
Dark Showers Workshop, 21-23 January 2024

Flavoured emerging jets

Sophie Renner, University of Glasgow
1



SM Dark Sector

flavoured 
decays

d, s, b Q(d)
D , Q(s)

D , Q(b)
D

X

⇡(ij)
D , . . .

dark
confinement

confinement

⇡,K,B, . . .

induced flavour 
structure

↵iXd̄R,iQD,↵

↵i⇤
�j

M2
X

⇡↵�
D d̄i�µdj

↵id̄
i
RQ↵X

<latexit sha1_base64="PWmGCjH2GtjPgi0aue/sd7Cezs4=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyURQZcFN7prxT6gieFmMm2HTpJhZiKUkH9w46+4caGIWzfu/BunD0FbD1w4nHMv994TCM6Utu0vq7C0vLK6VlwvbWxube+Ud/daKkkloU2S8ER2AlCUs5g2NdOcdoSkEAWctoPh5dhv31OpWBLf6pGgXgT9mPUYAW0kv3ziDkEI8DMXuBgAZjl2A5BZmPs3dww3fowcd/xyxa7aE+BF4sxIBc1Q98ufbpiQNKKxJhyU6jq20F4GUjPCaV5yU0UFkCH0adfQGCKqvGzyU46PjBLiXiJNxRpP1N8TGURKjaLAdEagB2reG4v/ed1U9y68jMUi1TQm00W9lGOd4HFAOGSSEs1HhgCRzNyKyQAkEG1iLJkQnPmXF0nrtOrYVadxVqldz+IoogN0iI6Rg85RDV2hOmoigh7QE3pBr9aj9Wy9We/T1oI1m9lHf2B9fAPiop4o</latexit><latexit sha1_base64="PWmGCjH2GtjPgi0aue/sd7Cezs4=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyURQZcFN7prxT6gieFmMm2HTpJhZiKUkH9w46+4caGIWzfu/BunD0FbD1w4nHMv994TCM6Utu0vq7C0vLK6VlwvbWxube+Ud/daKkkloU2S8ER2AlCUs5g2NdOcdoSkEAWctoPh5dhv31OpWBLf6pGgXgT9mPUYAW0kv3ziDkEI8DMXuBgAZjl2A5BZmPs3dww3fowcd/xyxa7aE+BF4sxIBc1Q98ufbpiQNKKxJhyU6jq20F4GUjPCaV5yU0UFkCH0adfQGCKqvGzyU46PjBLiXiJNxRpP1N8TGURKjaLAdEagB2reG4v/ed1U9y68jMUi1TQm00W9lGOd4HFAOGSSEs1HhgCRzNyKyQAkEG1iLJkQnPmXF0nrtOrYVadxVqldz+IoogN0iI6Rg85RDV2hOmoigh7QE3pBr9aj9Wy9We/T1oI1m9lHf2B9fAPiop4o</latexit><latexit sha1_base64="PWmGCjH2GtjPgi0aue/sd7Cezs4=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyURQZcFN7prxT6gieFmMm2HTpJhZiKUkH9w46+4caGIWzfu/BunD0FbD1w4nHMv994TCM6Utu0vq7C0vLK6VlwvbWxube+Ud/daKkkloU2S8ER2AlCUs5g2NdOcdoSkEAWctoPh5dhv31OpWBLf6pGgXgT9mPUYAW0kv3ziDkEI8DMXuBgAZjl2A5BZmPs3dww3fowcd/xyxa7aE+BF4sxIBc1Q98ufbpiQNKKxJhyU6jq20F4GUjPCaV5yU0UFkCH0adfQGCKqvGzyU46PjBLiXiJNxRpP1N8TGURKjaLAdEagB2reG4v/ed1U9y68jMUi1TQm00W9lGOd4HFAOGSSEs1HhgCRzNyKyQAkEG1iLJkQnPmXF0nrtOrYVadxVqldz+IoogN0iI6Rg85RDV2hOmoigh7QE3pBr9aj9Wy9We/T1oI1m9lHf2B9fAPiop4o</latexit><latexit sha1_base64="PWmGCjH2GtjPgi0aue/sd7Cezs4=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyURQZcFN7prxT6gieFmMm2HTpJhZiKUkH9w46+4caGIWzfu/BunD0FbD1w4nHMv994TCM6Utu0vq7C0vLK6VlwvbWxube+Ud/daKkkloU2S8ER2AlCUs5g2NdOcdoSkEAWctoPh5dhv31OpWBLf6pGgXgT9mPUYAW0kv3ziDkEI8DMXuBgAZjl2A5BZmPs3dww3fowcd/xyxa7aE+BF4sxIBc1Q98ufbpiQNKKxJhyU6jq20F4GUjPCaV5yU0UFkCH0adfQGCKqvGzyU46PjBLiXiJNxRpP1N8TGURKjaLAdEagB2reG4v/ed1U9y68jMUi1TQm00W9lGOd4HFAOGSSEs1HhgCRzNyKyQAkEG1iLJkQnPmXF0nrtOrYVadxVqldz+IoogN0iI6Rg85RDV2hOmoigh7QE3pBr9aj9Wy9We/T1oI1m9lHf2B9fAPiop4o</latexit>

Confining dark sector with ΛD ∼ GeV

A flavoured dark sector
Based on 1803.08080 with Pedro Schwaller

-channel portal via heavy bifundamental scalar t X

α = 1,2,3
dark quark flavour

 
quark flavour

i = 1,2,3
 

coupling 
matrix

3 × 3

Other choices:

•Coupling to up-type quarks e.g. Carmona, Scherb, Schwaller 2101.07803, 
see also Yi-Mu Chen’s talk yesterday

• : stable dark pionsnf > 3 see Pedro Schwaller’s talk earlier
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The dark pions
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<latexit sha1_base64="Jgg0ctw9a58FMmv2dCZDS6Wk+oo=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePGYgHlgsoTeyWwyZHZ2mZkVwpK/8OJBEa/+jTf/xtkkQnwVNBRV3XR3BYng2rjuh1NYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Dr32/dMaR7LWzNJmB/hUPKQUzRWumv0sx6KZITTfrniVd0ZiPuLfFkVWKDeL7/3BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5tdPCUnVhmQMFa2pCEzdXkiw0jrSRTYzgjNSP/0cvEvr5ua8NLPuExSwySdLwpTQUxM8vfJgCtGjZhYglRxeyuhI1RIjQ2ptBzC/6R1VvXcqtc4r9SuFnEU4QiO4RQ8uIAa3EAdmkBBwgM8wbOjnUfnxXmdtxacxcwhfIPz9gmt7pDl</latexit><latexit sha1_base64="Jgg0ctw9a58FMmv2dCZDS6Wk+oo=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePGYgHlgsoTeyWwyZHZ2mZkVwpK/8OJBEa/+jTf/xtkkQnwVNBRV3XR3BYng2rjuh1NYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Dr32/dMaR7LWzNJmB/hUPKQUzRWumv0sx6KZITTfrniVd0ZiPuLfFkVWKDeL7/3BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5tdPCUnVhmQMFa2pCEzdXkiw0jrSRTYzgjNSP/0cvEvr5ua8NLPuExSwySdLwpTQUxM8vfJgCtGjZhYglRxeyuhI1RIjQ2ptBzC/6R1VvXcqtc4r9SuFnEU4QiO4RQ8uIAa3EAdmkBBwgM8wbOjnUfnxXmdtxacxcwhfIPz9gmt7pDl</latexit><latexit sha1_base64="Jgg0ctw9a58FMmv2dCZDS6Wk+oo=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePGYgHlgsoTeyWwyZHZ2mZkVwpK/8OJBEa/+jTf/xtkkQnwVNBRV3XR3BYng2rjuh1NYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Dr32/dMaR7LWzNJmB/hUPKQUzRWumv0sx6KZITTfrniVd0ZiPuLfFkVWKDeL7/3BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5tdPCUnVhmQMFa2pCEzdXkiw0jrSRTYzgjNSP/0cvEvr5ua8NLPuExSwySdLwpTQUxM8vfJgCtGjZhYglRxeyuhI1RIjQ2ptBzC/6R1VvXcqtc4r9SuFnEU4QiO4RQ8uIAa3EAdmkBBwgM8wbOjnUfnxXmdtxacxcwhfIPz9gmt7pDl</latexit><latexit sha1_base64="Jgg0ctw9a58FMmv2dCZDS6Wk+oo=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePGYgHlgsoTeyWwyZHZ2mZkVwpK/8OJBEa/+jTf/xtkkQnwVNBRV3XR3BYng2rjuh1NYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Dr32/dMaR7LWzNJmB/hUPKQUzRWumv0sx6KZITTfrniVd0ZiPuLfFkVWKDeL7/3BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5tdPCUnVhmQMFa2pCEzdXkiw0jrSRTYzgjNSP/0cvEvr5ua8NLPuExSwySdLwpTQUxM8vfJgCtGjZhYglRxeyuhI1RIjQ2ptBzC/6R1VvXcqtc4r9SuFnEU4QiO4RQ8uIAa3EAdmkBBwgM8wbOjnUfnxXmdtxacxcwhfIPz9gmt7pDl</latexit>

Q̄�
<latexit sha1_base64="na0UAhu466+22N3Jtbv/ka0pGFc=">AAAB+HicdVDJSgNBFOxxjXHJqEcvjUHwFGZE0JMEvHhMwCyQDMObzpukSc9Cd48Qh/kSLx4U8eqnePNv7CxC3AoeFFXv8YoKUsGVdpwPa2V1bX1js7RV3t7Z3avY+wdtlWSSYYslIpHdABQKHmNLcy2wm0qEKBDYCcbXU79zh1LxJL7VkxS9CIYxDzkDbSTfrvQDkHmz8PN+gBoK3666NWcG6vwiX1aVLNDw7ff+IGFZhLFmApTquU6qvRyk5kxgUe5nClNgYxhiz9AYIlRePgte0BOjDGiYSDOxpjN1+SKHSKlJFJjNCPRI/fSm4l9eL9PhpZfzOM00xmz+KMwE1QmdtkAHXCLTYmIIMMlNVspGIIFp01V5uYT/Sfus5jo1t3lerV8t6iiRI3JMTolLLkid3JAGaRFGMvJAnsizdW89Wi/W63x1xVrcHJJvsN4+AS6qk2c=</latexit><latexit sha1_base64="na0UAhu466+22N3Jtbv/ka0pGFc=">AAAB+HicdVDJSgNBFOxxjXHJqEcvjUHwFGZE0JMEvHhMwCyQDMObzpukSc9Cd48Qh/kSLx4U8eqnePNv7CxC3AoeFFXv8YoKUsGVdpwPa2V1bX1js7RV3t7Z3avY+wdtlWSSYYslIpHdABQKHmNLcy2wm0qEKBDYCcbXU79zh1LxJL7VkxS9CIYxDzkDbSTfrvQDkHmz8PN+gBoK3666NWcG6vwiX1aVLNDw7ff+IGFZhLFmApTquU6qvRyk5kxgUe5nClNgYxhiz9AYIlRePgte0BOjDGiYSDOxpjN1+SKHSKlJFJjNCPRI/fSm4l9eL9PhpZfzOM00xmz+KMwE1QmdtkAHXCLTYmIIMMlNVspGIIFp01V5uYT/Sfus5jo1t3lerV8t6iiRI3JMTolLLkid3JAGaRFGMvJAnsizdW89Wi/W63x1xVrcHJJvsN4+AS6qk2c=</latexit><latexit sha1_base64="na0UAhu466+22N3Jtbv/ka0pGFc=">AAAB+HicdVDJSgNBFOxxjXHJqEcvjUHwFGZE0JMEvHhMwCyQDMObzpukSc9Cd48Qh/kSLx4U8eqnePNv7CxC3AoeFFXv8YoKUsGVdpwPa2V1bX1js7RV3t7Z3avY+wdtlWSSYYslIpHdABQKHmNLcy2wm0qEKBDYCcbXU79zh1LxJL7VkxS9CIYxDzkDbSTfrvQDkHmz8PN+gBoK3666NWcG6vwiX1aVLNDw7ff+IGFZhLFmApTquU6qvRyk5kxgUe5nClNgYxhiz9AYIlRePgte0BOjDGiYSDOxpjN1+SKHSKlJFJjNCPRI/fSm4l9eL9PhpZfzOM00xmz+KMwE1QmdtkAHXCLTYmIIMMlNVspGIIFp01V5uYT/Sfus5jo1t3lerV8t6iiRI3JMTolLLkid3JAGaRFGMvJAnsizdW89Wi/W63x1xVrcHJJvsN4+AS6qk2c=</latexit><latexit sha1_base64="na0UAhu466+22N3Jtbv/ka0pGFc=">AAAB+HicdVDJSgNBFOxxjXHJqEcvjUHwFGZE0JMEvHhMwCyQDMObzpukSc9Cd48Qh/kSLx4U8eqnePNv7CxC3AoeFFXv8YoKUsGVdpwPa2V1bX1js7RV3t7Z3avY+wdtlWSSYYslIpHdABQKHmNLcy2wm0qEKBDYCcbXU79zh1LxJL7VkxS9CIYxDzkDbSTfrvQDkHmz8PN+gBoK3666NWcG6vwiX1aVLNDw7ff+IGFZhLFmApTquU6qvRyk5kxgUe5nClNgYxhiz9AYIlRePgte0BOjDGiYSDOxpjN1+SKHSKlJFJjNCPRI/fSm4l9eL9PhpZfzOM00xmz+KMwE1QmdtkAHXCLTYmIIMMlNVspGIIFp01V5uYT/Sfus5jo1t3lerV8t6iiRI3JMTolLLkid3JAGaRFGMvJAnsizdW89Wi/W63x1xVrcHJJvsN4+AS6qk2c=</latexit>

They decay to SM 
hadrons via the 

portal interaction 

diR
<latexit sha1_base64="28NCCxg2soyt7dzXUaxYUovDArA=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaQ2tN0V3Oiuin1AG8tkMmmHTh7MTIQS+hFuXCji1u9x5984TSuo6IELh3Pu5d57vIQzqSzrw1hZXVvf2CxsFbd3dvf2SweHHRmngtA2iXkseh6WlLOIthVTnPYSQXHocdr1Jhdzv3tPhWRxdKumCXVDPIpYwAhWWur6w+xmdseGpbJlVh2nXjtHOWk4jQWpOxVkm1aOMizRGpbeB35M0pBGinAsZd+2EuVmWChGOJ0VB6mkCSYTPKJ9TSMcUulm+bkzdKoVHwWx0BUplKvfJzIcSjkNPd0ZYjWWv725+JfXT1VQdzMWJamiEVksClKOVIzmvyOfCUoUn2qCiWD6VkTGWGCidEJFHcLXp+h/0qmYtmXa19Vy82oZRwGO4QTOwIYaNOESWtAGAhN4gCd4NhLj0XgxXhetK8Zy5gh+wHj7BO/Vj/0=</latexit><latexit sha1_base64="28NCCxg2soyt7dzXUaxYUovDArA=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaQ2tN0V3Oiuin1AG8tkMmmHTh7MTIQS+hFuXCji1u9x5984TSuo6IELh3Pu5d57vIQzqSzrw1hZXVvf2CxsFbd3dvf2SweHHRmngtA2iXkseh6WlLOIthVTnPYSQXHocdr1Jhdzv3tPhWRxdKumCXVDPIpYwAhWWur6w+xmdseGpbJlVh2nXjtHOWk4jQWpOxVkm1aOMizRGpbeB35M0pBGinAsZd+2EuVmWChGOJ0VB6mkCSYTPKJ9TSMcUulm+bkzdKoVHwWx0BUplKvfJzIcSjkNPd0ZYjWWv725+JfXT1VQdzMWJamiEVksClKOVIzmvyOfCUoUn2qCiWD6VkTGWGCidEJFHcLXp+h/0qmYtmXa19Vy82oZRwGO4QTOwIYaNOESWtAGAhN4gCd4NhLj0XgxXhetK8Zy5gh+wHj7BO/Vj/0=</latexit><latexit sha1_base64="28NCCxg2soyt7dzXUaxYUovDArA=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaQ2tN0V3Oiuin1AG8tkMmmHTh7MTIQS+hFuXCji1u9x5984TSuo6IELh3Pu5d57vIQzqSzrw1hZXVvf2CxsFbd3dvf2SweHHRmngtA2iXkseh6WlLOIthVTnPYSQXHocdr1Jhdzv3tPhWRxdKumCXVDPIpYwAhWWur6w+xmdseGpbJlVh2nXjtHOWk4jQWpOxVkm1aOMizRGpbeB35M0pBGinAsZd+2EuVmWChGOJ0VB6mkCSYTPKJ9TSMcUulm+bkzdKoVHwWx0BUplKvfJzIcSjkNPd0ZYjWWv725+JfXT1VQdzMWJamiEVksClKOVIzmvyOfCUoUn2qCiWD6VkTGWGCidEJFHcLXp+h/0qmYtmXa19Vy82oZRwGO4QTOwIYaNOESWtAGAhN4gCd4NhLj0XgxXhetK8Zy5gh+wHj7BO/Vj/0=</latexit><latexit sha1_base64="28NCCxg2soyt7dzXUaxYUovDArA=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaQ2tN0V3Oiuin1AG8tkMmmHTh7MTIQS+hFuXCji1u9x5984TSuo6IELh3Pu5d57vIQzqSzrw1hZXVvf2CxsFbd3dvf2SweHHRmngtA2iXkseh6WlLOIthVTnPYSQXHocdr1Jhdzv3tPhWRxdKumCXVDPIpYwAhWWur6w+xmdseGpbJlVh2nXjtHOWk4jQWpOxVkm1aOMizRGpbeB35M0pBGinAsZd+2EuVmWChGOJ0VB6mkCSYTPKJ9TSMcUulm+bkzdKoVHwWx0BUplKvfJzIcSjkNPd0ZYjWWv725+JfXT1VQdzMWJamiEVksClKOVIzmvyOfCUoUn2qCiWD6VkTGWGCidEJFHcLXp+h/0qmYtmXa19Vy82oZRwGO4QTOwIYaNOESWtAGAhN4gCd4NhLj0XgxXhetK8Zy5gh+wHj7BO/Vj/0=</latexit>

d̄jR
<latexit sha1_base64="hPgJzgIbzT3KSpu1v+tWIDjXOus=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZLa0HZXcKO7KvYBbSyTybQdO5nEmUmhhHyHGxeKuPVj3Pk3TtMKKnrgwuGce7n3Hi9iVCrL+jByK6tr6xv5zcLW9s7uXnH/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3I+9ztTIiQN+Y2aRcQN0IjTIcVIacnte0gkfjpIrtPbu0GxZJkVx6lVz2BG6k59QWpOGdqmlaEElmgOiu99P8RxQLjCDEnZs61IuQkSimJG0kI/liRCeIJGpKcpRwGRbpIdncITrfhwGApdXMFM/T6RoEDKWeDpzgCpsfztzcW/vF6shjU3oTyKFeF4sWgYM6hCOE8A+lQQrNhME4QF1bdCPEYCYaVzKugQvj6F/5N22bQt076qlBqXyzjy4Agcg1NggypogAvQBC2AwT14AE/g2Zgaj8aL8bpozRnLmUPwA8bbJ76CksM=</latexit><latexit sha1_base64="hPgJzgIbzT3KSpu1v+tWIDjXOus=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZLa0HZXcKO7KvYBbSyTybQdO5nEmUmhhHyHGxeKuPVj3Pk3TtMKKnrgwuGce7n3Hi9iVCrL+jByK6tr6xv5zcLW9s7uXnH/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3I+9ztTIiQN+Y2aRcQN0IjTIcVIacnte0gkfjpIrtPbu0GxZJkVx6lVz2BG6k59QWpOGdqmlaEElmgOiu99P8RxQLjCDEnZs61IuQkSimJG0kI/liRCeIJGpKcpRwGRbpIdncITrfhwGApdXMFM/T6RoEDKWeDpzgCpsfztzcW/vF6shjU3oTyKFeF4sWgYM6hCOE8A+lQQrNhME4QF1bdCPEYCYaVzKugQvj6F/5N22bQt076qlBqXyzjy4Agcg1NggypogAvQBC2AwT14AE/g2Zgaj8aL8bpozRnLmUPwA8bbJ76CksM=</latexit><latexit sha1_base64="hPgJzgIbzT3KSpu1v+tWIDjXOus=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZLa0HZXcKO7KvYBbSyTybQdO5nEmUmhhHyHGxeKuPVj3Pk3TtMKKnrgwuGce7n3Hi9iVCrL+jByK6tr6xv5zcLW9s7uXnH/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3I+9ztTIiQN+Y2aRcQN0IjTIcVIacnte0gkfjpIrtPbu0GxZJkVx6lVz2BG6k59QWpOGdqmlaEElmgOiu99P8RxQLjCDEnZs61IuQkSimJG0kI/liRCeIJGpKcpRwGRbpIdncITrfhwGApdXMFM/T6RoEDKWeDpzgCpsfztzcW/vF6shjU3oTyKFeF4sWgYM6hCOE8A+lQQrNhME4QF1bdCPEYCYaVzKugQvj6F/5N22bQt076qlBqXyzjy4Agcg1NggypogAvQBC2AwT14AE/g2Zgaj8aL8bpozRnLmUPwA8bbJ76CksM=</latexit><latexit sha1_base64="hPgJzgIbzT3KSpu1v+tWIDjXOus=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZLa0HZXcKO7KvYBbSyTybQdO5nEmUmhhHyHGxeKuPVj3Pk3TtMKKnrgwuGce7n3Hi9iVCrL+jByK6tr6xv5zcLW9s7uXnH/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3I+9ztTIiQN+Y2aRcQN0IjTIcVIacnte0gkfjpIrtPbu0GxZJkVx6lVz2BG6k59QWpOGdqmlaEElmgOiu99P8RxQLjCDEnZs61IuQkSimJG0kI/liRCeIJGpKcpRwGRbpIdncITrfhwGApdXMFM/T6RoEDKWeDpzgCpsfztzcW/vF6shjU3oTyKFeF4sWgYM6hCOE8A+lQQrNhME4QF1bdCPEYCYaVzKugQvj6F/5N22bQt076qlBqXyzjy4Agcg1NggypogAvQBC2AwT14AE/g2Zgaj8aL8bpozRnLmUPwA8bbJ76CksM=</latexit>

=)
<latexit sha1_base64="cfID6TnFxVQdjM2210+57E3SUL8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZPaXS7dFjS9csWv+nOQVRLkpAI56r3yV7efsEyiskxQYzqBn9pwQrXlTOC01M0MppSN6AA7jioq0YST+b1TcuaUPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhtfhxOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6jkQgiWX14lzYtq4FeD+8tK7SaPowgncArnEMAV1OAO6tAABgKe4RXevEfvxXv3PhatBS+fOYY/8D5/AEIrkBk=</latexit><latexit sha1_base64="cfID6TnFxVQdjM2210+57E3SUL8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZPaXS7dFjS9csWv+nOQVRLkpAI56r3yV7efsEyiskxQYzqBn9pwQrXlTOC01M0MppSN6AA7jioq0YST+b1TcuaUPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhtfhxOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6jkQgiWX14lzYtq4FeD+8tK7SaPowgncArnEMAV1OAO6tAABgKe4RXevEfvxXv3PhatBS+fOYY/8D5/AEIrkBk=</latexit><latexit sha1_base64="cfID6TnFxVQdjM2210+57E3SUL8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZPaXS7dFjS9csWv+nOQVRLkpAI56r3yV7efsEyiskxQYzqBn9pwQrXlTOC01M0MppSN6AA7jioq0YST+b1TcuaUPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhtfhxOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6jkQgiWX14lzYtq4FeD+8tK7SaPowgncArnEMAV1OAO6tAABgKe4RXevEfvxXv3PhatBS+fOYY/8D5/AEIrkBk=</latexit><latexit sha1_base64="cfID6TnFxVQdjM2210+57E3SUL8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZPaXS7dFjS9csWv+nOQVRLkpAI56r3yV7efsEyiskxQYzqBn9pwQrXlTOC01M0MppSN6AA7jioq0YST+b1TcuaUPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhtfhxOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6jkQgiWX14lzYtq4FeD+8tK7SaPowgncArnEMAV1OAO6tAABgKe4RXevEfvxXv3PhatBS+fOYY/8D5/AEIrkBk=</latexit>

U(3)Ldark ⇥ U(3)Rdark ! SU(3)Vdark ⇥ U(1)Bdark
<latexit sha1_base64="lBYTDDxa3ehKOSbaycAHKJBpq24=">AAACVXicdZFLSwMxFIUzY621Plp16SZYhLopMyrostSNCxf10Qd0hiGTpm1o5kFyRyzD/MluxH/iRjDtdKGtXggczncvNznxY8EVWNaHYW4Vtos7pd3y3v7BYaV6dNxVUSIp69BIRLLvE8UED1kHOAjWjyUjgS9Yz5/eLXjvlUnFo/AFZjFzAzIO+YhTAtryqqJTv7rw0gcvdYC9QTokcpplmQM8YArn8GkNYgci/Jyz7n+DtoatNehVa1bDWhbeFPZK1NCq2l517gwjmgQsBCqIUgPbisFNiQROBcvKTqJYTOiUjNlAy5Do3W66TCXD59oZ4lEk9QkBL92fEykJlJoFvu4MCEzUOluYf7FBAqNbN+VhnAALab5olAisU1lEjIdcMgpipgWhkuu7YjohklDQH1HWIdjrT94U3cuGbTXsx+tas7WKo4RO0RmqIxvdoCa6R23UQRTN0adhGKbxbnyZBbOYt5rGauYE/Sqz8g3H7bUy</latexit><latexit sha1_base64="lBYTDDxa3ehKOSbaycAHKJBpq24=">AAACVXicdZFLSwMxFIUzY621Plp16SZYhLopMyrostSNCxf10Qd0hiGTpm1o5kFyRyzD/MluxH/iRjDtdKGtXggczncvNznxY8EVWNaHYW4Vtos7pd3y3v7BYaV6dNxVUSIp69BIRLLvE8UED1kHOAjWjyUjgS9Yz5/eLXjvlUnFo/AFZjFzAzIO+YhTAtryqqJTv7rw0gcvdYC9QTokcpplmQM8YArn8GkNYgci/Jyz7n+DtoatNehVa1bDWhbeFPZK1NCq2l517gwjmgQsBCqIUgPbisFNiQROBcvKTqJYTOiUjNlAy5Do3W66TCXD59oZ4lEk9QkBL92fEykJlJoFvu4MCEzUOluYf7FBAqNbN+VhnAALab5olAisU1lEjIdcMgpipgWhkuu7YjohklDQH1HWIdjrT94U3cuGbTXsx+tas7WKo4RO0RmqIxvdoCa6R23UQRTN0adhGKbxbnyZBbOYt5rGauYE/Sqz8g3H7bUy</latexit><latexit sha1_base64="lBYTDDxa3ehKOSbaycAHKJBpq24=">AAACVXicdZFLSwMxFIUzY621Plp16SZYhLopMyrostSNCxf10Qd0hiGTpm1o5kFyRyzD/MluxH/iRjDtdKGtXggczncvNznxY8EVWNaHYW4Vtos7pd3y3v7BYaV6dNxVUSIp69BIRLLvE8UED1kHOAjWjyUjgS9Yz5/eLXjvlUnFo/AFZjFzAzIO+YhTAtryqqJTv7rw0gcvdYC9QTokcpplmQM8YArn8GkNYgci/Jyz7n+DtoatNehVa1bDWhbeFPZK1NCq2l517gwjmgQsBCqIUgPbisFNiQROBcvKTqJYTOiUjNlAy5Do3W66TCXD59oZ4lEk9QkBL92fEykJlJoFvu4MCEzUOluYf7FBAqNbN+VhnAALab5olAisU1lEjIdcMgpipgWhkuu7YjohklDQH1HWIdjrT94U3cuGbTXsx+tas7WKo4RO0RmqIxvdoCa6R23UQRTN0adhGKbxbnyZBbOYt5rGauYE/Sqz8g3H7bUy</latexit><latexit sha1_base64="lBYTDDxa3ehKOSbaycAHKJBpq24=">AAACVXicdZFLSwMxFIUzY621Plp16SZYhLopMyrostSNCxf10Qd0hiGTpm1o5kFyRyzD/MluxH/iRjDtdKGtXggczncvNznxY8EVWNaHYW4Vtos7pd3y3v7BYaV6dNxVUSIp69BIRLLvE8UED1kHOAjWjyUjgS9Yz5/eLXjvlUnFo/AFZjFzAzIO+YhTAtryqqJTv7rw0gcvdYC9QTokcpplmQM8YArn8GkNYgci/Jyz7n+DtoatNehVa1bDWhbeFPZK1NCq2l517gwjmgQsBCqIUgPbisFNiQROBcvKTqJYTOiUjNlAy5Do3W66TCXD59oZ4lEk9QkBL92fEykJlJoFvu4MCEzUOluYf7FBAqNbN+VhnAALab5olAisU1lEjIdcMgpipgWhkuu7YjohklDQH1HWIdjrT94U3cuGbTXsx+tas7WKo4RO0RmqIxvdoCa6R23UQRTN0adhGKbxbnyZBbOYt5rGauYE/Sqz8g3H7bUy</latexit>

Lightest dark baryon is stable and a dark matter candidate

Decay modes of dark pions are 
determined by the structure of the 
coupling κ



Flavour structure & implications

Meson mixing absent in limit where  
“Aligned scenario”

D ∝ 13×3

Meson 
mixing

Shaded regions are allowed by meson mixing

 = DU
<latexit sha1_base64="hVCca1JNhdk5JKGRzLRLWe1M/r0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5REBL0IBT148FDBtIUklM122y7dbJbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXK8ENuO63U1pZXVvfKG9WtrZ3dveq+wctk2aaMp+mItWdmBgmuGQ+cBCsozQjSSxYOx7dTP32E9OGp/IRxopFCRlI3ueUgJWCcESUIte34ZnfrdbcujsDXiZeQWqoQLNb/Qp7Kc0SJoEKYkzguQqinGjgVLBJJcwMU4SOyIAFlkqSMBPls5Mn+MQqPdxPtS0JeKb+nshJYsw4iW1nQmBoFr2p+J8XZNC/inIuVQZM0vmifiYwpHj6P+5xzSiIsSWEam5vxXRINKFgU6rYELzFl5dJ67zuuXXv4aLWuC/iKKMjdIxOkYcuUQPdoSbyEUUpekav6M0B58V5dz7mrSWnmDlEf+B8/gBzPpC5</latexit><latexit sha1_base64="hVCca1JNhdk5JKGRzLRLWe1M/r0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5REBL0IBT148FDBtIUklM122y7dbJbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXK8ENuO63U1pZXVvfKG9WtrZ3dveq+wctk2aaMp+mItWdmBgmuGQ+cBCsozQjSSxYOx7dTP32E9OGp/IRxopFCRlI3ueUgJWCcESUIte34ZnfrdbcujsDXiZeQWqoQLNb/Qp7Kc0SJoEKYkzguQqinGjgVLBJJcwMU4SOyIAFlkqSMBPls5Mn+MQqPdxPtS0JeKb+nshJYsw4iW1nQmBoFr2p+J8XZNC/inIuVQZM0vmifiYwpHj6P+5xzSiIsSWEam5vxXRINKFgU6rYELzFl5dJ67zuuXXv4aLWuC/iKKMjdIxOkYcuUQPdoSbyEUUpekav6M0B58V5dz7mrSWnmDlEf+B8/gBzPpC5</latexit><latexit sha1_base64="hVCca1JNhdk5JKGRzLRLWe1M/r0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5REBL0IBT148FDBtIUklM122y7dbJbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXK8ENuO63U1pZXVvfKG9WtrZ3dveq+wctk2aaMp+mItWdmBgmuGQ+cBCsozQjSSxYOx7dTP32E9OGp/IRxopFCRlI3ueUgJWCcESUIte34ZnfrdbcujsDXiZeQWqoQLNb/Qp7Kc0SJoEKYkzguQqinGjgVLBJJcwMU4SOyIAFlkqSMBPls5Mn+MQqPdxPtS0JeKb+nshJYsw4iW1nQmBoFr2p+J8XZNC/inIuVQZM0vmifiYwpHj6P+5xzSiIsSWEam5vxXRINKFgU6rYELzFl5dJ67zuuXXv4aLWuC/iKKMjdIxOkYcuUQPdoSbyEUUpekav6M0B58V5dz7mrSWnmDlEf+B8/gBzPpC5</latexit><latexit sha1_base64="hVCca1JNhdk5JKGRzLRLWe1M/r0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5REBL0IBT148FDBtIUklM122y7dbJbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXK8ENuO63U1pZXVvfKG9WtrZ3dveq+wctk2aaMp+mItWdmBgmuGQ+cBCsozQjSSxYOx7dTP32E9OGp/IRxopFCRlI3ueUgJWCcESUIte34ZnfrdbcujsDXiZeQWqoQLNb/Qp7Kc0SJoEKYkzguQqinGjgVLBJJcwMU4SOyIAFlkqSMBPls5Mn+MQqPdxPtS0JeKb+nshJYsw4iW1nQmBoFr2p+J8XZNC/inIuVQZM0vmifiYwpHj6P+5xzSiIsSWEam5vxXRINKFgU6rYELzFl5dJ67zuuXXv4aLWuC/iKKMjdIxOkYcuUQPdoSbyEUUpekav6M0B58V5dz7mrSWnmDlEf+B8/gBzPpC5</latexit>

Can generally write coupling matrix as

3D rotation matrix, with 
angles ,  and θ12 θ13 θ23

"ALIGNED"

dR
<latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit>

sR
<latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit>

bR
<latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit>

Q1
<latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit>

Q2
<latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit>

Q3
<latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit>

dR
<latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit>

sR
<latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit>

bR
<latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit>

Q1
<latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit>

Q2
<latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit>

Q3
<latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit>

"12 SCENARIO"

etc

diagonal matrix

4



Decays of dark pions

Upshot: different flavours of dark pions can have very different decay lengths

Shorter decay length to heavier final states

"ALIGNED"

dR
<latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit><latexit sha1_base64="52qlj4hLPiWL56PRFbj42+KyNgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAej66nffkKleSIfzDhFP6YDySPOqLHSfdi/61drbt2dgSwTryA1KNDsV796YcKyGKVhgmrd9dzU+DlVhjOBk0ov05hSNqID7FoqaYzaz2enTsiJVUISJcqWNGSm/p7Iaaz1OA5sZ0zNUC96U/E/r5uZ6NLPuUwzg5LNF0WZICYh079JyBUyI8aWUKa4vZWwIVWUGZtOxYbgLb68TB7P6p5b927Pa42rIo4yHMExnIIHF9CAG2hCCxgM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gAfPI2t</latexit>

sR
<latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit><latexit sha1_base64="LNXRtbFSurMY9A1m52Xbnayqrts=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSg+7f98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA2Fo28</latexit>

bR
<latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit><latexit sha1_base64="KKK2wyejZYDhrYgV7Dq5cof2W44=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9C/75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEcMI2r</latexit>

Q1
<latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit><latexit sha1_base64="3FWiFXdWmNNzOSG6qGV7+Fpw2I8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTnwBuWKW3UXIOvEy0kFcjQG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9ZrXlfptHkcRzuAcLsGDGtThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP9A3jXk=</latexit>

Q2
<latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit><latexit sha1_base64="ovSUE+zf0VVKTRfHiCg6uoswQUo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoTmoDcoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9ZpXlfptHkcRzuAcLsGDa6jDPTSgBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDRu416</latexit>

Q3
<latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit><latexit sha1_base64="2NIqnzB0GCv7H+zfvYmAOombS84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0b/sl+uuFV3DrJKvJxUIEe9X/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236jWuKrXbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDTP417</latexit>

But in aligned scenario, only dark pions with  charge can 
decay to -containing final states  

Q3
b

⇡D
<latexit sha1_base64="57tt60kGkr2mJ/BWwdaMO7ZEsHU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEansr6EFvFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xm0bUKsPBh7vzTAzL0g4U9pxPq3Cyura+kZxs7S1vbO7V94/aKk4lYR6JOax7ARYUc4E9TTTnHYSSXEUcNoOxlczv/1ApWKxuNeThPoRHgoWMoK1kbxewvrX/XLFsev1aq12gRzbmeObuDmpQI5mv/zRG8QkjajQhG Oluq6TaD/DUjPC6bTUSxVNMBnjIe0aKnBElZ/Nj52iE6MMUBhLU0KjufpzIsORUpMoMJ0R1iO17M3E/7xuqsOanzGRpJoKslgUphzpGM0+RwMmKdF8YggmkplbERlhiYk2+ZRMCO7yy39J68x2Hdu9O680bvM4inAEx3AKLlxCA26gCR4QYPAIz/BiCevJerXeFq0FK585hF+w3r8A2EuOuA==</latexit><latexit sha1_base64="57tt60kGkr2mJ/BWwdaMO7ZEsHU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEansr6EFvFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xm0bUKsPBh7vzTAzL0g4U9pxPq3Cyura+kZxs7S1vbO7V94/aKk4lYR6JOax7ARYUc4E9TTTnHYSSXEUcNoOxlczv/1ApWKxuNeThPoRHgoWMoK1kbxewvrX/XLFsev1aq12gRzbmeObuDmpQI5mv/zRG8QkjajQhG Oluq6TaD/DUjPC6bTUSxVNMBnjIe0aKnBElZ/Nj52iE6MMUBhLU0KjufpzIsORUpMoMJ0R1iO17M3E/7xuqsOanzGRpJoKslgUphzpGM0+RwMmKdF8YggmkplbERlhiYk2+ZRMCO7yy39J68x2Hdu9O680bvM4inAEx3AKLlxCA26gCR4QYPAIz/BiCevJerXeFq0FK585hF+w3r8A2EuOuA==</latexit><latexit sha1_base64="57tt60kGkr2mJ/BWwdaMO7ZEsHU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEansr6EFvFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xm0bUKsPBh7vzTAzL0g4U9pxPq3Cyura+kZxs7S1vbO7V94/aKk4lYR6JOax7ARYUc4E9TTTnHYSSXEUcNoOxlczv/1ApWKxuNeThPoRHgoWMoK1kbxewvrX/XLFsev1aq12gRzbmeObuDmpQI5mv/zRG8QkjajQhG Oluq6TaD/DUjPC6bTUSxVNMBnjIe0aKnBElZ/Nj52iE6MMUBhLU0KjufpzIsORUpMoMJ0R1iO17M3E/7xuqsOanzGRpJoKslgUphzpGM0+RwMmKdF8YggmkplbERlhiYk2+ZRMCO7yy39J68x2Hdu9O680bvM4inAEx3AKLlxCA26gCR4QYPAIz/BiCevJerXeFq0FK585hF+w3r8A2EuOuA==</latexit><latexit sha1_base64="57tt60kGkr2mJ/BWwdaMO7ZEsHU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEansr6EFvFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xm0bUKsPBh7vzTAzL0g4U9pxPq3Cyura+kZxs7S1vbO7V94/aKk4lYR6JOax7ARYUc4E9TTTnHYSSXEUcNoOxlczv/1ApWKxuNeThPoRHgoWMoK1kbxewvrX/XLFsev1aq12gRzbmeObuDmpQI5mv/zRG8QkjajQhG Oluq6TaD/DUjPC6bTUSxVNMBnjIe0aKnBElZ/Nj52iE6MMUBhLU0KjufpzIsORUpMoMJ0R1iO17M3E/7xuqsOanzGRpJoKslgUphzpGM0+RwMmKdF8YggmkplbERlhiYk2+ZRMCO7yy39J68x2Hdu9O680bvM4inAEx3AKLlxCA26gCR4QYPAIz/BiCevJerXeFq0FK585hF+w3r8A2EuOuA==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

↵i
<latexit sha1_base64="FDe0kC/XWUza2F/JCqF9L3kK5SA=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoCcpePFYwX5AG8Jku2mXbjbL7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMiyRn2njet1NaW9/Y3CpvV3Z29/YP3OphW6eZIrRFUp6qbgSaciZoyzDDaVcqCknEaSca38z8zgNVmqXi3kwkDRIYChYzAsZKoVvtj0FKCPM+cDkCzKahW/Pq3hx4lfgFqaECzdD96g9SkiVUGMJB657vSRPkoAwjnE4r/UxTCWQMQ9qzVEBCdZDPT5/iU6sMcJwqW8Lgufp7IodE60kS2c4EzEgvezPxP6+XmfgqyJmQmaGCLBbFGccmxbMc8IApSgyfWAJEMXsrJiNQQIxNq2JD8JdfXiXt87rv1f27i1rjuoijjI7RCTpDPrpEDXSLmqiFCHpEz+gVvTlPzovz7nwsWktOMXOE/sD5/AFIWZP8</latexit><latexit sha1_base64="FDe0kC/XWUza2F/JCqF9L3kK5SA=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoCcpePFYwX5AG8Jku2mXbjbL7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMiyRn2njet1NaW9/Y3CpvV3Z29/YP3OphW6eZIrRFUp6qbgSaciZoyzDDaVcqCknEaSca38z8zgNVmqXi3kwkDRIYChYzAsZKoVvtj0FKCPM+cDkCzKahW/Pq3hx4lfgFqaECzdD96g9SkiVUGMJB657vSRPkoAwjnE4r/UxTCWQMQ9qzVEBCdZDPT5/iU6sMcJwqW8Lgufp7IodE60kS2c4EzEgvezPxP6+XmfgqyJmQmaGCLBbFGccmxbMc8IApSgyfWAJEMXsrJiNQQIxNq2JD8JdfXiXt87rv1f27i1rjuoijjI7RCTpDPrpEDXSLmqiFCHpEz+gVvTlPzovz7nwsWktOMXOE/sD5/AFIWZP8</latexit><latexit sha1_base64="FDe0kC/XWUza2F/JCqF9L3kK5SA=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoCcpePFYwX5AG8Jku2mXbjbL7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMiyRn2njet1NaW9/Y3CpvV3Z29/YP3OphW6eZIrRFUp6qbgSaciZoyzDDaVcqCknEaSca38z8zgNVmqXi3kwkDRIYChYzAsZKoVvtj0FKCPM+cDkCzKahW/Pq3hx4lfgFqaECzdD96g9SkiVUGMJB657vSRPkoAwjnE4r/UxTCWQMQ9qzVEBCdZDPT5/iU6sMcJwqW8Lgufp7IodE60kS2c4EzEgvezPxP6+XmfgqyJmQmaGCLBbFGccmxbMc8IApSgyfWAJEMXsrJiNQQIxNq2JD8JdfXiXt87rv1f27i1rjuoijjI7RCTpDPrpEDXSLmqiFCHpEz+gVvTlPzovz7nwsWktOMXOE/sD5/AFIWZP8</latexit><latexit sha1_base64="FDe0kC/XWUza2F/JCqF9L3kK5SA=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoCcpePFYwX5AG8Jku2mXbjbL7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMiyRn2njet1NaW9/Y3CpvV3Z29/YP3OphW6eZIrRFUp6qbgSaciZoyzDDaVcqCknEaSca38z8zgNVmqXi3kwkDRIYChYzAsZKoVvtj0FKCPM+cDkCzKahW/Pq3hx4lfgFqaECzdD96g9SkiVUGMJB657vSRPkoAwjnE4r/UxTCWQMQ9qzVEBCdZDPT5/iU6sMcJwqW8Lgufp7IodE60kS2c4EzEgvezPxP6+XmfgqyJmQmaGCLBbFGccmxbMc8IApSgyfWAJEMXsrJiNQQIxNq2JD8JdfXiXt87rv1f27i1rjuoijjI7RCTpDPrpEDXSLmqiFCHpEz+gVvTlPzovz7nwsWktOMXOE/sD5/AFIWZP8</latexit>

⇤
�j

<latexit sha1_base64="7j8R3A0C2pGzTWc64r0DU2e0t3k=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCeCiJCHqSghePFewHtDFMtpt27WYTdjdiCfkrXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFulldW19Y3yZmVre2d3z96vtlWcSkJbJOax7AagKGeCtjTTnHYTSSEKOO0E4+up33mkUrFY3OlJQr0IhoKFjIA2km9X+2NIErg/9bN+QDXgh9y3a07dmQEvE7cgNVSg6dtf/UFM0ogKTTgo1XOdRHsZSM0Ip3mlnyqaABnDkPYMFRBR5WWz23N8bJQBDmNpSmg8U39PZBApNYkC0xmBHqlFbyr+5/VSHV56GRNJqqkg80VhyrGO8TQIPGCSEs0nhgCRzNyKyQgkEG3iqpgQ3MWXl0n7rO46dff2vNa4KuIoo0N0hE6Qiy5QA92gJmohgp7QM3pFb1ZuvVjv1se8tWQVMwfoD6zPH6BwlCU=</latexit><latexit sha1_base64="7j8R3A0C2pGzTWc64r0DU2e0t3k=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCeCiJCHqSghePFewHtDFMtpt27WYTdjdiCfkrXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFulldW19Y3yZmVre2d3z96vtlWcSkJbJOax7AagKGeCtjTTnHYTSSEKOO0E4+up33mkUrFY3OlJQr0IhoKFjIA2km9X+2NIErg/9bN+QDXgh9y3a07dmQEvE7cgNVSg6dtf/UFM0ogKTTgo1XOdRHsZSM0Ip3mlnyqaABnDkPYMFRBR5WWz23N8bJQBDmNpSmg8U39PZBApNYkC0xmBHqlFbyr+5/VSHV56GRNJqqkg80VhyrGO8TQIPGCSEs0nhgCRzNyKyQgkEG3iqpgQ3MWXl0n7rO46dff2vNa4KuIoo0N0hE6Qiy5QA92gJmohgp7QM3pFb1ZuvVjv1se8tWQVMwfoD6zPH6BwlCU=</latexit><latexit sha1_base64="7j8R3A0C2pGzTWc64r0DU2e0t3k=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCeCiJCHqSghePFewHtDFMtpt27WYTdjdiCfkrXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFulldW19Y3yZmVre2d3z96vtlWcSkJbJOax7AagKGeCtjTTnHYTSSEKOO0E4+up33mkUrFY3OlJQr0IhoKFjIA2km9X+2NIErg/9bN+QDXgh9y3a07dmQEvE7cgNVSg6dtf/UFM0ogKTTgo1XOdRHsZSM0Ip3mlnyqaABnDkPYMFRBR5WWz23N8bJQBDmNpSmg8U39PZBApNYkC0xmBHqlFbyr+5/VSHV56GRNJqqkg80VhyrGO8TQIPGCSEs0nhgCRzNyKyQgkEG3iqpgQ3MWXl0n7rO46dff2vNa4KuIoo0N0hE6Qiy5QA92gJmohgp7QM3pFb1ZuvVjv1se8tWQVMwfoD6zPH6BwlCU=</latexit><latexit sha1_base64="7j8R3A0C2pGzTWc64r0DU2e0t3k=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCeCiJCHqSghePFewHtDFMtpt27WYTdjdiCfkrXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFulldW19Y3yZmVre2d3z96vtlWcSkJbJOax7AagKGeCtjTTnHYTSSEKOO0E4+up33mkUrFY3OlJQr0IhoKFjIA2km9X+2NIErg/9bN+QDXgh9y3a07dmQEvE7cgNVSg6dtf/UFM0ogKTTgo1XOdRHsZSM0Ip3mlnyqaABnDkPYMFRBR5WWz23N8bJQBDmNpSmg8U39PZBApNYkC0xmBHqlFbyr+5/VSHV56GRNJqqkg80VhyrGO8TQIPGCSEs0nhgCRzNyKyQgkEG3iqpgQ3MWXl0n7rO46dff2vNa4KuIoo0N0hE6Qiy5QA92gJmohgp7QM3pFb1ZuvVjv1se8tWQVMwfoD6zPH6BwlCU=</latexit>

Q↵
<latexit sha1_base64="Jgg0ctw9a58FMmv2dCZDS6Wk+oo=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePGYgHlgsoTeyWwyZHZ2mZkVwpK/8OJBEa/+jTf/xtkkQnwVNBRV3XR3BYng2rjuh1NYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Dr32/dMaR7LWzNJmB/hUPKQUzRWumv0sx6KZITTfrniVd0ZiPuLfFkVWKDeL7/3BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5tdPCUnVhmQMFa2pCEzdXkiw0jrSRTYzgjNSP/0cvEvr5ua8NLPuExSwySdLwpTQUxM8vfJgCtGjZhYglRxeyuhI1RIjQ2ptBzC/6R1VvXcqtc4r9SuFnEU4QiO4RQ8uIAa3EAdmkBBwgM8wbOjnUfnxXmdtxacxcwhfIPz9gmt7pDl</latexit><latexit sha1_base64="Jgg0ctw9a58FMmv2dCZDS6Wk+oo=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePGYgHlgsoTeyWwyZHZ2mZkVwpK/8OJBEa/+jTf/xtkkQnwVNBRV3XR3BYng2rjuh1NYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Dr32/dMaR7LWzNJmB/hUPKQUzRWumv0sx6KZITTfrniVd0ZiPuLfFkVWKDeL7/3BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5tdPCUnVhmQMFa2pCEzdXkiw0jrSRTYzgjNSP/0cvEvr5ua8NLPuExSwySdLwpTQUxM8vfJgCtGjZhYglRxeyuhI1RIjQ2ptBzC/6R1VvXcqtc4r9SuFnEU4QiO4RQ8uIAa3EAdmkBBwgM8wbOjnUfnxXmdtxacxcwhfIPz9gmt7pDl</latexit><latexit sha1_base64="Jgg0ctw9a58FMmv2dCZDS6Wk+oo=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePGYgHlgsoTeyWwyZHZ2mZkVwpK/8OJBEa/+jTf/xtkkQnwVNBRV3XR3BYng2rjuh1NYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Dr32/dMaR7LWzNJmB/hUPKQUzRWumv0sx6KZITTfrniVd0ZiPuLfFkVWKDeL7/3BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5tdPCUnVhmQMFa2pCEzdXkiw0jrSRTYzgjNSP/0cvEvr5ua8NLPuExSwySdLwpTQUxM8vfJgCtGjZhYglRxeyuhI1RIjQ2ptBzC/6R1VvXcqtc4r9SuFnEU4QiO4RQ8uIAa3EAdmkBBwgM8wbOjnUfnxXmdtxacxcwhfIPz9gmt7pDl</latexit><latexit sha1_base64="Jgg0ctw9a58FMmv2dCZDS6Wk+oo=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePGYgHlgsoTeyWwyZHZ2mZkVwpK/8OJBEa/+jTf/xtkkQnwVNBRV3XR3BYng2rjuh1NYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Dr32/dMaR7LWzNJmB/hUPKQUzRWumv0sx6KZITTfrniVd0ZiPuLfFkVWKDeL7/3BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5tdPCUnVhmQMFa2pCEzdXkiw0jrSRTYzgjNSP/0cvEvr5ua8NLPuExSwySdLwpTQUxM8vfJgCtGjZhYglRxeyuhI1RIjQ2ptBzC/6R1VvXcqtc4r9SuFnEU4QiO4RQ8uIAa3EAdmkBBwgM8wbOjnUfnxXmdtxacxcwhfIPz9gmt7pDl</latexit>

Q̄�
<latexit sha1_base64="na0UAhu466+22N3Jtbv/ka0pGFc=">AAAB+HicdVDJSgNBFOxxjXHJqEcvjUHwFGZE0JMEvHhMwCyQDMObzpukSc9Cd48Qh/kSLx4U8eqnePNv7CxC3AoeFFXv8YoKUsGVdpwPa2V1bX1js7RV3t7Z3avY+wdtlWSSYYslIpHdABQKHmNLcy2wm0qEKBDYCcbXU79zh1LxJL7VkxS9CIYxDzkDbSTfrvQDkHmz8PN+gBoK3666NWcG6vwiX1aVLNDw7ff+IGFZhLFmApTquU6qvRyk5kxgUe5nClNgYxhiz9AYIlRePgte0BOjDGiYSDOxpjN1+SKHSKlJFJjNCPRI/fSm4l9eL9PhpZfzOM00xmz+KMwE1QmdtkAHXCLTYmIIMMlNVspGIIFp01V5uYT/Sfus5jo1t3lerV8t6iiRI3JMTolLLkid3JAGaRFGMvJAnsizdW89Wi/W63x1xVrcHJJvsN4+AS6qk2c=</latexit><latexit sha1_base64="na0UAhu466+22N3Jtbv/ka0pGFc=">AAAB+HicdVDJSgNBFOxxjXHJqEcvjUHwFGZE0JMEvHhMwCyQDMObzpukSc9Cd48Qh/kSLx4U8eqnePNv7CxC3AoeFFXv8YoKUsGVdpwPa2V1bX1js7RV3t7Z3avY+wdtlWSSYYslIpHdABQKHmNLcy2wm0qEKBDYCcbXU79zh1LxJL7VkxS9CIYxDzkDbSTfrvQDkHmz8PN+gBoK3666NWcG6vwiX1aVLNDw7ff+IGFZhLFmApTquU6qvRyk5kxgUe5nClNgYxhiz9AYIlRePgte0BOjDGiYSDOxpjN1+SKHSKlJFJjNCPRI/fSm4l9eL9PhpZfzOM00xmz+KMwE1QmdtkAHXCLTYmIIMMlNVspGIIFp01V5uYT/Sfus5jo1t3lerV8t6iiRI3JMTolLLkid3JAGaRFGMvJAnsizdW89Wi/W63x1xVrcHJJvsN4+AS6qk2c=</latexit><latexit sha1_base64="na0UAhu466+22N3Jtbv/ka0pGFc=">AAAB+HicdVDJSgNBFOxxjXHJqEcvjUHwFGZE0JMEvHhMwCyQDMObzpukSc9Cd48Qh/kSLx4U8eqnePNv7CxC3AoeFFXv8YoKUsGVdpwPa2V1bX1js7RV3t7Z3avY+wdtlWSSYYslIpHdABQKHmNLcy2wm0qEKBDYCcbXU79zh1LxJL7VkxS9CIYxDzkDbSTfrvQDkHmz8PN+gBoK3666NWcG6vwiX1aVLNDw7ff+IGFZhLFmApTquU6qvRyk5kxgUe5nClNgYxhiz9AYIlRePgte0BOjDGiYSDOxpjN1+SKHSKlJFJjNCPRI/fSm4l9eL9PhpZfzOM00xmz+KMwE1QmdtkAHXCLTYmIIMMlNVspGIIFp01V5uYT/Sfus5jo1t3lerV8t6iiRI3JMTolLLkid3JAGaRFGMvJAnsizdW89Wi/W63x1xVrcHJJvsN4+AS6qk2c=</latexit><latexit sha1_base64="na0UAhu466+22N3Jtbv/ka0pGFc=">AAAB+HicdVDJSgNBFOxxjXHJqEcvjUHwFGZE0JMEvHhMwCyQDMObzpukSc9Cd48Qh/kSLx4U8eqnePNv7CxC3AoeFFXv8YoKUsGVdpwPa2V1bX1js7RV3t7Z3avY+wdtlWSSYYslIpHdABQKHmNLcy2wm0qEKBDYCcbXU79zh1LxJL7VkxS9CIYxDzkDbSTfrvQDkHmz8PN+gBoK3666NWcG6vwiX1aVLNDw7ff+IGFZhLFmApTquU6qvRyk5kxgUe5nClNgYxhiz9AYIlRePgte0BOjDGiYSDOxpjN1+SKHSKlJFJjNCPRI/fSm4l9eL9PhpZfzOM00xmz+KMwE1QmdtkAHXCLTYmIIMMlNVspGIIFp01V5uYT/Sfus5jo1t3lerV8t6iiRI3JMTolLLkid3JAGaRFGMvJAnsizdW89Wi/W63x1xVrcHJJvsN4+AS6qk2c=</latexit>

diR
<latexit sha1_base64="28NCCxg2soyt7dzXUaxYUovDArA=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaQ2tN0V3Oiuin1AG8tkMmmHTh7MTIQS+hFuXCji1u9x5984TSuo6IELh3Pu5d57vIQzqSzrw1hZXVvf2CxsFbd3dvf2SweHHRmngtA2iXkseh6WlLOIthVTnPYSQXHocdr1Jhdzv3tPhWRxdKumCXVDPIpYwAhWWur6w+xmdseGpbJlVh2nXjtHOWk4jQWpOxVkm1aOMizRGpbeB35M0pBGinAsZd+2EuVmWChGOJ0VB6mkCSYTPKJ9TSMcUulm+bkzdKoVHwWx0BUplKvfJzIcSjkNPd0ZYjWWv725+JfXT1VQdzMWJamiEVksClKOVIzmvyOfCUoUn2qCiWD6VkTGWGCidEJFHcLXp+h/0qmYtmXa19Vy82oZRwGO4QTOwIYaNOESWtAGAhN4gCd4NhLj0XgxXhetK8Zy5gh+wHj7BO/Vj/0=</latexit><latexit sha1_base64="28NCCxg2soyt7dzXUaxYUovDArA=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaQ2tN0V3Oiuin1AG8tkMmmHTh7MTIQS+hFuXCji1u9x5984TSuo6IELh3Pu5d57vIQzqSzrw1hZXVvf2CxsFbd3dvf2SweHHRmngtA2iXkseh6WlLOIthVTnPYSQXHocdr1Jhdzv3tPhWRxdKumCXVDPIpYwAhWWur6w+xmdseGpbJlVh2nXjtHOWk4jQWpOxVkm1aOMizRGpbeB35M0pBGinAsZd+2EuVmWChGOJ0VB6mkCSYTPKJ9TSMcUulm+bkzdKoVHwWx0BUplKvfJzIcSjkNPd0ZYjWWv725+JfXT1VQdzMWJamiEVksClKOVIzmvyOfCUoUn2qCiWD6VkTGWGCidEJFHcLXp+h/0qmYtmXa19Vy82oZRwGO4QTOwIYaNOESWtAGAhN4gCd4NhLj0XgxXhetK8Zy5gh+wHj7BO/Vj/0=</latexit><latexit sha1_base64="28NCCxg2soyt7dzXUaxYUovDArA=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaQ2tN0V3Oiuin1AG8tkMmmHTh7MTIQS+hFuXCji1u9x5984TSuo6IELh3Pu5d57vIQzqSzrw1hZXVvf2CxsFbd3dvf2SweHHRmngtA2iXkseh6WlLOIthVTnPYSQXHocdr1Jhdzv3tPhWRxdKumCXVDPIpYwAhWWur6w+xmdseGpbJlVh2nXjtHOWk4jQWpOxVkm1aOMizRGpbeB35M0pBGinAsZd+2EuVmWChGOJ0VB6mkCSYTPKJ9TSMcUulm+bkzdKoVHwWx0BUplKvfJzIcSjkNPd0ZYjWWv725+JfXT1VQdzMWJamiEVksClKOVIzmvyOfCUoUn2qCiWD6VkTGWGCidEJFHcLXp+h/0qmYtmXa19Vy82oZRwGO4QTOwIYaNOESWtAGAhN4gCd4NhLj0XgxXhetK8Zy5gh+wHj7BO/Vj/0=</latexit><latexit sha1_base64="28NCCxg2soyt7dzXUaxYUovDArA=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaQ2tN0V3Oiuin1AG8tkMmmHTh7MTIQS+hFuXCji1u9x5984TSuo6IELh3Pu5d57vIQzqSzrw1hZXVvf2CxsFbd3dvf2SweHHRmngtA2iXkseh6WlLOIthVTnPYSQXHocdr1Jhdzv3tPhWRxdKumCXVDPIpYwAhWWur6w+xmdseGpbJlVh2nXjtHOWk4jQWpOxVkm1aOMizRGpbeB35M0pBGinAsZd+2EuVmWChGOJ0VB6mkCSYTPKJ9TSMcUulm+bkzdKoVHwWx0BUplKvfJzIcSjkNPd0ZYjWWv725+JfXT1VQdzMWJamiEVksClKOVIzmvyOfCUoUn2qCiWD6VkTGWGCidEJFHcLXp+h/0qmYtmXa19Vy82oZRwGO4QTOwIYaNOESWtAGAhN4gCd4NhLj0XgxXhetK8Zy5gh+wHj7BO/Vj/0=</latexit>

d̄jR
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Emerging jets

Dark QCD is flavour symmetric: 
Equal numbers of every dark pion are produced in dark jets
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Different flavours emerge differently

“Emerging jets” scenario: 
all dark pions have same decay 

length (by construction)

Aligned scenario: dark pions which 
can decay to -containing final 

states emerge first
b

Aligned scenario: dark pions which 
can’t decay to -containing final 

states emerge later
b

7



CMS search 2403.01556

Top plots: “unflavored model”, all dark 
quarks couple only to down quarks

Bottom plots: aligned scenario
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Summary

Dark sector models with a -channel mediator to the SM often carry flavour structure t

If such a dark sector confines, the dark pions have flavour-specific couplings 

These affect the decay modes and lifetimes of the dark pions 

Expect more than one length scale within an emerging jet, and heavier flavours 
emerge first
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Backup
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Above black (grey) line:
10% (30%) of energy in dark 
jets will emerge within 1m 
transverse distance 

DM direct detection 
constraints imply dark pions 
should be heavier than about 
10 GeV for “emerging jets”-like 
behaviour

 = 0 3⇥3
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