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Lecture 2
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A Composite Higgs
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What type of  Composite Higgs ?  
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<latexit sha1_base64="WYDHUarDdy+K7nVUW1asY9hsLzY=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCCxkyU0frQii6cVnBPqBTSiZN29DMwyRTKEPd+CtuXCji1r9w59+YaSuo6IHA4Zx7uLnHjzmTCqEPY25+YXFpObeSX11b39g0t7ZrMkoEoVUS8Ug0fCwpZyGtKqY4bcSC4sDntO4PLjO/PqRCsii8UaOYtgLcC1mXEay01DZ3g3YfnkNP3gqVOh7XyQ4ee0fDtllAFjpxi2cuRJaL7JKTEce1ESpC20ITFMAMlbb57nUikgQ0VIRjKZs2ilUrxUIxwuk47yWSxpgMcI82NQ1xQGUrnVwwhgda6cBuJPQLFZyo3xMpDqQcBb6eDLDqy99eJv7lNRPVLbVSFsaJoiGZLuomHKoIZnXADhOUKD7SBBPB9F8h6WOBidKl5XUJX5fC/0nNsWxk2dfHhfLFrI4c2AP74BDY4BSUwRWogCog4A48gCfwbNwbj8aL8TodnTNmmR3wA8bbJ/InlpM=</latexit><latexit sha1_base64="WYDHUarDdy+K7nVUW1asY9hsLzY=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCCxkyU0frQii6cVnBPqBTSiZN29DMwyRTKEPd+CtuXCji1r9w59+YaSuo6IHA4Zx7uLnHjzmTCqEPY25+YXFpObeSX11b39g0t7ZrMkoEoVUS8Ug0fCwpZyGtKqY4bcSC4sDntO4PLjO/PqRCsii8UaOYtgLcC1mXEay01DZ3g3YfnkNP3gqVOh7XyQ4ee0fDtllAFjpxi2cuRJaL7JKTEce1ESpC20ITFMAMlbb57nUikgQ0VIRjKZs2ilUrxUIxwuk47yWSxpgMcI82NQ1xQGUrnVwwhgda6cBuJPQLFZyo3xMpDqQcBb6eDLDqy99eJv7lNRPVLbVSFsaJoiGZLuomHKoIZnXADhOUKD7SBBPB9F8h6WOBidKl5XUJX5fC/0nNsWxk2dfHhfLFrI4c2AP74BDY4BSUwRWogCog4A48gCfwbNwbj8aL8TodnTNmmR3wA8bbJ/InlpM=</latexit><latexit sha1_base64="WYDHUarDdy+K7nVUW1asY9hsLzY=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCCxkyU0frQii6cVnBPqBTSiZN29DMwyRTKEPd+CtuXCji1r9w59+YaSuo6IHA4Zx7uLnHjzmTCqEPY25+YXFpObeSX11b39g0t7ZrMkoEoVUS8Ug0fCwpZyGtKqY4bcSC4sDntO4PLjO/PqRCsii8UaOYtgLcC1mXEay01DZ3g3YfnkNP3gqVOh7XyQ4ee0fDtllAFjpxi2cuRJaL7JKTEce1ESpC20ITFMAMlbb57nUikgQ0VIRjKZs2ilUrxUIxwuk47yWSxpgMcI82NQ1xQGUrnVwwhgda6cBuJPQLFZyo3xMpDqQcBb6eDLDqy99eJv7lNRPVLbVSFsaJoiGZLuomHKoIZnXADhOUKD7SBBPB9F8h6WOBidKl5XUJX5fC/0nNsWxk2dfHhfLFrI4c2AP74BDY4BSUwRWogCog4A48gCfwbNwbj8aL8TodnTNmmR3wA8bbJ/InlpM=</latexit><latexit sha1_base64="WYDHUarDdy+K7nVUW1asY9hsLzY=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCCxkyU0frQii6cVnBPqBTSiZN29DMwyRTKEPd+CtuXCji1r9w59+YaSuo6IHA4Zx7uLnHjzmTCqEPY25+YXFpObeSX11b39g0t7ZrMkoEoVUS8Ug0fCwpZyGtKqY4bcSC4sDntO4PLjO/PqRCsii8UaOYtgLcC1mXEay01DZ3g3YfnkNP3gqVOh7XyQ4ee0fDtllAFjpxi2cuRJaL7JKTEce1ESpC20ITFMAMlbb57nUikgQ0VIRjKZs2ilUrxUIxwuk47yWSxpgMcI82NQ1xQGUrnVwwhgda6cBuJPQLFZyo3xMpDqQcBb6eDLDqy99eJv7lNRPVLbVSFsaJoiGZLuomHKoIZnXADhOUKD7SBBPB9F8h6WOBidKl5XUJX5fC/0nNsWxk2dfHhfLFrI4c2AP74BDY4BSUwRWogCog4A48gCfwbNwbj8aL8TodnTNmmR3wA8bbJ/InlpM=</latexit>

v ! 246GeV
<latexit sha1_base64="JNAAOU55DQrYMJvjU2kw1ieAmJ8=">AAAB/3icdVBNSwMxEM36bf2qCl68BIvgaclWW+ut6EGPCrYVuqVk06mGJrtrki2UtQf/ihcPinj1b3jz35htK6jog4HHezPMzAtiwbUh5MOZmp6ZnZtfWMwtLa+sruXXN+o6ShSDGotEpK4CqkHwEGqGGwFXsQIqAwGNoHeS+Y0+KM2j8NIMYmhJeh3yLmfUWKmd3+pjX3MJt7h4UMapryQ+hfqwnS8Ql5RL+0clTNwS8SrFjBRLHiH72HPJCAU0wXk7/+53IpZICA0TVOumR2LTSqkynAkY5vxEQ0xZj15D09KQStCtdHT/EO9apYO7kbIVGjxSv0+kVGo9kIHtlNTc6N9eJv7lNRPTrbRSHsaJgZCNF3UTgU2EszBwhytgRgwsoUxxeytmN1RRZmxkORvC16f4f1Ivuh5xvYuDQvV4EscC2kY7aA956BBV0Rk6RzXE0B16QE/o2bl3Hp0X53XcOuVMZjbRDzhvn1WOlQU=</latexit><latexit sha1_base64="JNAAOU55DQrYMJvjU2kw1ieAmJ8=">AAAB/3icdVBNSwMxEM36bf2qCl68BIvgaclWW+ut6EGPCrYVuqVk06mGJrtrki2UtQf/ihcPinj1b3jz35htK6jog4HHezPMzAtiwbUh5MOZmp6ZnZtfWMwtLa+sruXXN+o6ShSDGotEpK4CqkHwEGqGGwFXsQIqAwGNoHeS+Y0+KM2j8NIMYmhJeh3yLmfUWKmd3+pjX3MJt7h4UMapryQ+hfqwnS8Ql5RL+0clTNwS8SrFjBRLHiH72HPJCAU0wXk7/+53IpZICA0TVOumR2LTSqkynAkY5vxEQ0xZj15D09KQStCtdHT/EO9apYO7kbIVGjxSv0+kVGo9kIHtlNTc6N9eJv7lNRPTrbRSHsaJgZCNF3UTgU2EszBwhytgRgwsoUxxeytmN1RRZmxkORvC16f4f1Ivuh5xvYuDQvV4EscC2kY7aA956BBV0Rk6RzXE0B16QE/o2bl3Hp0X53XcOuVMZjbRDzhvn1WOlQU=</latexit><latexit sha1_base64="JNAAOU55DQrYMJvjU2kw1ieAmJ8=">AAAB/3icdVBNSwMxEM36bf2qCl68BIvgaclWW+ut6EGPCrYVuqVk06mGJrtrki2UtQf/ihcPinj1b3jz35htK6jog4HHezPMzAtiwbUh5MOZmp6ZnZtfWMwtLa+sruXXN+o6ShSDGotEpK4CqkHwEGqGGwFXsQIqAwGNoHeS+Y0+KM2j8NIMYmhJeh3yLmfUWKmd3+pjX3MJt7h4UMapryQ+hfqwnS8Ql5RL+0clTNwS8SrFjBRLHiH72HPJCAU0wXk7/+53IpZICA0TVOumR2LTSqkynAkY5vxEQ0xZj15D09KQStCtdHT/EO9apYO7kbIVGjxSv0+kVGo9kIHtlNTc6N9eJv7lNRPTrbRSHsaJgZCNF3UTgU2EszBwhytgRgwsoUxxeytmN1RRZmxkORvC16f4f1Ivuh5xvYuDQvV4EscC2kY7aA956BBV0Rk6RzXE0B16QE/o2bl3Hp0X53XcOuVMZjbRDzhvn1WOlQU=</latexit><latexit sha1_base64="JNAAOU55DQrYMJvjU2kw1ieAmJ8=">AAAB/3icdVBNSwMxEM36bf2qCl68BIvgaclWW+ut6EGPCrYVuqVk06mGJrtrki2UtQf/ihcPinj1b3jz35htK6jog4HHezPMzAtiwbUh5MOZmp6ZnZtfWMwtLa+sruXXN+o6ShSDGotEpK4CqkHwEGqGGwFXsQIqAwGNoHeS+Y0+KM2j8NIMYmhJeh3yLmfUWKmd3+pjX3MJt7h4UMapryQ+hfqwnS8Ql5RL+0clTNwS8SrFjBRLHiH72HPJCAU0wXk7/+53IpZICA0TVOumR2LTSqkynAkY5vxEQ0xZj15D09KQStCtdHT/EO9apYO7kbIVGjxSv0+kVGo9kIHtlNTc6N9eJv7lNRPTrbRSHsaJgZCNF3UTgU2EszBwhytgRgwsoUxxeytmN1RRZmxkORvC16f4f1Ivuh5xvYuDQvV4EscC2kY7aA956BBV0Rk6RzXE0B16QE/o2bl3Hp0X53XcOuVMZjbRDzhvn1WOlQU=</latexit>

 is the electroweak scale

 is the SM cuto!  = compositness scale!
<latexit sha1_base64="h7+vxldOz/9CVd51+D+Y4DLEo4Y=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZn6qruiGxcuKtgHtEPJZDJtaOZBkhHK0I9w40IRt36PO//GdDqCih4IHM45l9x7vERwpTH+sBYWl5ZXVktr5fWNza3tys5uW8WppKxFYxHLrkcUEzxiLc21YN1EMhJ6gnW88dXM79wzqXgc3elJwtyQDCMecEq0kTr9GxP1yaBSxfYpdi7OjhG2cY6c1J1aHTmFUoUCzUHlve/HNA1ZpKkgSvUcnGg3I1JzKti03E8VSwgdkyHrGRqRkCk3y9edokOj+CiIpXmRRrn6fSIjoVKT0DPJkOiR+u3NxL+8XqqDupvxKEk1i+j8oyAVSMdodjvyuWRUi4khhEpudkV0RCSh2jRUNiV8XYr+J+2a7WDbuT2pNi6LOkqwDwdwBA6cQwOuoQktoDCGB3iCZyuxHq0X63UeXbCKmT34AevtE0nyj4g=</latexit><latexit sha1_base64="h7+vxldOz/9CVd51+D+Y4DLEo4Y=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZn6qruiGxcuKtgHtEPJZDJtaOZBkhHK0I9w40IRt36PO//GdDqCih4IHM45l9x7vERwpTH+sBYWl5ZXVktr5fWNza3tys5uW8WppKxFYxHLrkcUEzxiLc21YN1EMhJ6gnW88dXM79wzqXgc3elJwtyQDCMecEq0kTr9GxP1yaBSxfYpdi7OjhG2cY6c1J1aHTmFUoUCzUHlve/HNA1ZpKkgSvUcnGg3I1JzKti03E8VSwgdkyHrGRqRkCk3y9edokOj+CiIpXmRRrn6fSIjoVKT0DPJkOiR+u3NxL+8XqqDupvxKEk1i+j8oyAVSMdodjvyuWRUi4khhEpudkV0RCSh2jRUNiV8XYr+J+2a7WDbuT2pNi6LOkqwDwdwBA6cQwOuoQktoDCGB3iCZyuxHq0X63UeXbCKmT34AevtE0nyj4g=</latexit><latexit sha1_base64="h7+vxldOz/9CVd51+D+Y4DLEo4Y=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZn6qruiGxcuKtgHtEPJZDJtaOZBkhHK0I9w40IRt36PO//GdDqCih4IHM45l9x7vERwpTH+sBYWl5ZXVktr5fWNza3tys5uW8WppKxFYxHLrkcUEzxiLc21YN1EMhJ6gnW88dXM79wzqXgc3elJwtyQDCMecEq0kTr9GxP1yaBSxfYpdi7OjhG2cY6c1J1aHTmFUoUCzUHlve/HNA1ZpKkgSvUcnGg3I1JzKti03E8VSwgdkyHrGRqRkCk3y9edokOj+CiIpXmRRrn6fSIjoVKT0DPJkOiR+u3NxL+8XqqDupvxKEk1i+j8oyAVSMdodjvyuWRUi4khhEpudkV0RCSh2jRUNiV8XYr+J+2a7WDbuT2pNi6LOkqwDwdwBA6cQwOuoQktoDCGB3iCZyuxHq0X63UeXbCKmT34AevtE0nyj4g=</latexit><latexit sha1_base64="h7+vxldOz/9CVd51+D+Y4DLEo4Y=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZn6qruiGxcuKtgHtEPJZDJtaOZBkhHK0I9w40IRt36PO//GdDqCih4IHM45l9x7vERwpTH+sBYWl5ZXVktr5fWNza3tys5uW8WppKxFYxHLrkcUEzxiLc21YN1EMhJ6gnW88dXM79wzqXgc3elJwtyQDCMecEq0kTr9GxP1yaBSxfYpdi7OjhG2cY6c1J1aHTmFUoUCzUHlve/HNA1ZpKkgSvUcnGg3I1JzKti03E8VSwgdkyHrGRqRkCk3y9edokOj+CiIpXmRRrn6fSIjoVKT0DPJkOiR+u3NxL+8XqqDupvxKEk1i+j8oyAVSMdodjvyuWRUi4khhEpudkV0RCSh2jRUNiV8XYr+J+2a7WDbuT2pNi6LOkqwDwdwBA6cQwOuoQktoDCGB3iCZyuxHq0X63UeXbCKmT34AevtE0nyj4g=</latexit>

How do we keep 
mh

!
! 1

<latexit sha1_base64="AzpbHJcD/VpzAYL2k+q3OvONp7U=">AAACAnicdVBLSwMxGMzWV62vVU/iJVgET0u2WG1vRS8ePFSwrdBdlmw224ZmHyRZoSyLF/+KFw+KePVXePPfmD4EFR0IGWa+IfnGTzmTCqEPo7SwuLS8Ul6trK1vbG6Z2ztdmWSC0A5JeCJufCwpZzHtKKY4vUkFxZHPac8fnU/83i0VkiXxtRqn1I3wIGYhI1hpyTP3nFBgkkfesMidS50LcAEdzqHtmVVkoVqjjpoQWTV91eqa1JHdPGlC20JTVMEcbc98d4KEZBGNFeFYyr6NUuXmWChGOC0qTiZpiskID2hf0xhHVLr5dIUCHmolgGEi9IkVnKrfEzmOpBxHvp6MsBrK395E/MvrZypsuDmL00zRmMweCjMOVQInfcCACUoUH2uCiWD6r5AMse5E6dYquoSvTeH/pFuzbGTZV8fV1tm8jjLYBwfgCNjgFLTABWiDDiDgDjyAJ/Bs3BuPxovxOhstGfPMLvgB4+0TO3WXUA==</latexit><latexit sha1_base64="AzpbHJcD/VpzAYL2k+q3OvONp7U=">AAACAnicdVBLSwMxGMzWV62vVU/iJVgET0u2WG1vRS8ePFSwrdBdlmw224ZmHyRZoSyLF/+KFw+KePVXePPfmD4EFR0IGWa+IfnGTzmTCqEPo7SwuLS8Ul6trK1vbG6Z2ztdmWSC0A5JeCJufCwpZzHtKKY4vUkFxZHPac8fnU/83i0VkiXxtRqn1I3wIGYhI1hpyTP3nFBgkkfesMidS50LcAEdzqHtmVVkoVqjjpoQWTV91eqa1JHdPGlC20JTVMEcbc98d4KEZBGNFeFYyr6NUuXmWChGOC0qTiZpiskID2hf0xhHVLr5dIUCHmolgGEi9IkVnKrfEzmOpBxHvp6MsBrK395E/MvrZypsuDmL00zRmMweCjMOVQInfcCACUoUH2uCiWD6r5AMse5E6dYquoSvTeH/pFuzbGTZV8fV1tm8jjLYBwfgCNjgFLTABWiDDiDgDjyAJ/Bs3BuPxovxOhstGfPMLvgB4+0TO3WXUA==</latexit><latexit sha1_base64="AzpbHJcD/VpzAYL2k+q3OvONp7U=">AAACAnicdVBLSwMxGMzWV62vVU/iJVgET0u2WG1vRS8ePFSwrdBdlmw224ZmHyRZoSyLF/+KFw+KePVXePPfmD4EFR0IGWa+IfnGTzmTCqEPo7SwuLS8Ul6trK1vbG6Z2ztdmWSC0A5JeCJufCwpZzHtKKY4vUkFxZHPac8fnU/83i0VkiXxtRqn1I3wIGYhI1hpyTP3nFBgkkfesMidS50LcAEdzqHtmVVkoVqjjpoQWTV91eqa1JHdPGlC20JTVMEcbc98d4KEZBGNFeFYyr6NUuXmWChGOC0qTiZpiskID2hf0xhHVLr5dIUCHmolgGEi9IkVnKrfEzmOpBxHvp6MsBrK395E/MvrZypsuDmL00zRmMweCjMOVQInfcCACUoUH2uCiWD6r5AMse5E6dYquoSvTeH/pFuzbGTZV8fV1tm8jjLYBwfgCNjgFLTABWiDDiDgDjyAJ/Bs3BuPxovxOhstGfPMLvgB4+0TO3WXUA==</latexit><latexit sha1_base64="AzpbHJcD/VpzAYL2k+q3OvONp7U=">AAACAnicdVBLSwMxGMzWV62vVU/iJVgET0u2WG1vRS8ePFSwrdBdlmw224ZmHyRZoSyLF/+KFw+KePVXePPfmD4EFR0IGWa+IfnGTzmTCqEPo7SwuLS8Ul6trK1vbG6Z2ztdmWSC0A5JeCJufCwpZzHtKKY4vUkFxZHPac8fnU/83i0VkiXxtRqn1I3wIGYhI1hpyTP3nFBgkkfesMidS50LcAEdzqHtmVVkoVqjjpoQWTV91eqa1JHdPGlC20JTVMEcbc98d4KEZBGNFeFYyr6NUuXmWChGOC0qTiZpiskID2hf0xhHVLr5dIUCHmolgGEi9IkVnKrfEzmOpBxHvp6MsBrK395E/MvrZypsuDmL00zRmMweCjMOVQInfcCACUoUH2uCiWD6r5AMse5E6dYquoSvTeH/pFuzbGTZV8fV1tm8jjLYBwfgCNjgFLTABWiDDiDgDjyAJ/Bs3BuPxovxOhstGfPMLvgB4+0TO3WXUA==</latexit>

mcomposite ' ⇤
<latexit sha1_base64="dpk2HJ3kD0slgFevqI/V0kx1QSE=">AAACCXicdVDLSgMxFM34rPVVdekmWARXQ6ZYbXdFNy5cKNgHdErJpLc1mEzGJCOUoVs3/oobF4q49Q/c+TemtYKKHgg5nHPvTe6JEsGNJeTdm5mdm19YzC3ll1dW19YLG5sNo1LNoM6UULoVUQOCx1C33ApoJRqojAQ0o6vjsd+8AW24ii/sMIGOpIOY9zmj1kndApbdLNQSMyUTZbiFEQ4Nl3CNw1M3pUe7hSLxSalSJlVM/JK7SmVHyiSoHlRx4JMJimiKs27hLewplkqILRPUmHZAEtvJqLacCRjlw9RAQtkVHUDb0ZhKMJ1ssskI7zqlh/tKuxNbPFG/d2RUGjOUkauU1F6a395Y/Mtrp7Zf6WQ8TlILMft8qJ8KbBUex4J7XAOzYugIZZq7v2J2STVl1oWXdyF8bYr/J42SHxA/ON8v1o6mceTQNtpBeyhAh6iGTtAZqiOGbtE9ekRP3p334D17L5+lM960Zwv9gPf6AfhfmoI=</latexit><latexit sha1_base64="dpk2HJ3kD0slgFevqI/V0kx1QSE=">AAACCXicdVDLSgMxFM34rPVVdekmWARXQ6ZYbXdFNy5cKNgHdErJpLc1mEzGJCOUoVs3/oobF4q49Q/c+TemtYKKHgg5nHPvTe6JEsGNJeTdm5mdm19YzC3ll1dW19YLG5sNo1LNoM6UULoVUQOCx1C33ApoJRqojAQ0o6vjsd+8AW24ii/sMIGOpIOY9zmj1kndApbdLNQSMyUTZbiFEQ4Nl3CNw1M3pUe7hSLxSalSJlVM/JK7SmVHyiSoHlRx4JMJimiKs27hLewplkqILRPUmHZAEtvJqLacCRjlw9RAQtkVHUDb0ZhKMJ1ssskI7zqlh/tKuxNbPFG/d2RUGjOUkauU1F6a395Y/Mtrp7Zf6WQ8TlILMft8qJ8KbBUex4J7XAOzYugIZZq7v2J2STVl1oWXdyF8bYr/J42SHxA/ON8v1o6mceTQNtpBeyhAh6iGTtAZqiOGbtE9ekRP3p334D17L5+lM960Zwv9gPf6AfhfmoI=</latexit><latexit sha1_base64="dpk2HJ3kD0slgFevqI/V0kx1QSE=">AAACCXicdVDLSgMxFM34rPVVdekmWARXQ6ZYbXdFNy5cKNgHdErJpLc1mEzGJCOUoVs3/oobF4q49Q/c+TemtYKKHgg5nHPvTe6JEsGNJeTdm5mdm19YzC3ll1dW19YLG5sNo1LNoM6UULoVUQOCx1C33ApoJRqojAQ0o6vjsd+8AW24ii/sMIGOpIOY9zmj1kndApbdLNQSMyUTZbiFEQ4Nl3CNw1M3pUe7hSLxSalSJlVM/JK7SmVHyiSoHlRx4JMJimiKs27hLewplkqILRPUmHZAEtvJqLacCRjlw9RAQtkVHUDb0ZhKMJ1ssskI7zqlh/tKuxNbPFG/d2RUGjOUkauU1F6a395Y/Mtrp7Zf6WQ8TlILMft8qJ8KbBUex4J7XAOzYugIZZq7v2J2STVl1oWXdyF8bYr/J42SHxA/ON8v1o6mceTQNtpBeyhAh6iGTtAZqiOGbtE9ekRP3p334D17L5+lM960Zwv9gPf6AfhfmoI=</latexit><latexit sha1_base64="dpk2HJ3kD0slgFevqI/V0kx1QSE=">AAACCXicdVDLSgMxFM34rPVVdekmWARXQ6ZYbXdFNy5cKNgHdErJpLc1mEzGJCOUoVs3/oobF4q49Q/c+TemtYKKHgg5nHPvTe6JEsGNJeTdm5mdm19YzC3ll1dW19YLG5sNo1LNoM6UULoVUQOCx1C33ApoJRqojAQ0o6vjsd+8AW24ii/sMIGOpIOY9zmj1kndApbdLNQSMyUTZbiFEQ4Nl3CNw1M3pUe7hSLxSalSJlVM/JK7SmVHyiSoHlRx4JMJimiKs27hLewplkqILRPUmHZAEtvJqLacCRjlw9RAQtkVHUDb0ZhKMJ1ssskI7zqlh/tKuxNbPFG/d2RUGjOUkauU1F6a395Y/Mtrp7Zf6WQ8TlILMft8qJ8KbBUex4J7XAOzYugIZZq7v2J2STVl1oWXdyF8bYr/J42SHxA/ON8v1o6mceTQNtpBeyhAh6iGTtAZqiOGbtE9ekRP3p334D17L5+lM960Zwv9gPf6AfhfmoI=</latexit>

But in general 
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The Example of Low Energy QCD 

QCD couplings becomes large in the IR

This leads to 

1.ConÞnement

2. Spontaneous Chiral Symmetry Breaking
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Chiral Symmetry of QCD

L QCD = øQ(iD/ ! M )Q !
1
4

Ga
µ! Gaµ !

<latexit sha1_base64="7rAc5JhiX2ilVmbeZkjrs1sX6Ho="></latexit><latexit sha1_base64="7rAc5JhiX2ilVmbeZkjrs1sX6Ho="></latexit><latexit sha1_base64="7rAc5JhiX2ilVmbeZkjrs1sX6Ho="></latexit><latexit sha1_base64="7rAc5JhiX2ilVmbeZkjrs1sX6Ho="></latexit>

Q =
✓

u
d

◆

<latexit sha1_base64="bGJJRrxFBswgrUMglz4SetpWtpw="></latexit><latexit sha1_base64="bGJJRrxFBswgrUMglz4SetpWtpw="></latexit><latexit sha1_base64="bGJJRrxFBswgrUMglz4SetpWtpw="></latexit><latexit sha1_base64="bGJJRrxFBswgrUMglz4SetpWtpw="></latexit>

M =
!

mu 0
0 md

"

<latexit sha1_base64="3xkeU3AbR/aS6C/7NlUVPWvuZg4="></latexit><latexit sha1_base64="3xkeU3AbR/aS6C/7NlUVPWvuZg4="></latexit><latexit sha1_base64="3xkeU3AbR/aS6C/7NlUVPWvuZg4="></latexit><latexit sha1_base64="3xkeU3AbR/aS6C/7NlUVPWvuZg4="></latexit>

L QCD = øQL iD/Q L + øQR iD/Q R !
! øQL MQ R + h .c.

"
!

1
4

Ga
µ ! Gaµ !

<latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit><latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit><latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="V3KMIH8wgQH9vA4KoorxHVjxaek="></latexit><latexit sha1_base64="UyA79C6Nnin0H6nyV3TfxhZVgmM="></latexit><latexit sha1_base64="fYj3ArrstRpEPo76BeO1B0USkUU="></latexit><latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit><latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit><latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit><latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit><latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit><latexit sha1_base64="hsK1pJAzttVbc0CS9OhMAen0lDk="></latexit>

)
<latexit sha1_base64="/jQPn/IUKP/5c/XSp6LxsVwOe3k=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2aw2u6KblxWsQ+YlpJJ0zY0MxmSO0oZ+hluXCji1q9x59+YPgQVPRByOOde7r0nTKQwQMiHs7S8srq2ntvIb25t7+wW9vYbRqWa8TpTUulWSA2XIuZ1ECB5K9GcRqHkzXB0OfWbd1wboeJbGCe8E9FBLPqCUbBS0L4RgyFQrdV9t1AkLvHLJVLBxPXt55csKRGvclbBnktmKKIFat3Ce7unWBrxGJikxgQeSaCTUQ2CST7Jt1PDE8pGdMADS2MacdPJZitP8LFVerivtH0x4Jn6vSOjkTHjKLSVEYWh+e1Nxb+8IIV+uZOJOEmBx2w+qJ9KDApP78c9oTkDObaEMi3srpgNqaYMbEp5G8LXpfh/0vBdj7je9WmxerGII4cO0RE6QR46R1V0hWqojhhS6AE9oWcHnEfnxXmdly45i54D9APO2ycANJG6</latexit><latexit sha1_base64="/jQPn/IUKP/5c/XSp6LxsVwOe3k=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2aw2u6KblxWsQ+YlpJJ0zY0MxmSO0oZ+hluXCji1q9x59+YPgQVPRByOOde7r0nTKQwQMiHs7S8srq2ntvIb25t7+wW9vYbRqWa8TpTUulWSA2XIuZ1ECB5K9GcRqHkzXB0OfWbd1wboeJbGCe8E9FBLPqCUbBS0L4RgyFQrdV9t1AkLvHLJVLBxPXt55csKRGvclbBnktmKKIFat3Ce7unWBrxGJikxgQeSaCTUQ2CST7Jt1PDE8pGdMADS2MacdPJZitP8LFVerivtH0x4Jn6vSOjkTHjKLSVEYWh+e1Nxb+8IIV+uZOJOEmBx2w+qJ9KDApP78c9oTkDObaEMi3srpgNqaYMbEp5G8LXpfh/0vBdj7je9WmxerGII4cO0RE6QR46R1V0hWqojhhS6AE9oWcHnEfnxXmdly45i54D9APO2ycANJG6</latexit><latexit sha1_base64="/jQPn/IUKP/5c/XSp6LxsVwOe3k=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2aw2u6KblxWsQ+YlpJJ0zY0MxmSO0oZ+hluXCji1q9x59+YPgQVPRByOOde7r0nTKQwQMiHs7S8srq2ntvIb25t7+wW9vYbRqWa8TpTUulWSA2XIuZ1ECB5K9GcRqHkzXB0OfWbd1wboeJbGCe8E9FBLPqCUbBS0L4RgyFQrdV9t1AkLvHLJVLBxPXt55csKRGvclbBnktmKKIFat3Ce7unWBrxGJikxgQeSaCTUQ2CST7Jt1PDE8pGdMADS2MacdPJZitP8LFVerivtH0x4Jn6vSOjkTHjKLSVEYWh+e1Nxb+8IIV+uZOJOEmBx2w+qJ9KDApP78c9oTkDObaEMi3srpgNqaYMbEp5G8LXpfh/0vBdj7je9WmxerGII4cO0RE6QR46R1V0hWqojhhS6AE9oWcHnEfnxXmdly45i54D9APO2ycANJG6</latexit><latexit sha1_base64="/jQPn/IUKP/5c/XSp6LxsVwOe3k=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2aw2u6KblxWsQ+YlpJJ0zY0MxmSO0oZ+hluXCji1q9x59+YPgQVPRByOOde7r0nTKQwQMiHs7S8srq2ntvIb25t7+wW9vYbRqWa8TpTUulWSA2XIuZ1ECB5K9GcRqHkzXB0OfWbd1wboeJbGCe8E9FBLPqCUbBS0L4RgyFQrdV9t1AkLvHLJVLBxPXt55csKRGvclbBnktmKKIFat3Ce7unWBrxGJikxgQeSaCTUQ2CST7Jt1PDE8pGdMADS2MacdPJZitP8LFVerivtH0x4Jn6vSOjkTHjKLSVEYWh+e1Nxb+8IIV+uZOJOEmBx2w+qJ9KDApP78c9oTkDObaEMi3srpgNqaYMbEp5G8LXpfh/0vBdj7je9WmxerGII4cO0RE6QR46R1V0hWqojhhS6AE9oWcHnEfnxXmdly45i54D9APO2ycANJG6</latexit>

mu md ! 0
<latexit sha1_base64="i3glNr3IGOAZjxVLzrU9YK4row8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4kCFTrLa7ohuXFewDOuOQyWTa0GRmSDJKGfofblwo4tZ/ceffmD4EFT0QcjjnXu69J0g5UxqhD6uwtLyyulZcL21sbm3vlHf3OirJJKFtkvBE9gKsKGcxbWumOe2lkmIRcNoNRpdTv3tHpWJJfKPHKfUEHsQsYgRrI90KP3NPhB9CVycQ+eUKslG1XkMNiOyq+ao1Q2rIaZw1oGOjGSpggZZffnfDhGSCxppwrFTfQan2ciw1I5xOSm6maIrJCA9o39AYC6q8fLb1BB4ZJYRRIs2LNZyp3ztyLJQai8BUCqyH6rc3Ff/y+pmO6l7O4jTTNCbzQVHGoTlxGgEMmaRE87EhmEhmdoVkiCUm2gRVMiF8XQr/J52q7SDbuT6tNC8WcRTBATgEx8AB56AJrkALtAEBEjyAJ/Bs3VuP1ov1Oi8tWIueffAD1tsnr6WR+w==</latexit><latexit sha1_base64="i3glNr3IGOAZjxVLzrU9YK4row8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4kCFTrLa7ohuXFewDOuOQyWTa0GRmSDJKGfofblwo4tZ/ceffmD4EFT0QcjjnXu69J0g5UxqhD6uwtLyyulZcL21sbm3vlHf3OirJJKFtkvBE9gKsKGcxbWumOe2lkmIRcNoNRpdTv3tHpWJJfKPHKfUEHsQsYgRrI90KP3NPhB9CVycQ+eUKslG1XkMNiOyq+ao1Q2rIaZw1oGOjGSpggZZffnfDhGSCxppwrFTfQan2ciw1I5xOSm6maIrJCA9o39AYC6q8fLb1BB4ZJYRRIs2LNZyp3ztyLJQai8BUCqyH6rc3Ff/y+pmO6l7O4jTTNCbzQVHGoTlxGgEMmaRE87EhmEhmdoVkiCUm2gRVMiF8XQr/J52q7SDbuT6tNC8WcRTBATgEx8AB56AJrkALtAEBEjyAJ/Bs3VuP1ov1Oi8tWIueffAD1tsnr6WR+w==</latexit><latexit sha1_base64="i3glNr3IGOAZjxVLzrU9YK4row8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4kCFTrLa7ohuXFewDOuOQyWTa0GRmSDJKGfofblwo4tZ/ceffmD4EFT0QcjjnXu69J0g5UxqhD6uwtLyyulZcL21sbm3vlHf3OirJJKFtkvBE9gKsKGcxbWumOe2lkmIRcNoNRpdTv3tHpWJJfKPHKfUEHsQsYgRrI90KP3NPhB9CVycQ+eUKslG1XkMNiOyq+ao1Q2rIaZw1oGOjGSpggZZffnfDhGSCxppwrFTfQan2ciw1I5xOSm6maIrJCA9o39AYC6q8fLb1BB4ZJYRRIs2LNZyp3ztyLJQai8BUCqyH6rc3Ff/y+pmO6l7O4jTTNCbzQVHGoTlxGgEMmaRE87EhmEhmdoVkiCUm2gRVMiF8XQr/J52q7SDbuT6tNC8WcRTBATgEx8AB56AJrkALtAEBEjyAJ/Bs3VuP1ov1Oi8tWIueffAD1tsnr6WR+w==</latexit><latexit sha1_base64="i3glNr3IGOAZjxVLzrU9YK4row8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4kCFTrLa7ohuXFewDOuOQyWTa0GRmSDJKGfofblwo4tZ/ceffmD4EFT0QcjjnXu69J0g5UxqhD6uwtLyyulZcL21sbm3vlHf3OirJJKFtkvBE9gKsKGcxbWumOe2lkmIRcNoNRpdTv3tHpWJJfKPHKfUEHsQsYgRrI90KP3NPhB9CVycQ+eUKslG1XkMNiOyq+ao1Q2rIaZw1oGOjGSpggZZffnfDhGSCxppwrFTfQan2ciw1I5xOSm6maIrJCA9o39AYC6q8fLb1BB4ZJYRRIs2LNZyp3ztyLJQai8BUCqyH6rc3Ff/y+pmO6l7O4jTTNCbzQVHGoTlxGgEMmaRE87EhmEhmdoVkiCUm2gRVMiF8XQr/J52q7SDbuT6tNC8WcRTBATgEx8AB56AJrkALtAEBEjyAJ/Bs3VuP1ov1Oi8tWIueffAD1tsnr6WR+w==</latexit>

In the massless quark limit LQCD
<latexit sha1_base64="y9oMcpiwk7KWGPAoMjlqNQhk9Pc=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxgtd0V68KFixbsAzrDkEkzbWjmQZIRhqH+ihsXirj1Q9z5N6YPQUUPXO7hnHvJzfETzqRC6MNYWV1b39gsbBW3d3b39ksHh10Zp4LQDol5LPo+lpSziHYUU5z2E0Fx6HPa8yfNmd+7o0KyOLpVWULdEI8iFjCClZa8Ujl3CObwZurljghhu3k1hV6pgkxk16qoDpFp62ZXNakiq35eh5aJ5qiAJVpe6d0ZxiQNaaQIx1IOLJQoN8dCMcLptOikkiaYTPCIDjSNcEilm8+Pn8ITrQxhEAtdkYJz9ftGjkMps9DXkyFWY/nbm4l/eYNUBTU3Z1GSKhqRxUNByqGK4SwJOGSCEsUzTTARTN8KyRgLTJTOq6hD+Pop/J90bdNCptU+qzQul3EUwBE4BqfAAhegAa5BC3QAARl4AE/g2bg3Ho0X43UxumIsd8rgB4y3T/JYlFA=</latexit><latexit sha1_base64="y9oMcpiwk7KWGPAoMjlqNQhk9Pc=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxgtd0V68KFixbsAzrDkEkzbWjmQZIRhqH+ihsXirj1Q9z5N6YPQUUPXO7hnHvJzfETzqRC6MNYWV1b39gsbBW3d3b39ksHh10Zp4LQDol5LPo+lpSziHYUU5z2E0Fx6HPa8yfNmd+7o0KyOLpVWULdEI8iFjCClZa8Ujl3CObwZurljghhu3k1hV6pgkxk16qoDpFp62ZXNakiq35eh5aJ5qiAJVpe6d0ZxiQNaaQIx1IOLJQoN8dCMcLptOikkiaYTPCIDjSNcEilm8+Pn8ITrQxhEAtdkYJz9ftGjkMps9DXkyFWY/nbm4l/eYNUBTU3Z1GSKhqRxUNByqGK4SwJOGSCEsUzTTARTN8KyRgLTJTOq6hD+Pop/J90bdNCptU+qzQul3EUwBE4BqfAAhegAa5BC3QAARl4AE/g2bg3Ho0X43UxumIsd8rgB4y3T/JYlFA=</latexit><latexit sha1_base64="y9oMcpiwk7KWGPAoMjlqNQhk9Pc=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxgtd0V68KFixbsAzrDkEkzbWjmQZIRhqH+ihsXirj1Q9z5N6YPQUUPXO7hnHvJzfETzqRC6MNYWV1b39gsbBW3d3b39ksHh10Zp4LQDol5LPo+lpSziHYUU5z2E0Fx6HPa8yfNmd+7o0KyOLpVWULdEI8iFjCClZa8Ujl3CObwZurljghhu3k1hV6pgkxk16qoDpFp62ZXNakiq35eh5aJ5qiAJVpe6d0ZxiQNaaQIx1IOLJQoN8dCMcLptOikkiaYTPCIDjSNcEilm8+Pn8ITrQxhEAtdkYJz9ftGjkMps9DXkyFWY/nbm4l/eYNUBTU3Z1GSKhqRxUNByqGK4SwJOGSCEsUzTTARTN8KyRgLTJTOq6hD+Pop/J90bdNCptU+qzQul3EUwBE4BqfAAhegAa5BC3QAARl4AE/g2bg3Ho0X43UxumIsd8rgB4y3T/JYlFA=</latexit><latexit sha1_base64="y9oMcpiwk7KWGPAoMjlqNQhk9Pc=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxgtd0V68KFixbsAzrDkEkzbWjmQZIRhqH+ihsXirj1Q9z5N6YPQUUPXO7hnHvJzfETzqRC6MNYWV1b39gsbBW3d3b39ksHh10Zp4LQDol5LPo+lpSziHYUU5z2E0Fx6HPa8yfNmd+7o0KyOLpVWULdEI8iFjCClZa8Ujl3CObwZurljghhu3k1hV6pgkxk16qoDpFp62ZXNakiq35eh5aJ5qiAJVpe6d0ZxiQNaaQIx1IOLJQoN8dCMcLptOikkiaYTPCIDjSNcEilm8+Pn8ITrQxhEAtdkYJz9ftGjkMps9DXkyFWY/nbm4l/eYNUBTU3Z1GSKhqRxUNByqGK4SwJOGSCEsUzTTARTN8KyRgLTJTOq6hD+Pop/J90bdNCptU+qzQul3EUwBE4BqfAAhegAa5BC3QAARl4AE/g2bg3Ho0X43UxumIsd8rgB4y3T/JYlFA=</latexit>

 is invariant under the global symmetry

QL ! ei↵
a
Lta ei�L QL

<latexit sha1_base64="vPArczQYI00Sg5IBqeVTumm7aoU="></latexit><latexit sha1_base64="vPArczQYI00Sg5IBqeVTumm7aoU="></latexit><latexit sha1_base64="vPArczQYI00Sg5IBqeVTumm7aoU="></latexit><latexit sha1_base64="vPArczQYI00Sg5IBqeVTumm7aoU="></latexit>

QR ! ei ! a
R t a

ei " R QR
<latexit sha1_base64="NyFuGOt/2La+VjM5ZvcjWwPoJoc="></latexit><latexit sha1_base64="NyFuGOt/2La+VjM5ZvcjWwPoJoc="></latexit><latexit sha1_base64="NyFuGOt/2La+VjM5ZvcjWwPoJoc="></latexit><latexit sha1_base64="NyFuGOt/2La+VjM5ZvcjWwPoJoc="></latexit>

a = 1 , 2, 3
<latexit sha1_base64="Jc+IhYh6Qmi4m5B3pTbYtyQD218=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgIYTdKOhFCHrxGME8IFnC7GQ2GTI7u8z0CiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0nro2I1SOOE+5HdKBEKBhFK7XojVeuli96xZJbcecgq8TLSAky1HvFr24/ZmnEFTJJjel4boL+hGoUTPJpoZsanlA2ogPesVTRiBt/Mj93Ss6s0idhrG0pJHP198SERsaMo8B2RhSHZtmbif95nRTDa38iVJIiV2yxKEwlwZjMfid9oTlDObaEMi3srYQNqaYMbUIFG4K3/PIqaVYrnlvxHi5LtdssjjycwCmcgwdXUIN7qEMDGIzgGV7hzUmcF+fd+Vi05pxs5hj+wPn8AWt7jkw=</latexit><latexit sha1_base64="Jc+IhYh6Qmi4m5B3pTbYtyQD218=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgIYTdKOhFCHrxGME8IFnC7GQ2GTI7u8z0CiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0nro2I1SOOE+5HdKBEKBhFK7XojVeuli96xZJbcecgq8TLSAky1HvFr24/ZmnEFTJJjel4boL+hGoUTPJpoZsanlA2ogPesVTRiBt/Mj93Ss6s0idhrG0pJHP198SERsaMo8B2RhSHZtmbif95nRTDa38iVJIiV2yxKEwlwZjMfid9oTlDObaEMi3srYQNqaYMbUIFG4K3/PIqaVYrnlvxHi5LtdssjjycwCmcgwdXUIN7qEMDGIzgGV7hzUmcF+fd+Vi05pxs5hj+wPn8AWt7jkw=</latexit><latexit sha1_base64="Jc+IhYh6Qmi4m5B3pTbYtyQD218=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgIYTdKOhFCHrxGME8IFnC7GQ2GTI7u8z0CiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0nro2I1SOOE+5HdKBEKBhFK7XojVeuli96xZJbcecgq8TLSAky1HvFr24/ZmnEFTJJjel4boL+hGoUTPJpoZsanlA2ogPesVTRiBt/Mj93Ss6s0idhrG0pJHP198SERsaMo8B2RhSHZtmbif95nRTDa38iVJIiV2yxKEwlwZjMfid9oTlDObaEMi3srYQNqaYMbUIFG4K3/PIqaVYrnlvxHi5LtdssjjycwCmcgwdXUIN7qEMDGIzgGV7hzUmcF+fd+Vi05pxs5hj+wPn8AWt7jkw=</latexit><latexit sha1_base64="Jc+IhYh6Qmi4m5B3pTbYtyQD218=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgIYTdKOhFCHrxGME8IFnC7GQ2GTI7u8z0CiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0nro2I1SOOE+5HdKBEKBhFK7XojVeuli96xZJbcecgq8TLSAky1HvFr24/ZmnEFTJJjel4boL+hGoUTPJpoZsanlA2ogPesVTRiBt/Mj93Ss6s0idhrG0pJHP198SERsaMo8B2RhSHZtmbif95nRTDa38iVJIiV2yxKEwlwZjMfid9oTlDObaEMi3srYQNqaYMbUIFG4K3/PIqaVYrnlvxHi5LtdssjjycwCmcgwdXUIN7qEMDGIzgGV7hzUmcF+fd+Vi05pxs5hj+wPn8AWt7jkw=</latexit>

! a
L,R

<latexit sha1_base64="kATv8uf/MF52xUgXMiblfb4D5mI=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4kKEnmpjcgl48eIhiYiAbNZ2epEnPQnePEob8hxcPinj1X7z5N3YWQUUfFDzeq6KqnhsJrjQhH1ZqYXFpeSW9mllb39jcym7v1FUYS8pqNBShbLigmOABq2muBWtEkoHvCnbrDs8n/u0dk4qHwY0eRaztQz/gHqegjdRpgYgG0IFucnl0Pe5mc8QmxUKZlDGxC8QpTQkhxVL+GDuGTJBDc1S72fdWL6SxzwJNBSjVdEik2wlIzalg40wrViwCOoQ+axoagM9UO5lePcYHRulhL5SmAo2n6veJBHylRr5rOn3QA/Xbm4h/ec1Ye6V2woMo1iygs0VeLLAO8SQC3OOSUS1GhgCV3NyK6QAkUG2CypgQvj7F/5N63naI7Vyd5Cpn8zjSaA/to0PkoFNUQReoimqIIoke0BN6tu6tR+vFep21pqz5zC76AevtE5Mzko8=</latexit><latexit sha1_base64="kATv8uf/MF52xUgXMiblfb4D5mI=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4kKEnmpjcgl48eIhiYiAbNZ2epEnPQnePEob8hxcPinj1X7z5N3YWQUUfFDzeq6KqnhsJrjQhH1ZqYXFpeSW9mllb39jcym7v1FUYS8pqNBShbLigmOABq2muBWtEkoHvCnbrDs8n/u0dk4qHwY0eRaztQz/gHqegjdRpgYgG0IFucnl0Pe5mc8QmxUKZlDGxC8QpTQkhxVL+GDuGTJBDc1S72fdWL6SxzwJNBSjVdEik2wlIzalg40wrViwCOoQ+axoagM9UO5lePcYHRulhL5SmAo2n6veJBHylRr5rOn3QA/Xbm4h/ec1Ye6V2woMo1iygs0VeLLAO8SQC3OOSUS1GhgCV3NyK6QAkUG2CypgQvj7F/5N63naI7Vyd5Cpn8zjSaA/to0PkoFNUQReoimqIIoke0BN6tu6tR+vFep21pqz5zC76AevtE5Mzko8=</latexit><latexit sha1_base64="kATv8uf/MF52xUgXMiblfb4D5mI=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4kKEnmpjcgl48eIhiYiAbNZ2epEnPQnePEob8hxcPinj1X7z5N3YWQUUfFDzeq6KqnhsJrjQhH1ZqYXFpeSW9mllb39jcym7v1FUYS8pqNBShbLigmOABq2muBWtEkoHvCnbrDs8n/u0dk4qHwY0eRaztQz/gHqegjdRpgYgG0IFucnl0Pe5mc8QmxUKZlDGxC8QpTQkhxVL+GDuGTJBDc1S72fdWL6SxzwJNBSjVdEik2wlIzalg40wrViwCOoQ+axoagM9UO5lePcYHRulhL5SmAo2n6veJBHylRr5rOn3QA/Xbm4h/ec1Ye6V2woMo1iygs0VeLLAO8SQC3OOSUS1GhgCV3NyK6QAkUG2CypgQvj7F/5N63naI7Vyd5Cpn8zjSaA/to0PkoFNUQReoimqIIoke0BN6tu6tR+vFep21pqz5zC76AevtE5Mzko8=</latexit><latexit sha1_base64="kATv8uf/MF52xUgXMiblfb4D5mI=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4kKEnmpjcgl48eIhiYiAbNZ2epEnPQnePEob8hxcPinj1X7z5N3YWQUUfFDzeq6KqnhsJrjQhH1ZqYXFpeSW9mllb39jcym7v1FUYS8pqNBShbLigmOABq2muBWtEkoHvCnbrDs8n/u0dk4qHwY0eRaztQz/gHqegjdRpgYgG0IFucnl0Pe5mc8QmxUKZlDGxC8QpTQkhxVL+GDuGTJBDc1S72fdWL6SxzwJNBSjVdEik2wlIzalg40wrViwCOoQ+axoagM9UO5lePcYHRulhL5SmAo2n6veJBHylRr5rOn3QA/Xbm4h/ec1Ye6V2woMo1iygs0VeLLAO8SQC3OOSUS1GhgCV3NyK6QAkUG2CypgQvj7F/5N63naI7Vyd5Cpn8zjSaA/to0PkoFNUQReoimqIIoke0BN6tu6tR+vFep21pqz5zC76AevtE5Mzko8=</latexit>

! L,R
<latexit sha1_base64="Tps0Xq2WEUyC4cb0Ml8bB5Wl66c=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgQUq2SG1vRS8ePFSxtbBdSjbNtqHZzZLMCmXpz/DiQRGv/hpv/hvTD0FFHww83pthZl6QSGGAkA8nt7S8srqWXy9sbG5t7xR399pGpZrxFlNS6U5ADZci5i0QIHkn0ZxGgeR3wehi6t/dc22Eim9hnHA/ooNYhIJRsJLXDTjQXnZ1cjPpFUukTCyqVTwlbo24ltTrtUqljt2ZRUgJLdDsFd+7fcXSiMfAJDXGc0kCfkY1CCb5pNBNDU8oG9EB9yyNacSNn81OnuAjq/RxqLStGPBM/T6R0ciYcRTYzojC0Pz2puJfnpdCWPMzEScp8JjNF4WpxKDw9H/cF5ozkGNLKNPC3orZkGrKwKZUsCF8fYr/J+1K2SVl9/q01DhfxJFHB+gQHSMXnaEGukRN1EIMKfSAntCzA86j8+K8zltzzmJmH/2A8/YJRDWRPg==</latexit><latexit sha1_base64="Tps0Xq2WEUyC4cb0Ml8bB5Wl66c=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgQUq2SG1vRS8ePFSxtbBdSjbNtqHZzZLMCmXpz/DiQRGv/hpv/hvTD0FFHww83pthZl6QSGGAkA8nt7S8srqWXy9sbG5t7xR399pGpZrxFlNS6U5ADZci5i0QIHkn0ZxGgeR3wehi6t/dc22Eim9hnHA/ooNYhIJRsJLXDTjQXnZ1cjPpFUukTCyqVTwlbo24ltTrtUqljt2ZRUgJLdDsFd+7fcXSiMfAJDXGc0kCfkY1CCb5pNBNDU8oG9EB9yyNacSNn81OnuAjq/RxqLStGPBM/T6R0ciYcRTYzojC0Pz2puJfnpdCWPMzEScp8JjNF4WpxKDw9H/cF5ozkGNLKNPC3orZkGrKwKZUsCF8fYr/J+1K2SVl9/q01DhfxJFHB+gQHSMXnaEGukRN1EIMKfSAntCzA86j8+K8zltzzmJmH/2A8/YJRDWRPg==</latexit><latexit sha1_base64="Tps0Xq2WEUyC4cb0Ml8bB5Wl66c=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgQUq2SG1vRS8ePFSxtbBdSjbNtqHZzZLMCmXpz/DiQRGv/hpv/hvTD0FFHww83pthZl6QSGGAkA8nt7S8srqWXy9sbG5t7xR399pGpZrxFlNS6U5ADZci5i0QIHkn0ZxGgeR3wehi6t/dc22Eim9hnHA/ooNYhIJRsJLXDTjQXnZ1cjPpFUukTCyqVTwlbo24ltTrtUqljt2ZRUgJLdDsFd+7fcXSiMfAJDXGc0kCfkY1CCb5pNBNDU8oG9EB9yyNacSNn81OnuAjq/RxqLStGPBM/T6R0ciYcRTYzojC0Pz2puJfnpdCWPMzEScp8JjNF4WpxKDw9H/cF5ozkGNLKNPC3orZkGrKwKZUsCF8fYr/J+1K2SVl9/q01DhfxJFHB+gQHSMXnaEGukRN1EIMKfSAntCzA86j8+K8zltzzmJmH/2A8/YJRDWRPg==</latexit><latexit sha1_base64="Tps0Xq2WEUyC4cb0Ml8bB5Wl66c=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgQUq2SG1vRS8ePFSxtbBdSjbNtqHZzZLMCmXpz/DiQRGv/hpv/hvTD0FFHww83pthZl6QSGGAkA8nt7S8srqWXy9sbG5t7xR399pGpZrxFlNS6U5ADZci5i0QIHkn0ZxGgeR3wehi6t/dc22Eim9hnHA/ooNYhIJRsJLXDTjQXnZ1cjPpFUukTCyqVTwlbo24ltTrtUqljt2ZRUgJLdDsFd+7fcXSiMfAJDXGc0kCfkY1CCb5pNBNDU8oG9EB9yyNacSNn81OnuAjq/RxqLStGPBM/T6R0ciYcRTYzojC0Pz2puJfnpdCWPMzEScp8JjNF4WpxKDw9H/cF5ozkGNLKNPC3orZkGrKwKZUsCF8fYr/J+1K2SVl9/q01DhfxJFHB+gQHSMXnaEGukRN1EIMKfSAntCzA86j8+K8zltzzmJmH/2A8/YJRDWRPg==</latexit>

 and  are real constants

ta
<latexit sha1_base64="bkehrCzBhiviuQNZT7LvwkNj1hA=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgacm2Vuut6MVjBdsK7VqyabYNzWaXZFYoS3+DFw+KePUHefPfmH4IKvpg4PHeDDPzgkQKA4R8OLml5ZXVtfx6YWNza3unuLvXMnGqGW+yWMb6NqCGS6F4EwRIfptoTqNA8nYwupz67XuujYjVDYwT7kd0oEQoGAUrNeEuo5NesURcclqtnFcxcavEq5WnpFz1CKlgzyUzlNACjV7xvduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2bETfGSVPg5jbUsBnqnfJzIaGTOOAtsZURia395U/MvrpBDW/EyoJAWu2HxRmEoMMZ5+jvtCcwZybAllWthbMRtSTRnYfAo2hK9P8f+kVXY94nrXJ6X6xSKOPDpAh+gYeegM1dEVaqAmYkigB/SEnh3lPDovzuu8NecsZvbRDzhvn2j8jxM=</latexit><latexit sha1_base64="bkehrCzBhiviuQNZT7LvwkNj1hA=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgacm2Vuut6MVjBdsK7VqyabYNzWaXZFYoS3+DFw+KePUHefPfmH4IKvpg4PHeDDPzgkQKA4R8OLml5ZXVtfx6YWNza3unuLvXMnGqGW+yWMb6NqCGS6F4EwRIfptoTqNA8nYwupz67XuujYjVDYwT7kd0oEQoGAUrNeEuo5NesURcclqtnFcxcavEq5WnpFz1CKlgzyUzlNACjV7xvduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2bETfGSVPg5jbUsBnqnfJzIaGTOOAtsZURia395U/MvrpBDW/EyoJAWu2HxRmEoMMZ5+jvtCcwZybAllWthbMRtSTRnYfAo2hK9P8f+kVXY94nrXJ6X6xSKOPDpAh+gYeegM1dEVaqAmYkigB/SEnh3lPDovzuu8NecsZvbRDzhvn2j8jxM=</latexit><latexit sha1_base64="bkehrCzBhiviuQNZT7LvwkNj1hA=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgacm2Vuut6MVjBdsK7VqyabYNzWaXZFYoS3+DFw+KePUHefPfmH4IKvpg4PHeDDPzgkQKA4R8OLml5ZXVtfx6YWNza3unuLvXMnGqGW+yWMb6NqCGS6F4EwRIfptoTqNA8nYwupz67XuujYjVDYwT7kd0oEQoGAUrNeEuo5NesURcclqtnFcxcavEq5WnpFz1CKlgzyUzlNACjV7xvduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2bETfGSVPg5jbUsBnqnfJzIaGTOOAtsZURia395U/MvrpBDW/EyoJAWu2HxRmEoMMZ5+jvtCcwZybAllWthbMRtSTRnYfAo2hK9P8f+kVXY94nrXJ6X6xSKOPDpAh+gYeegM1dEVaqAmYkigB/SEnh3lPDovzuu8NecsZvbRDzhvn2j8jxM=</latexit><latexit sha1_base64="bkehrCzBhiviuQNZT7LvwkNj1hA=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgacm2Vuut6MVjBdsK7VqyabYNzWaXZFYoS3+DFw+KePUHefPfmH4IKvpg4PHeDDPzgkQKA4R8OLml5ZXVtfx6YWNza3unuLvXMnGqGW+yWMb6NqCGS6F4EwRIfptoTqNA8nYwupz67XuujYjVDYwT7kd0oEQoGAUrNeEuo5NesURcclqtnFcxcavEq5WnpFz1CKlgzyUzlNACjV7xvduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2bETfGSVPg5jbUsBnqnfJzIaGTOOAtsZURia395U/MvrpBDW/EyoJAWu2HxRmEoMMZ5+jvtCcwZybAllWthbMRtSTRnYfAo2hK9P8f+kVXY94nrXJ6X6xSKOPDpAh+gYeegM1dEVaqAmYkigB/SEnh3lPDovzuu8NecsZvbRDzhvn2j8jxM=</latexit>

 are the generators of SU(2)
<latexit sha1_base64="UGywCUzAc0ByDbXyvu19lzNsFPQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSLUS9i0Ruut6MVjRdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh7W0vLK6tl7YKG5ube/slvb2WypOJaEeiXksOwFWlDNBPc00p51EUhwFnLaD8VXut++pVCwWd3qSUD/CQ8FCRrA2knfrVaon/VIZ2ejMrV24ENkucurVnFRdB6EadGw0Qxks0OyX3nuDmKQRFZpwrFTXQYn2Myw1I5xOi71U0QSTMR7SrqECR1T52ezYKTw2ygCGsTQlNJyp3ycyHCk1iQLTGWE9Ur+9XPzL66Y6rPsZE0mqqSDzRWHKoY5h/jkcMEmJ5hNDMJHM3ArJCEtMtMmnaEL4+hT+T1pV20G2c3Nablwu4iiAQ3AEKsAB56ABrkETeIAABh7AE3i2hPVovViv89YlazFzAH7AevsE42qOEw==</latexit><latexit sha1_base64="UGywCUzAc0ByDbXyvu19lzNsFPQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSLUS9i0Ruut6MVjRdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh7W0vLK6tl7YKG5ube/slvb2WypOJaEeiXksOwFWlDNBPc00p51EUhwFnLaD8VXut++pVCwWd3qSUD/CQ8FCRrA2knfrVaon/VIZ2ejMrV24ENkucurVnFRdB6EadGw0Qxks0OyX3nuDmKQRFZpwrFTXQYn2Myw1I5xOi71U0QSTMR7SrqECR1T52ezYKTw2ygCGsTQlNJyp3ycyHCk1iQLTGWE9Ur+9XPzL66Y6rPsZE0mqqSDzRWHKoY5h/jkcMEmJ5hNDMJHM3ArJCEtMtMmnaEL4+hT+T1pV20G2c3Nablwu4iiAQ3AEKsAB56ABrkETeIAABh7AE3i2hPVovViv89YlazFzAH7AevsE42qOEw==</latexit><latexit sha1_base64="UGywCUzAc0ByDbXyvu19lzNsFPQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSLUS9i0Ruut6MVjRdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh7W0vLK6tl7YKG5ube/slvb2WypOJaEeiXksOwFWlDNBPc00p51EUhwFnLaD8VXut++pVCwWd3qSUD/CQ8FCRrA2knfrVaon/VIZ2ejMrV24ENkucurVnFRdB6EadGw0Qxks0OyX3nuDmKQRFZpwrFTXQYn2Myw1I5xOi71U0QSTMR7SrqECR1T52ezYKTw2ygCGsTQlNJyp3ycyHCk1iQLTGWE9Ur+9XPzL66Y6rPsZE0mqqSDzRWHKoY5h/jkcMEmJ5hNDMJHM3ArJCEtMtMmnaEL4+hT+T1pV20G2c3Nablwu4iiAQ3AEKsAB56ABrkETeIAABh7AE3i2hPVovViv89YlazFzAH7AevsE42qOEw==</latexit><latexit sha1_base64="UGywCUzAc0ByDbXyvu19lzNsFPQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSLUS9i0Ruut6MVjRdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh7W0vLK6tl7YKG5ube/slvb2WypOJaEeiXksOwFWlDNBPc00p51EUhwFnLaD8VXut++pVCwWd3qSUD/CQ8FCRrA2knfrVaon/VIZ2ejMrV24ENkucurVnFRdB6EadGw0Qxks0OyX3nuDmKQRFZpwrFTXQYn2Myw1I5xOi71U0QSTMR7SrqECR1T52ezYKTw2ygCGsTQlNJyp3ycyHCk1iQLTGWE9Ur+9XPzL66Y6rPsZE0mqqSDzRWHKoY5h/jkcMEmJ5hNDMJHM3ArJCEtMtMmnaEL4+hT+T1pV20G2c3Nablwu4iiAQ3AEKsAB56ABrkETeIAABh7AE3i2hPVovViv89YlazFzAH7AevsE42qOEw==</latexit>

L QCD
<latexit sha1_base64="y9oMcpiwk7KWGPAoMjlqNQhk9Pc=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxgtd0V68KFixbsAzrDkEkzbWjmQZIRhqH+ihsXirj1Q9z5N6YPQUUPXO7hnHvJzfETzqRC6MNYWV1b39gsbBW3d3b39ksHh10Zp4LQDol5LPo+lpSziHYUU5z2E0Fx6HPa8yfNmd+7o0KyOLpVWULdEI8iFjCClZa8Ujl3CObwZurljghhu3k1hV6pgkxk16qoDpFp62ZXNakiq35eh5aJ5qiAJVpe6d0ZxiQNaaQIx1IOLJQoN8dCMcLptOikkiaYTPCIDjSNcEilm8+Pn8ITrQxhEAtdkYJz9ftGjkMps9DXkyFWY/nbm4l/eYNUBTU3Z1GSKhqRxUNByqGK4SwJOGSCEsUzTTARTN8KyRgLTJTOq6hD+Pop/J90bdNCptU+qzQul3EUwBE4BqfAAhegAa5BC3QAARl4AE/g2bg3Ho0X43UxumIsd8rgB4y3T/JYlFA=</latexit><latexit sha1_base64="y9oMcpiwk7KWGPAoMjlqNQhk9Pc=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxgtd0V68KFixbsAzrDkEkzbWjmQZIRhqH+ihsXirj1Q9z5N6YPQUUPXO7hnHvJzfETzqRC6MNYWV1b39gsbBW3d3b39ksHh10Zp4LQDol5LPo+lpSziHYUU5z2E0Fx6HPa8yfNmd+7o0KyOLpVWULdEI8iFjCClZa8Ujl3CObwZurljghhu3k1hV6pgkxk16qoDpFp62ZXNakiq35eh5aJ5qiAJVpe6d0ZxiQNaaQIx1IOLJQoN8dCMcLptOikkiaYTPCIDjSNcEilm8+Pn8ITrQxhEAtdkYJz9ftGjkMps9DXkyFWY/nbm4l/eYNUBTU3Z1GSKhqRxUNByqGK4SwJOGSCEsUzTTARTN8KyRgLTJTOq6hD+Pop/J90bdNCptU+qzQul3EUwBE4BqfAAhegAa5BC3QAARl4AE/g2bg3Ho0X43UxumIsd8rgB4y3T/JYlFA=</latexit><latexit sha1_base64="y9oMcpiwk7KWGPAoMjlqNQhk9Pc=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxgtd0V68KFixbsAzrDkEkzbWjmQZIRhqH+ihsXirj1Q9z5N6YPQUUPXO7hnHvJzfETzqRC6MNYWV1b39gsbBW3d3b39ksHh10Zp4LQDol5LPo+lpSziHYUU5z2E0Fx6HPa8yfNmd+7o0KyOLpVWULdEI8iFjCClZa8Ujl3CObwZurljghhu3k1hV6pgkxk16qoDpFp62ZXNakiq35eh5aJ5qiAJVpe6d0ZxiQNaaQIx1IOLJQoN8dCMcLptOikkiaYTPCIDjSNcEilm8+Pn8ITrQxhEAtdkYJz9ftGjkMps9DXkyFWY/nbm4l/eYNUBTU3Z1GSKhqRxUNByqGK4SwJOGSCEsUzTTARTN8KyRgLTJTOq6hD+Pop/J90bdNCptU+qzQul3EUwBE4BqfAAhegAa5BC3QAARl4AE/g2bg3Ho0X43UxumIsd8rgB4y3T/JYlFA=</latexit><latexit sha1_base64="y9oMcpiwk7KWGPAoMjlqNQhk9Pc=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxgtd0V68KFixbsAzrDkEkzbWjmQZIRhqH+ihsXirj1Q9z5N6YPQUUPXO7hnHvJzfETzqRC6MNYWV1b39gsbBW3d3b39ksHh10Zp4LQDol5LPo+lpSziHYUU5z2E0Fx6HPa8yfNmd+7o0KyOLpVWULdEI8iFjCClZa8Ujl3CObwZurljghhu3k1hV6pgkxk16qoDpFp62ZXNakiq35eh5aJ5qiAJVpe6d0ZxiQNaaQIx1IOLJQoN8dCMcLptOikkiaYTPCIDjSNcEilm8+Pn8ITrQxhEAtdkYJz9ftGjkMps9DXkyFWY/nbm4l/eYNUBTU3Z1GSKhqRxUNByqGK4SwJOGSCEsUzTTARTN8KyRgLTJTOq6hD+Pop/J90bdNCptU+qzQul3EUwBE4BqfAAhegAa5BC3QAARl4AE/g2bg3Ho0X43UxumIsd8rgB4y3T/JYlFA=</latexit>

 is invariant under the SU(2)L ! SU(2)R !
<latexit sha1_base64="RRd+y+dy69AXFKsvhcq1jMxHsec=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwM+kMjuKO6MaFC3wMkAAhndKBhs4jbceEEBZu/BU3LjTGrR/hzr+xA5io0ZM0Ofece3N7jxdzJhVCH0ZmYXFpeSW7mltb39jcym/v1GWUCEJdEvFIND0sKWchdRVTnDZjQXHgcdrwhmep37ilQrIovFGjmHYC3A+ZzwhWWurmC9duyT7oXrQVC6iEs+pqVnXzRWSiI6d84kBkOsiq2CmxHQuhMrRMNEURzFHr5t/bvYgkAQ0V4VjKloVi1RljoRjhdJJrJ5LGmAxxn7Y0DbFe0hlPj5jAfa30oB8J/UIFp+r3iTEOpBwFnu4MsBrI314q/uW1EuVXOmMWxomiIZkt8hMOVQTTRGCPCUoUH2mCiWD6r5AMsMBE6dxyOoSvS+H/pG6bFjKty8Ni9XQeRxYUwB4oAQscgyo4BzXgAgLuwAN4As/GvfFovBivs9aMMZ/ZBT9gvH0Ch2yWww==</latexit><latexit sha1_base64="RRd+y+dy69AXFKsvhcq1jMxHsec=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwM+kMjuKO6MaFC3wMkAAhndKBhs4jbceEEBZu/BU3LjTGrR/hzr+xA5io0ZM0Ofece3N7jxdzJhVCH0ZmYXFpeSW7mltb39jcym/v1GWUCEJdEvFIND0sKWchdRVTnDZjQXHgcdrwhmep37ilQrIovFGjmHYC3A+ZzwhWWurmC9duyT7oXrQVC6iEs+pqVnXzRWSiI6d84kBkOsiq2CmxHQuhMrRMNEURzFHr5t/bvYgkAQ0V4VjKloVi1RljoRjhdJJrJ5LGmAxxn7Y0DbFe0hlPj5jAfa30oB8J/UIFp+r3iTEOpBwFnu4MsBrI314q/uW1EuVXOmMWxomiIZkt8hMOVQTTRGCPCUoUH2mCiWD6r5AMsMBE6dxyOoSvS+H/pG6bFjKty8Ni9XQeRxYUwB4oAQscgyo4BzXgAgLuwAN4As/GvfFovBivs9aMMZ/ZBT9gvH0Ch2yWww==</latexit><latexit sha1_base64="RRd+y+dy69AXFKsvhcq1jMxHsec=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwM+kMjuKO6MaFC3wMkAAhndKBhs4jbceEEBZu/BU3LjTGrR/hzr+xA5io0ZM0Ofece3N7jxdzJhVCH0ZmYXFpeSW7mltb39jcym/v1GWUCEJdEvFIND0sKWchdRVTnDZjQXHgcdrwhmep37ilQrIovFGjmHYC3A+ZzwhWWurmC9duyT7oXrQVC6iEs+pqVnXzRWSiI6d84kBkOsiq2CmxHQuhMrRMNEURzFHr5t/bvYgkAQ0V4VjKloVi1RljoRjhdJJrJ5LGmAxxn7Y0DbFe0hlPj5jAfa30oB8J/UIFp+r3iTEOpBwFnu4MsBrI314q/uW1EuVXOmMWxomiIZkt8hMOVQTTRGCPCUoUH2mCiWD6r5AMsMBE6dxyOoSvS+H/pG6bFjKty8Ni9XQeRxYUwB4oAQscgyo4BzXgAgLuwAN4As/GvfFovBivs9aMMZ/ZBT9gvH0Ch2yWww==</latexit><latexit sha1_base64="RRd+y+dy69AXFKsvhcq1jMxHsec=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwM+kMjuKO6MaFC3wMkAAhndKBhs4jbceEEBZu/BU3LjTGrR/hzr+xA5io0ZM0Ofece3N7jxdzJhVCH0ZmYXFpeSW7mltb39jcym/v1GWUCEJdEvFIND0sKWchdRVTnDZjQXHgcdrwhmep37ilQrIovFGjmHYC3A+ZzwhWWurmC9duyT7oXrQVC6iEs+pqVnXzRWSiI6d84kBkOsiq2CmxHQuhMrRMNEURzFHr5t/bvYgkAQ0V4VjKloVi1RljoRjhdJJrJ5LGmAxxn7Y0DbFe0hlPj5jAfa30oB8J/UIFp+r3iTEOpBwFnu4MsBrI314q/uW1EuVXOmMWxomiIZkt8hMOVQTTRGCPCUoUH2mCiWD6r5AMsMBE6dxyOoSvS+H/pG6bFjKty8Ni9XQeRxYUwB4oAQscgyo4BzXgAgLuwAN4As/GvfFovBivs9aMMZ/ZBT9gvH0Ch2yWww==</latexit>

U(1)L ⇥ U(1)R
<latexit sha1_base64="zO49IB42C8FGGPpxQejJLg+XMZQ=">AAAB/HicdVDLSgMxFM3UV62v0S7dBItQNyVTpLa7ohsXLqo4baEdhkyatqGZB0lGGIb6K25cKOLWD3Hn35iZVlDRA4Fzz7mXe3O8iDOpEPowCiura+sbxc3S1vbO7p65f9CVYSwItUnIQ9H3sKScBdRWTHHajwTFvsdpz5tdZH7vjgrJwuBWJRF1fDwJ2JgRrLTkmmW7ap24V0PFfCphXty4ZgXVkEajATNiNZGlSavVrNdb0MothCpgiY5rvg9HIYl9GijCsZQDC0XKSbFQjHA6Lw1jSSNMZnhCB5oGWO9y0vz4OTzWygiOQ6FfoGCufp9IsS9l4nu608dqKn97mfiXN4jVuOmkLIhiRQOyWDSOOVQhzJKAIyYoUTzRBBPB9K2QTLHAROm8SjqEr5/C/0m3XrNQzbo+rbTPl3EUwSE4AlVggTPQBpegA2xAQAIewBN4Nu6NR+PFeF20FozlTBn8gPH2CV9Zk04=</latexit><latexit sha1_base64="zO49IB42C8FGGPpxQejJLg+XMZQ=">AAAB/HicdVDLSgMxFM3UV62v0S7dBItQNyVTpLa7ohsXLqo4baEdhkyatqGZB0lGGIb6K25cKOLWD3Hn35iZVlDRA4Fzz7mXe3O8iDOpEPowCiura+sbxc3S1vbO7p65f9CVYSwItUnIQ9H3sKScBdRWTHHajwTFvsdpz5tdZH7vjgrJwuBWJRF1fDwJ2JgRrLTkmmW7ap24V0PFfCphXty4ZgXVkEajATNiNZGlSavVrNdb0MothCpgiY5rvg9HIYl9GijCsZQDC0XKSbFQjHA6Lw1jSSNMZnhCB5oGWO9y0vz4OTzWygiOQ6FfoGCufp9IsS9l4nu608dqKn97mfiXN4jVuOmkLIhiRQOyWDSOOVQhzJKAIyYoUTzRBBPB9K2QTLHAROm8SjqEr5/C/0m3XrNQzbo+rbTPl3EUwSE4AlVggTPQBpegA2xAQAIewBN4Nu6NR+PFeF20FozlTBn8gPH2CV9Zk04=</latexit><latexit sha1_base64="zO49IB42C8FGGPpxQejJLg+XMZQ=">AAAB/HicdVDLSgMxFM3UV62v0S7dBItQNyVTpLa7ohsXLqo4baEdhkyatqGZB0lGGIb6K25cKOLWD3Hn35iZVlDRA4Fzz7mXe3O8iDOpEPowCiura+sbxc3S1vbO7p65f9CVYSwItUnIQ9H3sKScBdRWTHHajwTFvsdpz5tdZH7vjgrJwuBWJRF1fDwJ2JgRrLTkmmW7ap24V0PFfCphXty4ZgXVkEajATNiNZGlSavVrNdb0MothCpgiY5rvg9HIYl9GijCsZQDC0XKSbFQjHA6Lw1jSSNMZnhCB5oGWO9y0vz4OTzWygiOQ6FfoGCufp9IsS9l4nu608dqKn97mfiXN4jVuOmkLIhiRQOyWDSOOVQhzJKAIyYoUTzRBBPB9K2QTLHAROm8SjqEr5/C/0m3XrNQzbo+rbTPl3EUwSE4AlVggTPQBpegA2xAQAIewBN4Nu6NR+PFeF20FozlTBn8gPH2CV9Zk04=</latexit><latexit sha1_base64="zO49IB42C8FGGPpxQejJLg+XMZQ=">AAAB/HicdVDLSgMxFM3UV62v0S7dBItQNyVTpLa7ohsXLqo4baEdhkyatqGZB0lGGIb6K25cKOLWD3Hn35iZVlDRA4Fzz7mXe3O8iDOpEPowCiura+sbxc3S1vbO7p65f9CVYSwItUnIQ9H3sKScBdRWTHHajwTFvsdpz5tdZH7vjgrJwuBWJRF1fDwJ2JgRrLTkmmW7ap24V0PFfCphXty4ZgXVkEajATNiNZGlSavVrNdb0MothCpgiY5rvg9HIYl9GijCsZQDC0XKSbFQjHA6Lw1jSSNMZnhCB5oGWO9y0vz4OTzWygiOQ6FfoGCufp9IsS9l4nu608dqKn97mfiXN4jVuOmkLIhiRQOyWDSOOVQhzJKAIyYoUTzRBBPB9K2QTLHAROm8SjqEr5/C/0m3XrNQzbo+rbTPl3EUwSE4AlVggTPQBpegA2xAQAIewBN4Nu6NR+PFeF20FozlTBn8gPH2CV9Zk04=</latexit>

 global symmetry



6

Conserved Currents

jµ
L = øQL ! µQL jµ

R = øQR ! µQR
<latexit sha1_base64="VIx5AKU5whauL5RUZxukLJcOPPQ="></latexit><latexit sha1_base64="VIx5AKU5whauL5RUZxukLJcOPPQ="></latexit><latexit sha1_base64="VIx5AKU5whauL5RUZxukLJcOPPQ="></latexit><latexit sha1_base64="VIx5AKU5whauL5RUZxukLJcOPPQ="></latexit>

jaµL = Q̄L�
µtaQL jaµR = Q̄R�

µtaQR
<latexit sha1_base64="gzrvDLvMG/u06+lB/0jMfBaZIpI="></latexit><latexit sha1_base64="gzrvDLvMG/u06+lB/0jMfBaZIpI="></latexit><latexit sha1_base64="gzrvDLvMG/u06+lB/0jMfBaZIpI="></latexit><latexit sha1_base64="gzrvDLvMG/u06+lB/0jMfBaZIpI="></latexit>

SU(2)L and SU(2)R
<latexit sha1_base64="9/fTl6OlAjgCfq7AFUEydXT2tcY="></latexit><latexit sha1_base64="9/fTl6OlAjgCfq7AFUEydXT2tcY="></latexit><latexit sha1_base64="9/fTl6OlAjgCfq7AFUEydXT2tcY="></latexit><latexit sha1_base64="9/fTl6OlAjgCfq7AFUEydXT2tcY="></latexit>

 currents 

U (1)L and U (1)R
<latexit sha1_base64="aftVq7TW/Cz/9lzJQrRyRaw3yzg=">AAACAnicdVDLSgMxFM34rPU16krcBItQNyVTpLa7ohsXLqo4baEtJZPJtKGZzJBkhDK0bvwVNy4UcetXuPNvTB+Cih64cDjnXu69x4s5UxqhD2thcWl5ZTWzll3f2Nzatnd26ypKJKEuiXgkmx5WlDNBXc00p81YUhx6nDa8wfnEb9xSqVgkbvQwpp0Q9wQLGMHaSF173807x91LmLZlCMdY+OMRnErXXTuHCsigVIIT4pSRY0ilUi4WK9CZWgjlwBy1rv3e9iOShFRowrFSLQfFupNiqRnhdJRtJ4rGmAxwj7YMFTikqpNOXxjBI6P4MIikKaHhVP0+keJQqWHomc4Q67767U3Ev7xWooNyJ2UiTjQVZLYoSDjUEZzkAX0mKdF8aAgmkplbIeljiYk2qWVNCF+fwv9JvVhwUMG5OslVz+ZxZMABOAR54IBTUAUXoAZcQMAdeABP4Nm6tx6tF+t11rpgzWf2wA9Yb5+mXpWu</latexit><latexit sha1_base64="aftVq7TW/Cz/9lzJQrRyRaw3yzg=">AAACAnicdVDLSgMxFM34rPU16krcBItQNyVTpLa7ohsXLqo4baEtJZPJtKGZzJBkhDK0bvwVNy4UcetXuPNvTB+Cih64cDjnXu69x4s5UxqhD2thcWl5ZTWzll3f2Nzatnd26ypKJKEuiXgkmx5WlDNBXc00p81YUhx6nDa8wfnEb9xSqVgkbvQwpp0Q9wQLGMHaSF173807x91LmLZlCMdY+OMRnErXXTuHCsigVIIT4pSRY0ilUi4WK9CZWgjlwBy1rv3e9iOShFRowrFSLQfFupNiqRnhdJRtJ4rGmAxwj7YMFTikqpNOXxjBI6P4MIikKaHhVP0+keJQqWHomc4Q67767U3Ev7xWooNyJ2UiTjQVZLYoSDjUEZzkAX0mKdF8aAgmkplbIeljiYk2qWVNCF+fwv9JvVhwUMG5OslVz+ZxZMABOAR54IBTUAUXoAZcQMAdeABP4Nm6tx6tF+t11rpgzWf2wA9Yb5+mXpWu</latexit><latexit sha1_base64="aftVq7TW/Cz/9lzJQrRyRaw3yzg=">AAACAnicdVDLSgMxFM34rPU16krcBItQNyVTpLa7ohsXLqo4baEtJZPJtKGZzJBkhDK0bvwVNy4UcetXuPNvTB+Cih64cDjnXu69x4s5UxqhD2thcWl5ZTWzll3f2Nzatnd26ypKJKEuiXgkmx5WlDNBXc00p81YUhx6nDa8wfnEb9xSqVgkbvQwpp0Q9wQLGMHaSF173807x91LmLZlCMdY+OMRnErXXTuHCsigVIIT4pSRY0ilUi4WK9CZWgjlwBy1rv3e9iOShFRowrFSLQfFupNiqRnhdJRtJ4rGmAxwj7YMFTikqpNOXxjBI6P4MIikKaHhVP0+keJQqWHomc4Q67767U3Ev7xWooNyJ2UiTjQVZLYoSDjUEZzkAX0mKdF8aAgmkplbIeljiYk2qWVNCF+fwv9JvVhwUMG5OslVz+ZxZMABOAR54IBTUAUXoAZcQMAdeABP4Nm6tx6tF+t11rpgzWf2wA9Yb5+mXpWu</latexit><latexit sha1_base64="aftVq7TW/Cz/9lzJQrRyRaw3yzg=">AAACAnicdVDLSgMxFM34rPU16krcBItQNyVTpLa7ohsXLqo4baEtJZPJtKGZzJBkhDK0bvwVNy4UcetXuPNvTB+Cih64cDjnXu69x4s5UxqhD2thcWl5ZTWzll3f2Nzatnd26ypKJKEuiXgkmx5WlDNBXc00p81YUhx6nDa8wfnEb9xSqVgkbvQwpp0Q9wQLGMHaSF173807x91LmLZlCMdY+OMRnErXXTuHCsigVIIT4pSRY0ilUi4WK9CZWgjlwBy1rv3e9iOShFRowrFSLQfFupNiqRnhdJRtJ4rGmAxwj7YMFTikqpNOXxjBI6P4MIikKaHhVP0+keJQqWHomc4Q67767U3Ev7xWooNyJ2UiTjQVZLYoSDjUEZzkAX0mKdF8aAgmkplbIeljiYk2qWVNCF+fwv9JvVhwUMG5OslVz+ZxZMABOAR54IBTUAUXoAZcQMAdeABP4Nm6tx6tF+t11rpgzWf2wA9Yb5+mXpWu</latexit>

 currents 

We can deÞne the vector and axial-vector currents as

j aµ
V = j aµ

R + j aµ
L

<latexit sha1_base64="eNFNnx1jc3cihpww0SLroMpEf3U=">AAACDXicdVDLSgMxFM34rPU16tJNsAqCMGRaR+tCKLpx4aKKfUA7lkyatrGZB0lGKEN/wI2/4saFIm7du/NvTB8+0QOBc8+5l5t7vIgzqRB6MyYmp6ZnZlNz6fmFxaVlc2W1LMNYEFoiIQ9F1cOSchbQkmKK02okKPY9Tite93jgV66pkCwMLlQvoq6P2wFrMYKVlhrm5tVlgut+3G+U4SH8LM7hzldx2jAzyEJ7Tu7AgchykJ3PDkjWsRHKQdtCQ2TAGMWG+VpvhiT2aaAIx1LWbBQpN8FCMcJpP12PJY0w6eI2rWkaYJ9KNxle04dbWmnCVij0CxQcqt8nEuxL2fM93elj1ZG/vYH4l1eLVSvvJiyIYkUDMlrUijlUIRxEA5tMUKJ4TxNMBNN/haSDBSZKB5jWIXxcCv8n5axlI8s+280UjsZxpMA62ADbwAb7oABOQBGUAAE34A48gEfj1rg3noznUeuEMZ5ZAz9gvLwDz1+bZQ==</latexit><latexit sha1_base64="eNFNnx1jc3cihpww0SLroMpEf3U=">AAACDXicdVDLSgMxFM34rPU16tJNsAqCMGRaR+tCKLpx4aKKfUA7lkyatrGZB0lGKEN/wI2/4saFIm7du/NvTB8+0QOBc8+5l5t7vIgzqRB6MyYmp6ZnZlNz6fmFxaVlc2W1LMNYEFoiIQ9F1cOSchbQkmKK02okKPY9Tite93jgV66pkCwMLlQvoq6P2wFrMYKVlhrm5tVlgut+3G+U4SH8LM7hzldx2jAzyEJ7Tu7AgchykJ3PDkjWsRHKQdtCQ2TAGMWG+VpvhiT2aaAIx1LWbBQpN8FCMcJpP12PJY0w6eI2rWkaYJ9KNxle04dbWmnCVij0CxQcqt8nEuxL2fM93elj1ZG/vYH4l1eLVSvvJiyIYkUDMlrUijlUIRxEA5tMUKJ4TxNMBNN/haSDBSZKB5jWIXxcCv8n5axlI8s+280UjsZxpMA62ADbwAb7oABOQBGUAAE34A48gEfj1rg3noznUeuEMZ5ZAz9gvLwDz1+bZQ==</latexit><latexit sha1_base64="eNFNnx1jc3cihpww0SLroMpEf3U=">AAACDXicdVDLSgMxFM34rPU16tJNsAqCMGRaR+tCKLpx4aKKfUA7lkyatrGZB0lGKEN/wI2/4saFIm7du/NvTB8+0QOBc8+5l5t7vIgzqRB6MyYmp6ZnZlNz6fmFxaVlc2W1LMNYEFoiIQ9F1cOSchbQkmKK02okKPY9Tite93jgV66pkCwMLlQvoq6P2wFrMYKVlhrm5tVlgut+3G+U4SH8LM7hzldx2jAzyEJ7Tu7AgchykJ3PDkjWsRHKQdtCQ2TAGMWG+VpvhiT2aaAIx1LWbBQpN8FCMcJpP12PJY0w6eI2rWkaYJ9KNxle04dbWmnCVij0CxQcqt8nEuxL2fM93elj1ZG/vYH4l1eLVSvvJiyIYkUDMlrUijlUIRxEA5tMUKJ4TxNMBNN/haSDBSZKB5jWIXxcCv8n5axlI8s+280UjsZxpMA62ADbwAb7oABOQBGUAAE34A48gEfj1rg3noznUeuEMZ5ZAz9gvLwDz1+bZQ==</latexit><latexit sha1_base64="eNFNnx1jc3cihpww0SLroMpEf3U=">AAACDXicdVDLSgMxFM34rPU16tJNsAqCMGRaR+tCKLpx4aKKfUA7lkyatrGZB0lGKEN/wI2/4saFIm7du/NvTB8+0QOBc8+5l5t7vIgzqRB6MyYmp6ZnZlNz6fmFxaVlc2W1LMNYEFoiIQ9F1cOSchbQkmKK02okKPY9Tite93jgV66pkCwMLlQvoq6P2wFrMYKVlhrm5tVlgut+3G+U4SH8LM7hzldx2jAzyEJ7Tu7AgchykJ3PDkjWsRHKQdtCQ2TAGMWG+VpvhiT2aaAIx1LWbBQpN8FCMcJpP12PJY0w6eI2rWkaYJ9KNxle04dbWmnCVij0CxQcqt8nEuxL2fM93elj1ZG/vYH4l1eLVSvvJiyIYkUDMlrUijlUIRxEA5tMUKJ4TxNMBNN/haSDBSZKB5jWIXxcCv8n5axlI8s+280UjsZxpMA62ADbwAb7oABOQBGUAAE34A48gEfj1rg3noznUeuEMZ5ZAz9gvLwDz1+bZQ==</latexit>

jaµA = jaµR � jaµL
<latexit sha1_base64="m2Lgw12F3pFVtF+Tg7XYHg2hOkM=">AAACDXicdVC5TgMxFPSGK4QrQEljEZBoWHkTAqFACtBQUAREDilZVl7HSUy8h2wvUrTKD9DwKzQUIERLT8ff4BycgpEszZt5T89v3JAzqRB6MxITk1PTM8nZ1Nz8wuJSenmlIoNIEFomAQ9EzcWScubTsmKK01ooKPZcTqtu93jgV6+pkCzwL1QvpLaH2z5rMYKVlpz0xtVljBte1HcO4QH8LM7h9ldx6qQzyES7+dx+HiIzj6xCdkCyeQuhHLRMNEQGjFFy0q+NZkAij/qKcCxl3UKhsmMsFCOc9lONSNIQky5u07qmPvaotOPhNX24qZUmbAVCP1/Bofp9IsaelD3P1Z0eVh352xuIf3n1SLUKdsz8MFLUJ6NFrYhDFcBBNLDJBCWK9zTBRDD9V0g6WGCidIApHcLHpfB/UsmaFjKts51M8WgcRxKsgXWwBSywB4rgBJRAGRBwA+7AA3g0bo1748l4HrUmjPHMKvgB4+UdsIebUg==</latexit><latexit sha1_base64="m2Lgw12F3pFVtF+Tg7XYHg2hOkM=">AAACDXicdVC5TgMxFPSGK4QrQEljEZBoWHkTAqFACtBQUAREDilZVl7HSUy8h2wvUrTKD9DwKzQUIERLT8ff4BycgpEszZt5T89v3JAzqRB6MxITk1PTM8nZ1Nz8wuJSenmlIoNIEFomAQ9EzcWScubTsmKK01ooKPZcTqtu93jgV6+pkCzwL1QvpLaH2z5rMYKVlpz0xtVljBte1HcO4QH8LM7h9ldx6qQzyES7+dx+HiIzj6xCdkCyeQuhHLRMNEQGjFFy0q+NZkAij/qKcCxl3UKhsmMsFCOc9lONSNIQky5u07qmPvaotOPhNX24qZUmbAVCP1/Bofp9IsaelD3P1Z0eVh352xuIf3n1SLUKdsz8MFLUJ6NFrYhDFcBBNLDJBCWK9zTBRDD9V0g6WGCidIApHcLHpfB/UsmaFjKts51M8WgcRxKsgXWwBSywB4rgBJRAGRBwA+7AA3g0bo1748l4HrUmjPHMKvgB4+UdsIebUg==</latexit><latexit sha1_base64="m2Lgw12F3pFVtF+Tg7XYHg2hOkM=">AAACDXicdVC5TgMxFPSGK4QrQEljEZBoWHkTAqFACtBQUAREDilZVl7HSUy8h2wvUrTKD9DwKzQUIERLT8ff4BycgpEszZt5T89v3JAzqRB6MxITk1PTM8nZ1Nz8wuJSenmlIoNIEFomAQ9EzcWScubTsmKK01ooKPZcTqtu93jgV6+pkCzwL1QvpLaH2z5rMYKVlpz0xtVljBte1HcO4QH8LM7h9ldx6qQzyES7+dx+HiIzj6xCdkCyeQuhHLRMNEQGjFFy0q+NZkAij/qKcCxl3UKhsmMsFCOc9lONSNIQky5u07qmPvaotOPhNX24qZUmbAVCP1/Bofp9IsaelD3P1Z0eVh352xuIf3n1SLUKdsz8MFLUJ6NFrYhDFcBBNLDJBCWK9zTBRDD9V0g6WGCidIApHcLHpfB/UsmaFjKts51M8WgcRxKsgXWwBSywB4rgBJRAGRBwA+7AA3g0bo1748l4HrUmjPHMKvgB4+UdsIebUg==</latexit><latexit sha1_base64="m2Lgw12F3pFVtF+Tg7XYHg2hOkM=">AAACDXicdVC5TgMxFPSGK4QrQEljEZBoWHkTAqFACtBQUAREDilZVl7HSUy8h2wvUrTKD9DwKzQUIERLT8ff4BycgpEszZt5T89v3JAzqRB6MxITk1PTM8nZ1Nz8wuJSenmlIoNIEFomAQ9EzcWScubTsmKK01ooKPZcTqtu93jgV6+pkCzwL1QvpLaH2z5rMYKVlpz0xtVljBte1HcO4QH8LM7h9ldx6qQzyES7+dx+HiIzj6xCdkCyeQuhHLRMNEQGjFFy0q+NZkAij/qKcCxl3UKhsmMsFCOc9lONSNIQky5u07qmPvaotOPhNX24qZUmbAVCP1/Bofp9IsaelD3P1Z0eVh352xuIf3n1SLUKdsz8MFLUJ6NFrYhDFcBBNLDJBCWK9zTBRDD9V0g6WGCidIApHcLHpfB/UsmaFjKts51M8WgcRxKsgXWwBSywB4rgBJRAGRBwA+7AA3g0bo1748l4HrUmjPHMKvgB4+UdsIebUg==</latexit>

j µ
A = j µ

R ! j µ
L

<latexit sha1_base64="93vwYwEXVl4MUZLMW829oqhPh7s=">AAACCnicdZDLSgMxFIYz9VbrbdSlm2gR3FgyRWq7EKpuXLioYi/QjkMmTdvYzIUkI5Shaze+ihsXirj1Cdz5NmZ6ERU9EPj4/3M4Ob8bciYVQh9GamZ2bn4hvZhZWl5ZXTPXN2oyiAShVRLwQDRcLClnPq0qpjhthIJiz+W07vZPE79+S4VkgX+lBiG1Pdz1WYcRrLTkmNs313HLi4bOMTyCU76E+1987phZlEO6CgWYgFVEloZSqZjPl6A1shDKgklVHPO91Q5I5FFfEY6lbFooVHaMhWKE02GmFUkaYtLHXdrU6GOPSjsenTKEu1ppw04g9PMVHKnfJ2LsSTnwXN3pYdWTv71E/MtrRqpTtGPmh5GiPhkv6kQcqgAmucA2E5QoPtCAiWD6r5D0sMBE6fQyOoTppfB/qOVzFspZFwfZ8skkjjTYAjtgD1jgEJTBGaiAKiDgDjyAJ/Bs3BuPxovxOm5NGZOZTfCjjLdPYcGaEg==</latexit><latexit sha1_base64="93vwYwEXVl4MUZLMW829oqhPh7s=">AAACCnicdZDLSgMxFIYz9VbrbdSlm2gR3FgyRWq7EKpuXLioYi/QjkMmTdvYzIUkI5Shaze+ihsXirj1Cdz5NmZ6ERU9EPj4/3M4Ob8bciYVQh9GamZ2bn4hvZhZWl5ZXTPXN2oyiAShVRLwQDRcLClnPq0qpjhthIJiz+W07vZPE79+S4VkgX+lBiG1Pdz1WYcRrLTkmNs313HLi4bOMTyCU76E+1987phZlEO6CgWYgFVEloZSqZjPl6A1shDKgklVHPO91Q5I5FFfEY6lbFooVHaMhWKE02GmFUkaYtLHXdrU6GOPSjsenTKEu1ppw04g9PMVHKnfJ2LsSTnwXN3pYdWTv71E/MtrRqpTtGPmh5GiPhkv6kQcqgAmucA2E5QoPtCAiWD6r5D0sMBE6fQyOoTppfB/qOVzFspZFwfZ8skkjjTYAjtgD1jgEJTBGaiAKiDgDjyAJ/Bs3BuPxovxOm5NGZOZTfCjjLdPYcGaEg==</latexit><latexit sha1_base64="93vwYwEXVl4MUZLMW829oqhPh7s=">AAACCnicdZDLSgMxFIYz9VbrbdSlm2gR3FgyRWq7EKpuXLioYi/QjkMmTdvYzIUkI5Shaze+ihsXirj1Cdz5NmZ6ERU9EPj4/3M4Ob8bciYVQh9GamZ2bn4hvZhZWl5ZXTPXN2oyiAShVRLwQDRcLClnPq0qpjhthIJiz+W07vZPE79+S4VkgX+lBiG1Pdz1WYcRrLTkmNs313HLi4bOMTyCU76E+1987phZlEO6CgWYgFVEloZSqZjPl6A1shDKgklVHPO91Q5I5FFfEY6lbFooVHaMhWKE02GmFUkaYtLHXdrU6GOPSjsenTKEu1ppw04g9PMVHKnfJ2LsSTnwXN3pYdWTv71E/MtrRqpTtGPmh5GiPhkv6kQcqgAmucA2E5QoPtCAiWD6r5D0sMBE6fQyOoTppfB/qOVzFspZFwfZ8skkjjTYAjtgD1jgEJTBGaiAKiDgDjyAJ/Bs3BuPxovxOm5NGZOZTfCjjLdPYcGaEg==</latexit><latexit sha1_base64="93vwYwEXVl4MUZLMW829oqhPh7s=">AAACCnicdZDLSgMxFIYz9VbrbdSlm2gR3FgyRWq7EKpuXLioYi/QjkMmTdvYzIUkI5Shaze+ihsXirj1Cdz5NmZ6ERU9EPj4/3M4Ob8bciYVQh9GamZ2bn4hvZhZWl5ZXTPXN2oyiAShVRLwQDRcLClnPq0qpjhthIJiz+W07vZPE79+S4VkgX+lBiG1Pdz1WYcRrLTkmNs313HLi4bOMTyCU76E+1987phZlEO6CgWYgFVEloZSqZjPl6A1shDKgklVHPO91Q5I5FFfEY6lbFooVHaMhWKE02GmFUkaYtLHXdrU6GOPSjsenTKEu1ppw04g9PMVHKnfJ2LsSTnwXN3pYdWTv71E/MtrRqpTtGPmh5GiPhkv6kQcqgAmucA2E5QoPtCAiWD6r5D0sMBE6fQyOoTppfB/qOVzFspZFwfZ8skkjjTYAjtgD1jgEJTBGaiAKiDgDjyAJ/Bs3BuPxovxOm5NGZOZTfCjjLdPYcGaEg==</latexit>

j µ
V = j µ

R + j µ
L

<latexit sha1_base64="hjktWMIeG81iO0Qkh1huUpUoQRk=">AAACCnicdZDLSgMxFIYzXmu9jbp0Ey2CIJRMkdouhKIbFy6q2Au045BJM21s5kKSEcrQtRtfxY0LRdz6BO58GzO9iIoeCHz8/zmcnN+NOJMKoQ9jZnZufmExs5RdXlldWzc3NusyjAWhNRLyUDRdLClnAa0ppjhtRoJi3+W04fZPU79xS4VkYXClBhG1fdwNmMcIVlpyzJ2b66Ttx0OnDo/hlC/hwRefO2YO5ZGuYhGmYJWQpaFcLhUKZWiNLIRyYFJVx3xvd0IS+zRQhGMpWxaKlJ1goRjhdJhtx5JGmPRxl7Y0Btin0k5GpwzhnlY60AuFfoGCI/X7RIJ9KQe+qzt9rHryt5eKf3mtWHklO2FBFCsakPEiL+ZQhTDNBXaYoETxgQZMBNN/haSHBSZKp5fVIUwvhf9DvZC3UN66OMxVTiZxZMA22AX7wAJHoALOQBXUAAF34AE8gWfj3ng0XozXceuMMZnZAj/KePsEgHGaJQ==</latexit><latexit sha1_base64="hjktWMIeG81iO0Qkh1huUpUoQRk=">AAACCnicdZDLSgMxFIYzXmu9jbp0Ey2CIJRMkdouhKIbFy6q2Au045BJM21s5kKSEcrQtRtfxY0LRdz6BO58GzO9iIoeCHz8/zmcnN+NOJMKoQ9jZnZufmExs5RdXlldWzc3NusyjAWhNRLyUDRdLClnAa0ppjhtRoJi3+W04fZPU79xS4VkYXClBhG1fdwNmMcIVlpyzJ2b66Ttx0OnDo/hlC/hwRefO2YO5ZGuYhGmYJWQpaFcLhUKZWiNLIRyYFJVx3xvd0IS+zRQhGMpWxaKlJ1goRjhdJhtx5JGmPRxl7Y0Btin0k5GpwzhnlY60AuFfoGCI/X7RIJ9KQe+qzt9rHryt5eKf3mtWHklO2FBFCsakPEiL+ZQhTDNBXaYoETxgQZMBNN/haSHBSZKp5fVIUwvhf9DvZC3UN66OMxVTiZxZMA22AX7wAJHoALOQBXUAAF34AE8gWfj3ng0XozXceuMMZnZAj/KePsEgHGaJQ==</latexit><latexit sha1_base64="hjktWMIeG81iO0Qkh1huUpUoQRk=">AAACCnicdZDLSgMxFIYzXmu9jbp0Ey2CIJRMkdouhKIbFy6q2Au045BJM21s5kKSEcrQtRtfxY0LRdz6BO58GzO9iIoeCHz8/zmcnN+NOJMKoQ9jZnZufmExs5RdXlldWzc3NusyjAWhNRLyUDRdLClnAa0ppjhtRoJi3+W04fZPU79xS4VkYXClBhG1fdwNmMcIVlpyzJ2b66Ttx0OnDo/hlC/hwRefO2YO5ZGuYhGmYJWQpaFcLhUKZWiNLIRyYFJVx3xvd0IS+zRQhGMpWxaKlJ1goRjhdJhtx5JGmPRxl7Y0Btin0k5GpwzhnlY60AuFfoGCI/X7RIJ9KQe+qzt9rHryt5eKf3mtWHklO2FBFCsakPEiL+ZQhTDNBXaYoETxgQZMBNN/haSHBSZKp5fVIUwvhf9DvZC3UN66OMxVTiZxZMA22AX7wAJHoALOQBXUAAF34AE8gWfj3ng0XozXceuMMZnZAj/KePsEgHGaJQ==</latexit><latexit sha1_base64="hjktWMIeG81iO0Qkh1huUpUoQRk=">AAACCnicdZDLSgMxFIYzXmu9jbp0Ey2CIJRMkdouhKIbFy6q2Au045BJM21s5kKSEcrQtRtfxY0LRdz6BO58GzO9iIoeCHz8/zmcnN+NOJMKoQ9jZnZufmExs5RdXlldWzc3NusyjAWhNRLyUDRdLClnAa0ppjhtRoJi3+W04fZPU79xS4VkYXClBhG1fdwNmMcIVlpyzJ2b66Ttx0OnDo/hlC/hwRefO2YO5ZGuYhGmYJWQpaFcLhUKZWiNLIRyYFJVx3xvd0IS+zRQhGMpWxaKlJ1goRjhdJhtx5JGmPRxl7Y0Btin0k5GpwzhnlY60AuFfoGCI/X7RIJ9KQe+qzt9rHryt5eKf3mtWHklO2FBFCsakPEiL+ZQhTDNBXaYoETxgQZMBNN/haSHBSZKp5fVIUwvhf9DvZC3UN66OMxVTiZxZMA22AX7wAJHoALOQBXUAAF34AE8gWfj3ng0XozXceuMMZnZAj/KePsEgHGaJQ==</latexit>

j aµ
V = øQ! µ taQ j aµ

A = øQ! µ ! 5taQ
<latexit sha1_base64="hmRYvTYk4F+z4bdcbvgPetnQYbw="></latexit><latexit sha1_base64="hmRYvTYk4F+z4bdcbvgPetnQYbw="></latexit><latexit sha1_base64="hmRYvTYk4F+z4bdcbvgPetnQYbw="></latexit><latexit sha1_base64="hmRYvTYk4F+z4bdcbvgPetnQYbw="></latexit>}

<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

{
<latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit>

j µ
V = øQ! µ Q j µ

A = øQ! µ ! 5Q
<latexit sha1_base64="SxVknpHuzqgBFIPjN4os33Y+VQw="></latexit><latexit sha1_base64="SxVknpHuzqgBFIPjN4os33Y+VQw="></latexit><latexit sha1_base64="SxVknpHuzqgBFIPjN4os33Y+VQw="></latexit><latexit sha1_base64="SxVknpHuzqgBFIPjN4os33Y+VQw="></latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Vector currents Axial currents

j µ
V

<latexit sha1_base64="ntno4WaotxdEqFPVUgyOg8x70PM=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBfuB7VqyabaNZrNLkhXK0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPz/FhwbTD+cHJLyyura/n1wsbm1vZOcXevraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB3/7jzzO/dMaR7JKzOJmReSkeQBp8RY6fr2Ju2HyXTQRoNiCZexRbWKMuLWsGtJvV6rVOrInVkYl2CB5qD43h9GNAmZNFQQrXsujo2XEmU4FWxa6CeaxYTekRHrWSpJyLSXzi6eoiOrDFEQKVvSoJn6fSIlodaT0LedITFj/dvLxL+8XmKCmpdyGSeGSTpfFCQCmQhl76MhV4waMbGEUMXtrYiOiSLU2JAKNoSvT9H/pF0pu7jsXp6UGmeLOPJwAIdwDC6cQgMuoAktoCDhAZ7g2dHOo/PivM5bc85iZh9+wHn7BLLOkO4=</latexit><latexit sha1_base64="ntno4WaotxdEqFPVUgyOg8x70PM=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBfuB7VqyabaNZrNLkhXK0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPz/FhwbTD+cHJLyyura/n1wsbm1vZOcXevraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB3/7jzzO/dMaR7JKzOJmReSkeQBp8RY6fr2Ju2HyXTQRoNiCZexRbWKMuLWsGtJvV6rVOrInVkYl2CB5qD43h9GNAmZNFQQrXsujo2XEmU4FWxa6CeaxYTekRHrWSpJyLSXzi6eoiOrDFEQKVvSoJn6fSIlodaT0LedITFj/dvLxL+8XmKCmpdyGSeGSTpfFCQCmQhl76MhV4waMbGEUMXtrYiOiSLU2JAKNoSvT9H/pF0pu7jsXp6UGmeLOPJwAIdwDC6cQgMuoAktoCDhAZ7g2dHOo/PivM5bc85iZh9+wHn7BLLOkO4=</latexit><latexit sha1_base64="ntno4WaotxdEqFPVUgyOg8x70PM=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBfuB7VqyabaNZrNLkhXK0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPz/FhwbTD+cHJLyyura/n1wsbm1vZOcXevraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB3/7jzzO/dMaR7JKzOJmReSkeQBp8RY6fr2Ju2HyXTQRoNiCZexRbWKMuLWsGtJvV6rVOrInVkYl2CB5qD43h9GNAmZNFQQrXsujo2XEmU4FWxa6CeaxYTekRHrWSpJyLSXzi6eoiOrDFEQKVvSoJn6fSIlodaT0LedITFj/dvLxL+8XmKCmpdyGSeGSTpfFCQCmQhl76MhV4waMbGEUMXtrYiOiSLU2JAKNoSvT9H/pF0pu7jsXp6UGmeLOPJwAIdwDC6cQgMuoAktoCDhAZ7g2dHOo/PivM5bc85iZh9+wHn7BLLOkO4=</latexit><latexit sha1_base64="ntno4WaotxdEqFPVUgyOg8x70PM=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBfuB7VqyabaNZrNLkhXK0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPz/FhwbTD+cHJLyyura/n1wsbm1vZOcXevraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB3/7jzzO/dMaR7JKzOJmReSkeQBp8RY6fr2Ju2HyXTQRoNiCZexRbWKMuLWsGtJvV6rVOrInVkYl2CB5qD43h9GNAmZNFQQrXsujo2XEmU4FWxa6CeaxYTekRHrWSpJyLSXzi6eoiOrDFEQKVvSoJn6fSIlodaT0LedITFj/dvLxL+8XmKCmpdyGSeGSTpfFCQCmQhl76MhV4waMbGEUMXtrYiOiSLU2JAKNoSvT9H/pF0pu7jsXp6UGmeLOPJwAIdwDC6cQgMuoAktoCDhAZ7g2dHOo/PivM5bc85iZh9+wHn7BLLOkO4=</latexit>

E.g.  is the current associated to the conservation of baryon number
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Spontaneous Chiral Symmetry Breaking

Non zero expectation value of the operator

⟨Q̄Q⟩ = ⟨Q̄RQL⟩ + h . c .

  spontaneously  breaks chiral symmetry at some scale Λ! SB ≃ 1 GeV

SU(2)L × SU(2)R → SU(2)V ⇒ 3 Nambu Goldstone Bosons " ±, " 0

m" ≠ 0  since  chiral symmetry is explicitly broken by mq ≠ 0

 They are pseudo-NGBs⇒

But still m" ≪ Λ! SB  describe a low energy theory of the pNGBs below ⇒ Λ! SB
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The Low Energy Theory

Is a theory describing the interactions of the pNGBs.  

How do we write the theory ? 

1. It should be invariant under  transformationsSU(2)L × SU(2)R

2. The pNGBs should transform with the broken  generators. I.e. the generators of   SU(2)A

 since they rotate the ground state continuously through the degenerate vacua!  

Remembering the  exampleU(1) Chosen ground state

States with same energy of GS
 reached by rotation from the GS
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The Low Energy Theory

DeÞne the Þeld  transforming under the chiral symmetry  asΣ(x) SU(2)L × SU(2)R

Σ(x) → L Σ(x) R†

R = ei#a
Rta

L = ei#a
Lta

 with  and 

The Ground State (or vacuum) is written as

! ! " = f
!

1 0
0 1

"
# ! 0

<latexit sha1_base64="PDewAQp05cvQHYG5v9vxBdxyaLY="></latexit>

 where        is an energy scalef
<latexit sha1_base64="Y7Zm80gVuw1cu7thlxWDyVHK0nM=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPaWrLpbBuazS5JVilL/4cXD4p49b9489+YbvegrQ8GHu/NZDLPjwXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74Zua3HlFpHsl7M4mxF9Kh5AFn1FjpoZu9kPoiwSkJ+qWyW3EzkGXi5aQMOer90ld3ELEkRGmYoFp3PDc2vZQqw5nAabGbaIwpG9MhdiyVNETdS7OdU3JqlQEJImVLGpKpvydSGmo9CX3bGVIz0oveTPzP6yQmuOqlXMaJQcnmi4JEEBORWQRkwBUyIyaWUKa4/SthI6ooMzaoog3BWzx5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWCg4Ble4c15cl6cd+dj3rri5DNH8AfO5w/AF5Kr</latexit>

We can check that  is indeed invariant under the unbroken group Σ0 SU(2)V

For this, we set   so that #2
L = #a

R ⇒ L = R
! 0! L ! 0 L   = ! 0

<latexit sha1_base64="OcUy+SJ+pVyFFbLOxjdzkDrKlAY="></latexit>
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The Low Energy Theory

On the other hand, acting on the vacuum with the broken generators ↵a
L= �↵a

R
<latexit sha1_base64="VQ7vepTFmOSNgWSiF6/ZISEx4fs="></latexit>

! 0! L ! 0 L = e2i ! a
L t öa

! 0
<latexit sha1_base64="NvvDk9drtJ5rrWrcdBnoFEfwgs4="></latexit>

e.g. vacuum not invariant under SU(2)A!
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

To reach the pNGB states we just rotate the vacuum substituting them for the 's#a
L

e2i
⇡a(x)

f tâ ⌃0 = fe2i
⇡a(x)

f tâ

<latexit sha1_base64="g4yxxFwjjW+mi5sgY0JTXPSv52s="></latexit>

Finally, we allow for a ßuctuation of the vacuum. I.e. f ! f + ! (x)
<latexit sha1_base64="Tp6GsRAdCiyaW06eClL4T9aySJ4="></latexit>

! (x) = ( f + �(x)) e2i
⇡a(x)

f tâ

<latexit sha1_base64="6gxwiUS+Q2qwja4aCYY3FEakOt0="></latexit>
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The Low Energy Theory

Under  we have . So SU(2)V L = R (#a
L = #a

R)

⌃(x)! L ⌃(x) L
<latexit sha1_base64="3CweQSFj/Ryc+GXXHme2ctAch9k="></latexit>

= (1+ i ! a
L ta+ á á á) (1+ 2i

" b(x)
f

tb+ á á á) (1! i ! c
L tc+ á á á)

<latexit sha1_base64="9pdfVBXO+xbd8/LsfDkrYJq0OZE="></latexit>

So the pions transform linearly under :SU(2)V

On the other hand, under the broken  we have , leading to SU(2)A L = R† (#a
L = − #a

R)

⌃(x)!L ⌃(x) L†
<latexit sha1_base64="2CYBForEK+ZdFHQ21pfZV1yi438="></latexit>

! a!
(x) = M ab ! b(x)

<latexit sha1_base64="I6ovO+1N1QeWGH9s/5r+hey5uEU="></latexit>

 with M ab = f ! c
L f acb

<latexit sha1_base64="mgX1ohNUWB7VbdVYxdaLlQXj7gw="></latexit>

⇒ ! a!
(x) = ! a(x) + f " b

L tb
<latexit sha1_base64="G9/95PV+wLvcT7abNFN2A+HGm0Q="></latexit>

This is shift symmetry  ⇒

NGBs shift by a constant

m⇡ = 0
<latexit sha1_base64="UHjs6hyH2eGJXD39Migb8CKwaRc=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuwiS2tl0IRTcuK9gHpKFMppN26EwSZiZCCf0MNy4UcevXuPNvnLQVVPTAhcM593LvPUHCmdIIfVgrq2vrG5uFreL2zu7efungsKPiVBLaJjGPZS/AinIW0bZmmtNeIikWAafdYHKd+917KhWLozs9Tagv8ChiISNYG8kTg6yfsBm8hGhQKiPbraJGrQ6RXUVOo+IaglC9cYGgY0iOMliiNSi994cxSQWNNOFYKc9BifYzLDUjnM6K/VTRBJMJHlHP0AgLqvxsfvIMnhplCMNYmoo0nKvfJzIslJqKwHQKrMfqt5eLf3leqsO6n7EoSTWNyGJRmHKoY5j/D4dMUqL51BBMJDO3QjLGEhNtUiqaEL4+hf+Tjms757Z7Wyk3r5ZxFMAxOAFnwAE10AQ3oAXagIAYPIAn8Gxp69F6sV4XrSvWcuYI/ID19gmtK5Dd</latexit>
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The Lagrangian of the Low Energy Theory

 is invariant under the   given thatSU(2)L × SU(2)R ! (x)! L ! (x) R 
<latexit sha1_base64="acY7uo2RDWUtyE5Xvu4qK7tUxEM="></latexit>

L =
1
4

Tr
!
! µ !   ! µ !

"
!

m2

4
Tr

!
!   !

"
!

"
16

Tr
!
!   !

"2

<latexit sha1_base64="1UFX1BMoU04bNlRvxwKnIfhBQmw="></latexit>

! (x) = ( f + �(x)) e2i
⇡a(x)

f tâ

<latexit sha1_base64="6gxwiUS+Q2qwja4aCYY3FEakOt0="></latexit>

Using

"We can see that m" = 0
" In terms of the Þelds  and  the  is now$(x) " a(x) ℒ

L =
1
2

! µ "! µ " ! m2" 2 ! #f " 3 !
#
4

" 4

<latexit sha1_base64="nftti5Sn/ehXlw9XaSgLAxIpo/A="></latexit>

From here  +derivative interactions of pions
1
2

∂%"
a∂%" a

+
(f + ! (x))2

4
Tr

!
" µ e2i ! a ( x )

f t a

" µ e�2i ! b ( x )
f t b

"

<latexit sha1_base64="xh2L0VdkW9XZRhiLLlCKP/8pQcw="></latexit>

m$ = 2 m = 2&f
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Validity of the Low Energy Theory

The low energy theory of the hadrons  and  breaks down at some cuto! scale " ±, " 0 $ Λ
How to estimate the cuto! scale Λ NDA for  " " → " "

1
f

1
f

1
f

1
f

∼ f2 ×
p2

f4
∼

p2

f 2

k

p − k

∼ ∫
d4k

(2" )4

p2k2

f4

1
k4

=
p2

f4

Λ2

16" 2
=

p2

f 2
×

Λ2

16" 2f 2

vs. 

Low energy Theory stops being valid when loops are of the same size of tree level: 

 when⇒ ⇤ ' 4⇡f
<latexit sha1_base64="Yanir8eBCuY+aUsghHMCxycFj0I="></latexit>
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Validity of the Low Energy Theory

Λ ≃ 4" f

f

E

m" ≃ 0

$(x)

" 1(x), " 2(x), " 3(x)

Other heavy resonances

New UV Theory (QCD)

f ≃ 100 MeV

In QCD 

Λ ≃ 1 GeV

⇒ & large

Γ$ ≃ M$

m$ ≃ 800 MeV ≃ Λ

m" ≃ 140 MeV ≪ Λ
In QCD  is broad/strongly coupled. ÒLivesÓ at the cuto! of the LET. But pNGBs remain light. $
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First Attempt at a Composite Higgs: Technicolor 

Scale up QCD: 
f → v ≃ 246 GeV
$(x) → h(x)

UV completion: above few TeV, techni-QCD (techni-quarks, techni-gluons, etc.)  Λ ≃

Many (fatal) problems. But one obvious one: it predicts 

"A very large mh ≃ Λ
"A strongly coupled electroweak sector. E.g. 

W±
L W±

L → W±
L W±

L has a growing cross section (absence of Higgs !) 

X

X

"Violates constraints from Electroweak Precision Observables (LEP and beyond)

"Violates ßavor constraints

X

X
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Composite Higgs Models

How to account for 

mh ! ! SM
<latexit sha1_base64="NBNI5nP1tl4JDAzeTcYnw5+T0N8=">AAACAnicdVBLSwMxGMzWV62vqifxEiyCpyVbrLa3ohcPChVtLXTLks1m29Bkd0myQlmKF/+KFw+KePVXePPfmD4EFR0IGWa+IfnGTzhTGqEPKzc3v7C4lF8urKyurW8UN7daKk4loU0S81i2fawoZxFtaqY5bSeSYuFzeuMPTsf+zS2VisXRtR4mtCtwL2IhI1gbySvuCK8PXc6he25CAfYyVwp4dTGCXrGEbFSuVlANIrtsrnLFkApyakc16NhoghKYoeEV390gJqmgkSYcK9VxUKK7GZaaEU5HBTdVNMFkgHu0Y2iEBVXdbLLCCO4bJYBhLM2JNJyo3xMZFkoNhW8mBdZ99dsbi395nVSH1W7GoiTVNCLTh8KUQx3DcR8wYJISzYeGYCKZ+SskfSwx0aa1ginha1P4P2mVbQfZzuVhqX4yqyMPdsEeOAAOOAZ1cAYaoAkIuAMP4Ak8W/fWo/VivU5Hc9Yssw1+wHr7BDBGlqk=</latexit><latexit sha1_base64="NBNI5nP1tl4JDAzeTcYnw5+T0N8=">AAACAnicdVBLSwMxGMzWV62vqifxEiyCpyVbrLa3ohcPChVtLXTLks1m29Bkd0myQlmKF/+KFw+KePVXePPfmD4EFR0IGWa+IfnGTzhTGqEPKzc3v7C4lF8urKyurW8UN7daKk4loU0S81i2fawoZxFtaqY5bSeSYuFzeuMPTsf+zS2VisXRtR4mtCtwL2IhI1gbySvuCK8PXc6he25CAfYyVwp4dTGCXrGEbFSuVlANIrtsrnLFkApyakc16NhoghKYoeEV390gJqmgkSYcK9VxUKK7GZaaEU5HBTdVNMFkgHu0Y2iEBVXdbLLCCO4bJYBhLM2JNJyo3xMZFkoNhW8mBdZ99dsbi395nVSH1W7GoiTVNCLTh8KUQx3DcR8wYJISzYeGYCKZ+SskfSwx0aa1ginha1P4P2mVbQfZzuVhqX4yqyMPdsEeOAAOOAZ1cAYaoAkIuAMP4Ak8W/fWo/VivU5Hc9Yssw1+wHr7BDBGlqk=</latexit><latexit sha1_base64="NBNI5nP1tl4JDAzeTcYnw5+T0N8=">AAACAnicdVBLSwMxGMzWV62vqifxEiyCpyVbrLa3ohcPChVtLXTLks1m29Bkd0myQlmKF/+KFw+KePVXePPfmD4EFR0IGWa+IfnGTzhTGqEPKzc3v7C4lF8urKyurW8UN7daKk4loU0S81i2fawoZxFtaqY5bSeSYuFzeuMPTsf+zS2VisXRtR4mtCtwL2IhI1gbySvuCK8PXc6he25CAfYyVwp4dTGCXrGEbFSuVlANIrtsrnLFkApyakc16NhoghKYoeEV390gJqmgkSYcK9VxUKK7GZaaEU5HBTdVNMFkgHu0Y2iEBVXdbLLCCO4bJYBhLM2JNJyo3xMZFkoNhW8mBdZ99dsbi395nVSH1W7GoiTVNCLTh8KUQx3DcR8wYJISzYeGYCKZ+SskfSwx0aa1ginha1P4P2mVbQfZzuVhqX4yqyMPdsEeOAAOOAZ1cAYaoAkIuAMP4Ak8W/fWo/VivU5Hc9Yssw1+wHr7BDBGlqk=</latexit>

Make the Higgs like the  in low energy QCD" (x) ⇒   is a (pseudo) Nambu Goldstone Bosonh(x)

In the case of low energy QCD we had the spontaneous breaking of a global symmetry  

SU(2)L ⇥ SU(2)R!SU(2)V
<latexit sha1_base64="0BwZjED8hYBLuAG5He5JGX0xj7k="></latexit><latexit sha1_base64="0BwZjED8hYBLuAG5He5JGX0xj7k="></latexit><latexit sha1_base64="0BwZjED8hYBLuAG5He5JGX0xj7k="></latexit><latexit sha1_base64="0BwZjED8hYBLuAG5He5JGX0xj7k="></latexit>

 3 NGBs ⇒ " ±, " 0

Here we need SSB of a global symmetry  G → H  4 NGBs  ⇒ h1, h2, h3, h4

 where  the NGBs are the real scalar Þelds composing the  Higgs doublet SU(2)L

H =
1p
2

✓
h
1 + ih

2

h
3 + ih

4

◆

<latexit sha1_base64="QlMt0zCwMXexpsfiaTa3M+v/GLI="></latexit>
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Composite Higgs Models

f ≃ O(1) TeV

Λ ≃ 4" f

f

mh, v

Λ > 10 TeV∼

Vector and Fermion  resonances

UV completion

 in the limit of unbroken global  symmetry. Is a NGB. mh = 0 G
But G is explicitly broken by the gauging of  and by Yukawas SU(2)L × U(1)Y ⊂ G

  generated by loops from SM and resonancesmh mh ≃
f

4"⇒
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The Minimal Composite Higgs Model

G

H
EW

G → H SSB of global symmetry  4 NGBs⇒

EW = SU(2)L × U(1)Y Is a gauged subgroup of  and G H

 induces explicit  breaking of   EW G ⇒ mh ≠ 0

Take , G = SO(5) H = SO(4) SO(5)  has   
5(5 − 1)

2
= 10 SO(4)  has   generators 

4(4 − 1)
2

= 6

So   SSB at the scale    4 NGBs to make up the Higgs doubletSO(5) → SO(4) f ⇒

SO(4) ∼ SU(2) × SU(2) from which we gauge SU(2)L × U(1)Y

Contains the global   : custodial symmetry of the SM. Necessary to keep SU(2)C ' ≃ 1

Minimal breaking pattern that has 
Custodial symmetry 

4 NGBs (and only 4)
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The Minimal Composite Higgs Model

ℒ =
1
2

∂%ΣT∂%Σ −
g2

*

8 ( ΣTΣ−f2)
2

The  invariant LagrangianSO(5)

⇒ ⟨Σ⟩ ≡ Σ0 =

!

"
"
"
"
#

0
0
0
0
f

$

%
%
%
%
&

<latexit sha1_base64="E7vA9G3S6ZI+tO+QscN+TLjuq0I="></latexit>

Σ(x) = eihâ(x)tâ / f

!

"
"
"
"
#

0
0
0
0

f + ! (x)

$

%
%
%
%
&

<latexit sha1_base64="ox8NGo6C9+IjmBDb3rbNmdy/Rrs="></latexit>

 with  â = 1,2,3,4  and  the broken generators.tâ

Replace  by the  covariant derivatives   explicit  breaking generates ∂% SU(2)L × U(1)Y D%⇒ SO(5) V(H†H)

  Symmetry Breaking → EW ⟨h3⟩ ≠ 0

 and 
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Phenomenology of the Minimal Composite Higgs  

We can rewrite sin(h/f )
h

!

"
"
"
"
#

h1

h2

h3

h4

h cot(h/ f )

$

%
%
%
%
&

<latexit sha1_base64="HO7eqIztTBHK2ZON7pplBQOK75c="></latexit>

Σ(x) = h ≡ hâhâ where 

ℒMW,MZ
=

g2 f2

4
sin2 ⟨h⟩

f {
W+

%W−%+
1

2 cos2 (W
Z%Z

%

}
⇒ ' =

M2
W

M2
Z cos2 (W

= 1

sin
(

⟨h⟩
f )

=
v
f

So ⟨h⟩ ≠ v = 246 GeVAnd  we see that 
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Phenomenology of the Minimal Composite Higgs  

ℒ ⊃
(

) %* +
q%q*

q2 )
1
2

f2

4
sin2 h(x)

f { 2W+
%W−

* + A3
%A3

* + B%B* − 2A3
%B*}

The couplings of the Higgs to gauge bosons are given by

Replacing  by h(x) h(x) + v   and deÞning    we can expand+ ≡
v2

f 2

f2 sin2 h(x)
f

→ v2 + 2v2 1 − +h(x) + (1 + 2+) h2(x) + ⋯

gVVh = 1 − +gSM
VVh

gVVhh = (1 + 2+) gSM
VVhh

⇒ }Higgs couplings to gauge bosons modiÞed

ModiÞcations depend on the CHM chosen 
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Phenomenology of the MCHM: Fermions  

Higgs boson is composite. How are Yukawa couplings generated ?

"Elementary fermion mix with the composite sector linearly. For instance, for the top quark 

=
! t L

! dL ! 5/ 2
øqL OL +

! t R

! dR ! 5/ 2
øtR OR

<latexit sha1_base64="mGH4C9z632yoRwNDQc0fw6xaEOc="></latexit>

with OL and OR
<latexit sha1_base64="qT59sz9OHjOEenyWyDXBfaEsJVs="></latexit>

 fermionic composite operators of dimensions  and .dL dR

"At energies   mixings of fermions with composite sector is smaller if ∼ f dL, dR > 5/2.

qL ΨQL

= &tL f =
&tL

g*
m*

tR ΨR
= &tR f =

&tR

g*
m*

"Fermions mix with fermionic resonances  and  with mass ΨQL
ΨR ≃ m* = g* f

and the quantum numbers of  and  𝒪L 𝒪R
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Phenomenology of the MCHM: Fermions  

qL

yt = g*
ΨQL

ΨR

tR

≃
&tL

g*

&tR

g*
g* =

&tL &tR

g*

"Yukawa hierarchies can be accommodated easily just by choosing the Õs to be  for the light fermions& ≪ g*

"FCNC are avoided since they are generated by 4 (light)  fermion operators involving 4 factors of small 's&

"For the top quark, . the top quark is signiÞcantly composite.dL, dR ≃ 5/2 yt ≃ 1 ⇒

yt

ySM
t

= 1 −
+

2
"Finally coming exclusively from the Higgs compositeness
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Experimental Bounds on the MCHM 
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Figure 4.1: Results of �2 analysis for Run 1 and Run 1 + Run 2 datasets are shown in the left and right
panels, respectively. Solid black line represents! �2 = �2 ! �2

min for the extended models, while the red dashed
lines represents the same forMCHM 5L ! 5R . Green and yellow regions denote the allowed range for⇠ at 68%
and 95% CL, respectively.

The e" ective Lagrangian given in Eq. (3.2), which corresponds to SO(5)/ SO(4) coset, have three inde-
pendent parameters⇠, ! t and �t . Using this parametrization we calculate the Higgs signal strengths
in various Þnal states normalized to their SM values. These are then compared with the data using
the �2 Þt. The minimum value of the �2 and corresponding best-Þt values of the parameters in the
extended models are given below.

¥ Run 1 :
�2

min = 1 .92, ! t = ! 0.31, �t = 0 .10, ⇠ = 0 .13 , (4.1)

¥ Run 1 + Run 2 :
�2

min = 18.85, ! t = ! 0.06, �t = 0 .02, ⇠ = 0 .05 . (4.2)

This may be compared with a similar Þt obtained for the MCHM5L ! 5R with only one free parameter
⇠. The best-Þt values are given by

¥ Run 1 :
�2

min = 3 .43, ⇠ = 0 .007 , (4.3)

¥ Run 1 + Run 2 :
�2

min = 19.72, ⇠ = 0 .00 . (4.4)

In Figs. 4.1 we plot ! �2 as a function of ⇠, corresponding to our e" ective Lagrangian Eq. (3.2),
with all other parameters Þxed to their best-Þt values. For comparison, we also show the curve for
MCHM 5L ! 5R , and our results agree with [44] wherever we overlap. For the extended models, we
obtain a lower bound f " 465 GeV at 95% CL from Run 1 data only. This should be compared with
f " 780 GeV at 95% CL for MCHM5L ! 5R . The relaxation of the bounds onf for the extended models

10

Bounds depend heavily on choice of  the 

 fermion representations to embed in SO(5)
A. Banerjee et al., 1712.07494

f > 780 GeV

f > 640 GeV

 for the embedding in the  of   5′ s SO(5)

  for embeddings in higher representations. 
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Phenomenology of the MCHM  

The hierarchy problem: vector and fermion resonances are the partners  that cancel UV sensitivity of  mh

≃
g2

16" 2
Λ2 + ⋯ ≃ −

g2

16" 2
Λ2 + ⋯

+ = g2

16" 2
M2

R ln
(

Λ2

M2
R )

+ ⋯
E.g.

W± ' ±

hh

And similarly, with the fermion loops. The vector and fermion resonances tame the  .Λ2 → ln Λ

  MR ≃ g* f

Λ ≃ 4" f
But since{ g* ≪ 4"The cancellation is e#cient if  

This is an example of collective breaking: 

SO(5) × SO(5)′ → SO(5)V

 gauge SU(2)L × SU(2)R

⇒ 10 NGBs

⇒ 4 NGBs, 6  resonances {
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The Twin Higgs Model

We start with 
<latexit sha1_base64="THnqpSunAKA5tyjq/gCVF/Lmqaw=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ8+QxOQW9JJjBLNAMoSeTk/SpGexu0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPTwRXGuMPa219Y3NrO7eT393bPzgsHB23VZxKylo0FrHs+kQxwSPW0lwL1k0kI6EvWMefXM/9zj2TisfRrZ4mzAvJKOIBp0QbqZv1KRGoMRsUitjGbrVcchG23TKuOTVDytipVUrIsfECRVihOSi894cxTUMWaSqIUj0HJ9rLiNScCjbL91PFEkInZMR6hkYkZMrLFvfO0LlRhiiIpalIo4X6fSIjoVLT0DedIdFj9dubi395vVQHVS/jUZJqFtHloiAVSMdo/jwacsmoFlNDCJXc3IromEhCtYkob0L4+hT9T9qu7VTsyk2pWL9axZGDUziDC3DgEurQgCa0gIKAB3iCZ+vOerRerNdl65q1mjmBH7DePgEXDpAJ</latexit>

H , a 4 of  global. The potentialSU(4)
<latexit sha1_base64="v9iFJgvoHgMANCOmT4IryL3ddys="></latexit>

V (H   H ) = ! m2(H   H)+ ! (H   H )2 causes 
<latexit sha1_base64="91TVi0PyjyYvVZMPKss27N3IdOg=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbB1ZApbW0XQtFNlxXsAzqlZNJMG5rJDElGKEPBjb/ixoUibv0Jd/6N6UNQ0QMXTs65l9x7/JgzpRH6sDIrq2vrG9nN3Nb2zu6evX/QUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57VsqFYvEjZ7EtBfioWABI1gbqW8feRyLIaepRzCH9akn5094AYO+nUcOKlRKxQJETqGEqm7VkBJyq+UidB00Rx4s0ejb794gIklIhSYcK9V1Uax7KZaaEU6nOS9RNMZkjIe0a6jAIVW9dH7DFJ4aZQCDSJoSGs7V7xMpDpWahL7pDLEeqd/eTPzL6yY6qPRSJuJEU0EWHwUJhzqCs0DggElKNJ8YgolkZldIRlhiok1sORPC16Xwf9IqOG7ZKV8X87XLZRxZcAxOwBlwwTmogTpogCYg4A48gCfwbN1bj9aL9bpozVjLmUPwA9bbJ4Iyl3U=</latexit>

!H " = f

  SSB ⇒ SU(4) → SU(3)  resulting in 7 NGBs

We gauge SU(2)A × SU(2)B ⊂ SU(4)

<latexit sha1_base64="o9SfH0463X82ZRgz/XkS7WPZzzk="></latexit>

H =
!

HA

HB

"

 and arrange 
<latexit sha1_base64="5B+JPB4ffwUsyiyF1HyU5nJpVJc=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCqyEztLXdFd10WcE+oDOUTJq2oZnMkGSEMnbhr7hxoYhbf8Odf2P6EFT0wIWTc+4l954w4UxphD6sldW19Y3N3FZ+e2d3b98+OGypOJWENknMY9kJsaKcCdrUTHPaSSTFUchpOxxfzfz2LZWKxeJGTxIaRHgo2IARrI3Us499jsWQ08wnmMP61JfzZ88uIAd5lVLRg8jxSqjqVg0pIbdaLkLXQXMUwBKNnv3u92OSRlRowrFSXRclOsiw1IxwOs37qaIJJmM8pF1DBY6oCrL5/lN4ZpQ+HMTSlNBwrn6fyHCk1CQKTWeE9Uj99mbiX1431YNKkDGRpJoKsvhokHKoYzgLA/aZpETziSGYSGZ2hWSEJSbaRJY3IXxdCv8nLc9xy075ulioXS7jyIETcArOgQsuQA3UQQM0AQF34AE8gWfr3nq0XqzXReuKtZw5Aj9gvX0Ccg6Wag==</latexit>

!H "  so that  remains massless at tree level.HA The gauge loops cause UV sensitivity in  
<latexit sha1_base64="i+6qcN2UlQp132UjnmrgXdxhV9M=">AAACBnicdVDLSgMxFM34rPU16lKEYBHqZsgMbW13RTddVrAP6Iwlk6ZtaOZBkhHK0JUbf8WNC0Xc+g3u/BvTF6jogQuHc+7l3nv8mDOpEPo0VlbX1jc2M1vZ7Z3dvX3z4LApo0QQ2iARj0Tbx5JyFtKGYorTdiwoDnxOW/7oauq37qiQLApv1DimXoAHIeszgpWWuuZJM5+6BHNYm9y6PTwYUAGXwjnsmjlkIadcLDgQWU4RVeyKJkVkV0oFaFtohhxYoN41P9xeRJKAhopwLGXHRrHyUiwUI5xOsm4iaYzJCA9oR9MQB1R66eyNCTzTSg/2I6ErVHCmfp9IcSDlOPB1Z4DVUP72puJfXidR/bKXsjBOFA3JfFE/4VBFcJoJ7DFBieJjTTARTN8KyRALTJROLqtDWH4K/ydNx7JLVum6kKteLuLIgGNwCvLABhegCmqgDhqAgHvwCJ7Bi/FgPBmvxtu8dcVYzByBHzDevwCtcJgD</latexit>

V (H   H )

If we impose an  symmetryA ↔ B

<latexit sha1_base64="FyUxqozOch/gQp3RY3rWsmj6ADY="></latexit>

V (H   H ) !
9

64! 2 { g2
A ! 2

A H  
A HA + g2

B ! 2
B H  

B HB }

gA = gB = g
ΛA = ΛB = Λ[ ] <latexit sha1_base64="fbyIL/8JRGuuWsD9BKX4H6sbHiw="></latexit>

V (H   H ) !
9

64! 2 g2! 2 H   H⇒
I.e. a  symmetryZ2
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The Twin Higgs Model
<latexit sha1_base64="fbyIL/8JRGuuWsD9BKX4H6sbHiw="></latexit>

V (H   H ) !
9

64! 2 g2! 2 H   HBut  is  invariant !    no contribution to  SU(4) ⇒ m2
h

<latexit sha1_base64="RjLh9UyIoqsHbw5HBtALDr24hnI="></latexit>

H = ei ! öa t öa /f

<latexit sha1_base64="8kEvKypQKxMo1f29ZjLBiW9uBDU="></latexit>!

"
"
#

0
0
0
f

$

%
%
&Since,  in terms of the NGBs, we have  

Once 3 of the NGBs are Òeaten" by  the remaining 4 are the SM Higgs doublet .W±
B , ZB HA

Mirror Twin Higgs: duplicate all the SM interactions as in SMA × SMB

SU(3)A × SU(2)A × U(1)A SU(3)B × SU(2)B × U(1)B×

Plus the Yukawas
<latexit sha1_base64="fJWVyaYgnb+3yV0Pfe7SGquoJsU="></latexit>

L Y = ! ! t A øqA HA tA + ! t B øqB HB tB + h .c.

<latexit sha1_base64="G7fryUdWLzG6nMwuXWWDwzjPTXU="></latexit>

V (H   H ) ! "
Nc

8! 2 { " 2
t A

! 2
A H  

A HA + " 2
t B

! 2
B H  

B HB }
<latexit sha1_base64="Wc21F22UowgEeInEn2Ir+BRvezE="></latexit>

Z2 ! V (H   H) " #
Nc

8! 2 g2! 2 H   H
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Phenomenology of the Twin Higgs Models
"All Higgs couplings  to SM particles suppressed by 

cos ( ≡ cos
(

v

2f )
  Bounds on   from measurements of Higgs couplings⇒ f

" Invisible Higgs width:  Higgs decays to Twin sector (B) particles

Br(h → SMB) < 18 %

Combination    ⇒ f

v
> 3.5∼

" Di#cult to see even at the HL-LHC . No SM color particles (only carry B color)

"But interesting playground  for Dark Matter model building/ Cosmology. 


