200

v  k�µ l
⇢ 1� 1 15

t  k�0�µ l
⇢ 1� 1 15

av  k�5�µ l
a1 1+ 1 200

at  k�5�0�µ l
b1 1+ 1 15



Lattice Method
• The action: 

10

<latexit sha1_base64="6LBaIMpfn5uukv/kl2Q2LHSA5LQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiCUGZEqhuh4EKXldoHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OX4suDaO841WVtfWNzZzW/ntnd29/cLBYUNHiaKsTiMRqZZPNBNcsrrhRrBWrBgJfcGa/vB26jdHTGkeyUczjpkXkr7kAafEWMmr4Rtc6/bxue1Bt1B0Ss4MeJm4GSlChmq38NXpRTQJmTRUEK3brhMbLyXKcCrYJN9JNIsJHZI+a1sqSci0l86OnuBTq/RwEClb0uCZ+nsjJaHW49C3kyExA73oTcX/vHZigmsv5TJODJN0/lCQCGwiPE0A97hi1IixJYQqbm/FdEAUocbmlLchuItfXiaNi5JbLpUfLouVuyyOHBzDCZyBC1dQgXuoQh0oPMEzvMIbGqEX9I4+5qMrKNs5gj9Anz8zy5B4</latexit>

S = Sg + Sf
<latexit sha1_base64="N9fEj+xzqQfZWn2Md6uZjSuPWXM="></latexit>

Sg ⌘ �
X

x

X

µ<⌫

✓
1� 1

2N
ReTrUµ(x)U⌫(x+ µ̂)U†

µ(x+ ⌫̂)U†
⌫ (x)

◆
,

<latexit sha1_base64="JpojbyA/r6qn9KYl4buwX5i+VU8="></latexit>

Sf ⌘ a4
NfX

j=1

X

x

Q
j
(x)D(f)

m Qj(x) + a4
nfX

j=1

X

x

 
j
(x)D(as)

m  j(x)

• Software 

- HiRep [L. D. Debbio et al.] 

- GRID [P. Boyle et al.] 

• Wilson fermion
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Lattice Method
Smearing techniques
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Lattice Method
Smearing techniques

• Wuppertal smearing (Gaussian smearing) acts on fermion field increasing the overlap 
of ground state.

q(n+1)(x) =
1

1 + 2dε
q(n)(x) + ε

±d

∑
μ=±1

Uμ(x)q(n)(x + ̂μ)
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Lattice Method
Smearing techniques

• Wuppertal smearing (Gaussian smearing) acts on fermion field increasing the overlap 
of ground state.

q(n+1)(x) =
1

1 + 2dε
q(n)(x) + ε

±d

∑
μ=±1

Uμ(x)q(n)(x + ̂μ)

U(n+1)
μ (x) = P {(1 − α)U(n)

μ (x) +
α
6

S(n)
μ (x)}, Sμ(x) = ∑

±ν≠μ

Uν(x)Uμ(x + ̂ν)U†
ν (x + ̂μ)

• APE smearing averages out UV fluctuations of the gauge fields.
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Lattice Method
GEVP
• Generalised Eigenvalue problem

C(t2)vn(t2, t1) = λn(t2, t1)C(t1)vn(t2, t1) → λn(t2, t1)

The matrix  is constructed by different interpolating operators.C(t)
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Lattice Method
GEVP
• Generalised Eigenvalue problem

C(t2)vn(t2, t1) = λn(t2, t1)C(t1)vn(t2, t1) → λn(t2, t1)

The matrix  is constructed by different interpolating operators.C(t)

‣Type I: vary the operators by V, 
T, and their cross-channels

<latexit sha1_base64="w6JeypC7SKrP3MhBvf75JoqpRsc="></latexit>

C(t) =

✓
cV V (t) cV T (t)
cTV (t) cTT (t)

◆

<latexit sha1_base64="yC9ULnSvi7fs1OrsV9oQ4SnlMZ4="></latexit>

) En(t) = ln


�n(t+ a, t0)

�n(t, t0)

�
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Lattice Method
GEVP
• Generalised Eigenvalue problem

C(t2)vn(t2, t1) = λn(t2, t1)C(t1)vn(t2, t1) → λn(t2, t1)

The matrix  is constructed by different interpolating operators.C(t)

‣Type I: vary the operators by V, 
T, and their cross-channels

‣Type II: vary smearing levels with a single 
channel

<latexit sha1_base64="KRTG1C0Iw1im6VwdxC70aGFD2YM="></latexit>

) En(t, t0) = cosh�1


�n(t+ a, t0) + �n(t� a, t0)

2�n(t, t0)

�
.

<latexit sha1_base64="pdvkW0mB9hZTef3sckg4DmcUdv8="></latexit>

CO(t) =

0

@
C0, 0

O
(t) C0, 40

O
(t) C0, 80

O
(t)

C40, 0
O

(t) C40, 40
O

(t) C40, 80
O

(t)
C80, 0

O
(t) C80, 40

O
(t) C80, 80

O
(t)

1

A
<latexit sha1_base64="w6JeypC7SKrP3MhBvf75JoqpRsc="></latexit>

C(t) =

✓
cV V (t) cV T (t)
cTV (t) cTT (t)

◆

<latexit sha1_base64="yC9ULnSvi7fs1OrsV9oQ4SnlMZ4="></latexit>

) En(t) = ln


�n(t+ a, t0)

�n(t, t0)

�
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Lattice Method
Scale setting: gradient-flow 

[Martin Lüscher. 2009]

 ε(t) |t=t0
= ε0

 ⇒ W(t) = t
dε(t)

dt

⇒ W(t) |t=ω2
0

= W0 = 0.28125

• Lüscher demonstrated that the action density can be related to the renormalised coupling 
with an extra dimension, flow time :t

dBμ(t, x)
dt

= DνGνμ(t, x), Bμ(t, x) |t=0 = Aμ(t, x)

 

with  and .

α(μ) = kαt2 ⟨E(t)⟩ ≡ kαε(t)

μ = 1/ 8t E(t) = −
1
2

Tr(GμνGμν)

renormalised coupling  

analytically computable 

The gradient flow of the gauge field::
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Quenched Fully dynamical

Anti. nf = 3Fund. Nf = 2

Results: before fully dynamical 

- Parameter scan[2202.05516] 
- GRID with Sp(2N) [2306.11649] 
- Singlet meson [2405.05765] 
- Spectral densities [2405.01388 ]

- F. and AS. Meson spectra [1912.06505] 
- Glueball [2010.15781]  
- Topology [2205.09254,  2205.09364] 
- Chimera baryon [2311.14663] 
- large-N meson [2312.08465]

- Meson [1911.00437] 
- Singlet [2304.07191]

Review: 
Sp(2N) [2304.01070]

- Meson [2210.08154]

Sp(4) gauge [1712.04220]
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Results: Mesons 
Spectrum

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
t/a

0.25

0.50

0.75

1.00

1.25

1.50

am
e�

PS 0.2104(16)
V 0.3843(29)
T 0.3789(73)
AV 0.677(12)
AT 0.694(10)
S 0.646(13)
EV≠T

1 0.944(16)

Figure 4.3: The effective mass plot of ensemble DB2M4.



16

Results: Mesons 
Smearing measurements

Figure: Comparison of PS (upper panel) and V (lower panel) meson masses with a wall source and a smeared 
source, measured on (f) dynamical ensembles. The colors indicate the β value: 6.9 (blue), 7.05 (green), 7.2 (red), 
7.4 (cyan), and 7.5 (magenta). 
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Results: Mesons 
Chiral EFT and Extrapolations

 Apply tree-level chiral perturbation theory for the continuum and massless extrapolations. 
 

0.0 0.2 0.4 0.6 0.8 1.0 1.2
m̂2

PS

0.00

0.25

0.50

0.75

1.00

1.25

1.50

m̂
2 V 7.62

7.7
7.85
8.0
8.2

<latexit sha1_base64="R9FiqIevd8FG7PPfMCIAvWiJBSc="></latexit>

m̂2,NLO

M = m̂2,�
M

�
1 + L0

Mm̂2

PS

�
+W 0

M â

Quenched results:

<latexit sha1_base64="X89lj9mQm/w1GiEEszuqaGKojUk="></latexit>

Meson source m̂2,�
M L0

M W 0
M

V smeared 0.431(11) 1.94(6) �0.226(16)
wall 0.451(13) 1.86(7) �0.257(20)

v smeared 0.632(18) 1.477(54) �0.298(29)
wall 0.657(21) 1.375(56) �0.336(34)
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Results: Mesons 

Quenched results: 

• Fundamental (blue) 
• Antisymmetric (red) 
• Glueballs (black)

Full Spectrum
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Results: Mesons 

Quenching effects: quenched (blue) vs dynamical (red)

Dynamical  calculationsNf = 2
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Results: Chimera Baryons 
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Results: chimera baryons

Quenched results  
Apply tree-level baryon chiral perturbation theory 

mCB = mχ
CB+F2m̂2

PS+A2m̂ps
2+L1 ̂a

+F3m̂3
PS+A3m̂3

ps+L2F ̂am̂2
PS+L2A ̂am̂2

ps

+F4m̂4
PS+A4m̂4

ps+C4m̂2
PSm̂2

ps

Fitting

≠0.04 ≠0.02 0.00 0.02 0.04

≠0.04

≠0.02

0.00

0.02

0.04

7.62 7.7 7.85 8.0 8.2
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Massless-continuum limit
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Results: chimera baryons

Figure: The mass of three chimera 
baryons, , , and , as a function 
of   (left) and  (right), in the limit 
where the lattice spacing vanishes, while 

(left) and  (right). 

ΛCB ΣCB Σ*CB
m̂2

PS m̂2
ps

m̂2
ps = 0 m̂2

PS = 0



Massless-continuum limit
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Results: chimera baryons

Figure: Comparison with masses of mesons in 
quenched approximation for fermions in the 
fundamental (blue bands) and antisymmetric 
(red bands) representation of 𝑆𝑝(4), and 
glueballs (yellow) at massless-continuum 
limit. 
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Fully dynamical ensembles
<latexit sha1_base64="vZmeULuA5xm8S+CHWSPxwjP9w8Y="></latexit>

Label � am(as)
0 am(f)

0 Nt ⇥Ns �traj. hP i w0/a mPS/mV mps/mv

M1 6.5 -1.01 -0.71 48 ⇥ 20 14 0.585172(16) 2.5200(50) 0.898(7) 0.925(6)
M2 6.5 -1.01 -0.71 64 ⇥ 20 28 0.585172(12) 2.5300(40) 0.902(5) 0.928(2)
M3 6.5 -1.01 -0.71 96 ⇥ 20 26 0.585156(13) 2.5170(40) 0.898(3) 0.926(2)
M4 6.5 -1.01 -0.70 64 ⇥ 20 20 0.584228(12) 2.3557(31) 0.913(4) 0.935(3)
M5 6.5 -1.01 -0.72 64 ⇥ 32 20 0.5860810(93) 2.6927(31) 0.885(4) 0.931(2)



Dynamical simulations
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Results: chimera baryons
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Figure 5.14: Effective mass plots of chimera baryons measured on fully dynamical ensemble M2. The 
masses displayed in the legend are extracted by solving the GEVP, using various smearing-level operators 
as the basis. 

Preliminary



Dynamical simulations
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Results: chimera baryons
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Figure: Spectrum of ensemble M4. 

Preliminary

<latexit sha1_base64="5rFHshKW+fJ8TU4cOoiHek5W77I="></latexit>

(am(f)
0 , am(as)

0 ) = (�0.70,�1.01)



Dynamical simulations
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Results: chimera baryons

PS V T S AV AT ÷Õ ps v t s av at �+
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Figure: spectrum of ensemble M2.

Preliminary

<latexit sha1_base64="BgNvEEE1viaEj6pKHrczfC+U9bU="></latexit>
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Dynamical simulations
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Results: chimera baryons
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Figure: spectrum of ensemble M5.

Preliminary

<latexit sha1_base64="7rM0z5toIErqYC9tvPu/lnuRP5c="></latexit>
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0 ) = (�0.72,�1.01)



Composite Higgs model 
Mesonic spectra: quenched, F dynamical, AS dynamical (soon…) 
Chimera baryons 

-  and : Top partner candidates in our model 

-  with spin-3/2 
Fully Dynamical studies

Λ Σ
Σ*

Summary and Outlook

29
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Outlook

Technical Theoretical Obserable

- Matrix elements of 
chimera baryons 

- Four-hyperquark 
matrix elements

- Beta function: 
conformality  

- Anomalous dimension 
of the top-partner 
interaction

- Changing the fermion 
action: clover fermion, 
DW fermion, …



END 
Thank you
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Backup slides
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Results: Mesons 
Smearing measurements

14 16 18 20 22 24 26
t/a

0.28

0.29

0.30

0.31

0.32

am

[0, 0]
[0, 40]
[40, 0]
[40, 40]
[80, 0]
[80, 80]

Figure: A demonstrative effective mass plot of the ps meson, measured on ensemble ASB4M5 with the lattice 
extents Nt = 54 and Ns = 32. Different colors (shapes) of dots represent various choices of Wuppertal smearing 
iteration numbers at the source and at the sink. The step size of Wuppertal smearing is fixed at 0.16 among all 
measurements. The APE smearing parameters are common in these measurements with  and . α = 0.5 NAPE = 50



Projection-CB two-point function
Results: chimera baryons

Interpolating operator 

two-point function 

34
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Projection-CB two-point function
Results: chimera baryons

Interpolating operator 

two-point function 

34

At large Euclidean time 

<latexit sha1_base64="fED6xD9Q5NEYSk68M0sHpT9dtSU="></latexit>
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Parity projectors: 
<latexit sha1_base64="ZBBgfGqWkuzCOiZi/n5Tqvbk8HU="></latexit>
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• Spin projector for -type baryon: 

 

 

• Two-point function 

 with  

 

Σ

(P3/2)ij = δij −
1
3

γiγj

(P1/2)ij =
1
3

γiγj

Cij(t) = ∑⃗
x

⟨𝒪i
CB(x)�̄�j

CB(0)⟩ 𝒪i
CB = (ψ̄γiψ) χ

→ C1/2
Σ (t) = Tr [(P1/2)ij Cjk(t)]
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Results: chimera baryons
Spin projection
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<latexit sha1_base64="8qoNv2OmtcAVcYfGoHTyMGhLb68="></latexit>

Ensemble � Nt ⇥N3
s hP i w0/a

QB1 7.62 48⇥ 243 0.6018898(94) 1.448(3)
QB2 7.7 60⇥ 483 0.6088000(35) 1.6070(19)
QB3 7.85 60⇥ 483 0.6203809(28) 1.944(3)
QB4 8.0 60⇥ 483 0.6307425(27) 2.3149(12)
QB5 8.2 60⇥ 483 0.6432302(25) 2.8812(21)

Quenched ensembles
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<latexit sha1_base64="E+/MlOOhlcwrKEG/h5aT2bbiRf0="></latexit>

Ensemble � am0 Nt ⇥N3
s �traj hP i w0/a amPS

DB1M5 6.9 -0.91 32⇥ 163 20 0.55951(5) 0.9671(10) 0.4823(10)
DB1M6 6.9 -0.92 32⇥ 243 28 0.56204(3) 1.0375(16) 0.3868(12)
DB1M7 6.9 -0.924 32⇥ 243 12 0.56328(4) 1.07023(54) 0.34198(85)
DB2M1 7.05 -0.835 36⇥ 203 20 0.575267(29) 1.1881(18) 0.43797(99)
DB2M2 7.05 -0.85 36⇥ 243 24 0.577371(23) 1.2949(25) 0.32938(88)
DB2M3 7.05 -0.857 36⇥ 323 20 0.578324(13) 1.3580(14) 0.27256(69)
DB2M4 7.05 -0.863 36⇥ 363 16 0.579186(18) 1.4281(19) 0.2104(16)
DB3M3 7.2 -0.76 36⇥ 163 20 0.58767(4) 1.3898(26) 0.4698(11)
DB3M4 7.2 -0.77 36⇥ 243 20 0.588461(19) 1.4341(40) 0.42212(49)
DB3M5 7.2 -0.78 36⇥ 243 12 0.589257(20) 1.4980(11) 0.36992(64)
DB3M6 7.2 -0.79 36⇥ 243 20 0.590084(18) 1.5803(14) 0.31408(70)
DB3M7 7.2 -0.794 36⇥ 283 12 0.590429(9) 1.6154(11) 0.28585(49)
DB3M8 7.2 -0.799 40⇥ 323 12 0.590869(9) 1.6606(12) 0.2511(10)
DB3M9 7.2 -0.803 42⇥ 363 12 0.591226(6) 1.7156(15) 0.22063(52)
DB4M1 7.4 -0.72 48⇥ 323 12 0.604999(7) 1.9666(23) 0.32076(47)
DB4M2 7.4 -0.73 48⇥ 323 12 0.605519(7) 2.0519(30) 0.27119(44)
DB4M3 7.4 -0.74 48⇥ 363 12 0.606058(6) 2.1847(24) 0.21375(52)
DB5M1 7.5 -0.69 48⇥ 243 12 0.611900(13) 2.1484(72) 0.32600(73)

Dynamical fundamental ensembles
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<latexit sha1_base64="J/fsIPrD8+6/WmUIYioMqzwaM50="></latexit>

Ensemble � am(as)
0 Nt ⇥N3

s �traj hP i w0/a amps

ASB1M4 6.65 -1.07 48⇥ 243 16 0.587787(17) 2.5957(79) 0.41224(74)
ASB1M5 6.65 -1.075 48⇥ 283 12 0.589623(11) 3.057(10) 0.33700(80)
ASB1M6 6.65 -1.08 48⇥ 323 12 0.591451(10) 3.595(21) 0.25391(91)
ASB2M7 6.7 -1.055 48⇥ 243 12 0.590599(15) 2.6325(92) 0.42644(73)
ASB2M8 6.7 -1.06 48⇥ 243 12 0.592152(13) 2.908(11) 0.3627(11)
ASB2M9 6.7 -1.063 54⇥ 283 20 0.593154(13) 3.413(17) 0.3156(10)
ASB2M10 6.7 -1.065 54⇥ 323 12 0.593758(9) 3.607(12) 0.2862(10)
ASB2M11 6.7 -1.067 54⇥ 323 8 0.594443(7) 3.6981(84) 0.25826(66)
ASB2M12 6.7 -1.069 54⇥ 363 12 0.595063(7) 4.316(11) 0.22111(77)
ASB3M2 6.75 -1.041 54⇥ 243 20 0.593531(15) 2.6343(82) 0.43385(83)
ASB3M3 6.75 -1.046 54⇥ 243 12 0.595008(12) 3.079(13) 0.3697(10)
ASB3M4 6.75 -1.051 54⇥ 283 8 0.596339(10) 3.586(14) 0.30785(82)
ASB3M5 6.75 -1.055 54⇥ 323 8 0.597567(8) 4.056(12) 0.25347(44)
ASB4M3 6.8 -1.03 54⇥ 243 12 0.597270(13) 2.9382(84) 0.40463(85)
ASB4M4 6.8 -1.035 56⇥ 243 8 0.598552(10) 3.343(11) 0.34478(81)
ASB4M5 6.8 -1.04 54⇥ 323 8 0.599812(8) 3.705(14) 0.29058(92)
ASB4M7 6.8 -1.046 54⇥ 363 12 0.601392(7) 4.616(13) 0.21492(56)

Dynamical antisymmetric ensembles



Projection-Parity
Results: chimera baryons

The log plot of the 
ch imera baryon 
correlators (left) 
and their effective 
mass plot (right) 
wi th the par i ty 
projection.

CCB(t) → Pe [cee−met + coe−mo(T−t)] − Po [coe−mot + cee−me(T−t)]
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Results: chimera baryons

Figure: The mass of three chimera 
baryons, , , and , as a function 
of   (left) and  (right), in the limit 
where the lattice spacing vanishes, while 

(left) and  (right). 
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Dynamical simulations
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Results: mesons

Preliminary
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