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• CP violation initially observed in kaon decays by James Cronin and Val Fitch 

• CPV in the SM is not enough to explain the matter-dominant universe 

• Search for CP asymmetries in top pair production and decay using 
lepton+jets final state 
—  SM predicts very small asymmetries in tt̄ production and decay  
—  Develop a generic method to find CPV in tt̄ decay

#2

Motivation
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<latexit sha1_base64="S+Rd3iGxK2r+Op/OO7DN8/I3hCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rczf3OE2rDE/VopymGko4Ujzmj1kmdfkR1Hs0G1Zpf9xcg6yQoSA0KNAfVr/4wYZlEZZmgxvQCP7VhTrXlTOCs0s8MppRN6Ah7jioq0YT54twZuXDKkMSJdqUsWai/J3IqjZnKyHVKasdm1ZuL/3m9zMY3Yc5VmllUbLkozgSxCZn/ToZcI7Ni6ghlmrtbCRtTTZl1CVVcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwmMAzvMKbl3ov3rv3sWwtecXMKfyB9/kDgUqPpw==</latexit><latexit sha1_base64="S+Rd3iGxK2r+Op/OO7DN8/I3hCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rczf3OE2rDE/VopymGko4Ujzmj1kmdfkR1Hs0G1Zpf9xcg6yQoSA0KNAfVr/4wYZlEZZmgxvQCP7VhTrXlTOCs0s8MppRN6Ah7jioq0YT54twZuXDKkMSJdqUsWai/J3IqjZnKyHVKasdm1ZuL/3m9zMY3Yc5VmllUbLkozgSxCZn/ToZcI7Ni6ghlmrtbCRtTTZl1CVVcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwmMAzvMKbl3ov3rv3sWwtecXMKfyB9/kDgUqPpw==</latexit><latexit sha1_base64="S+Rd3iGxK2r+Op/OO7DN8/I3hCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rczf3OE2rDE/VopymGko4Ujzmj1kmdfkR1Hs0G1Zpf9xcg6yQoSA0KNAfVr/4wYZlEZZmgxvQCP7VhTrXlTOCs0s8MppRN6Ah7jioq0YT54twZuXDKkMSJdqUsWai/J3IqjZnKyHVKasdm1ZuL/3m9zMY3Yc5VmllUbLkozgSxCZn/ToZcI7Ni6ghlmrtbCRtTTZl1CVVcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwmMAzvMKbl3ov3rv3sWwtecXMKfyB9/kDgUqPpw==</latexit><latexit sha1_base64="S+Rd3iGxK2r+Op/OO7DN8/I3hCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rczf3OE2rDE/VopymGko4Ujzmj1kmdfkR1Hs0G1Zpf9xcg6yQoSA0KNAfVr/4wYZlEZZmgxvQCP7VhTrXlTOCs0s8MppRN6Ah7jioq0YT54twZuXDKkMSJdqUsWai/J3IqjZnKyHVKasdm1ZuL/3m9zMY3Yc5VmllUbLkozgSxCZn/ToZcI7Ni6ghlmrtbCRtTTZl1CVVcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwmMAzvMKbl3ov3rv3sWwtecXMKfyB9/kDgUqPpw==</latexit>

l
<latexit sha1_base64="uqw8aWD0vsMutD3NXxXNfc+GkKs=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDSyYzs</latexit><latexit sha1_base64="uqw8aWD0vsMutD3NXxXNfc+GkKs=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDSyYzs</latexit><latexit sha1_base64="uqw8aWD0vsMutD3NXxXNfc+GkKs=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDSyYzs</latexit><latexit sha1_base64="uqw8aWD0vsMutD3NXxXNfc+GkKs=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDSyYzs</latexit>

j1
<latexit sha1_base64="0aW5v2nzIUCtv1C1MRe3eV1+aTY=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbiziWXQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9499r1+uuFU3B1kl3oJU6qeQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278LD91Ss6tMiBhrG0pJLn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xwys+ESlLkis0XhakkGJPZ32QgNGcoJ5ZQpoW9lbAR1ZShTadkQ/CWX14lrcuq51a9O5vG9TwNKMIJnMEFeFCDOtxCA5rAYAjP8ApvjnRenHfnY95acBYzx/AHzucPchCN6g==</latexit><latexit sha1_base64="0aW5v2nzIUCtv1C1MRe3eV1+aTY=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbiziWXQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9499r1+uuFU3B1kl3oJU6qeQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278LD91Ss6tMiBhrG0pJLn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xwys+ESlLkis0XhakkGJPZ32QgNGcoJ5ZQpoW9lbAR1ZShTadkQ/CWX14lrcuq51a9O5vG9TwNKMIJnMEFeFCDOtxCA5rAYAjP8ApvjnRenHfnY95acBYzx/AHzucPchCN6g==</latexit><latexit sha1_base64="0aW5v2nzIUCtv1C1MRe3eV1+aTY=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbiziWXQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9499r1+uuFU3B1kl3oJU6qeQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278LD91Ss6tMiBhrG0pJLn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xwys+ESlLkis0XhakkGJPZ32QgNGcoJ5ZQpoW9lbAR1ZShTadkQ/CWX14lrcuq51a9O5vG9TwNKMIJnMEFeFCDOtxCA5rAYAjP8ApvjnRenHfnY95acBYzx/AHzucPchCN6g==</latexit><latexit sha1_base64="v3mcMgy1Azspk9Zffff1SjDwTEo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0m86LHoxWNF+wFtKJvtpl272YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9Lxvp7S2vrG5Vd6u7Ozu7R+4h0ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+H4Zua3n7g2IlEPOEl5ENOhEpFgFK10/9j3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQW5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af+dV69dFHGU4gVM4Bx8uoQ630IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfUNjY4=</latexit>

j2
<latexit sha1_base64="Qc1B5RwryxhXYBa3/fJfEVWcLmM=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbhLo2XQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK94/9Wr9ccatuDrJKvAWp1E8hR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz4WX7qlJxbZUDCWNtSSHL190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFZsvClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWrWq51a9O5vG9TwNKMIJnMEFeHAJdbiFBjSBwRCe4RXeHOm8OO/Ox7y14CxmjuEPnM8fc5SN6w==</latexit><latexit sha1_base64="Qc1B5RwryxhXYBa3/fJfEVWcLmM=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbhLo2XQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK94/9Wr9ccatuDrJKvAWp1E8hR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz4WX7qlJxbZUDCWNtSSHL190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFZsvClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWrWq51a9O5vG9TwNKMIJnMEFeHAJdbiFBjSBwRCe4RXeHOm8OO/Ox7y14CxmjuEPnM8fc5SN6w==</latexit><latexit sha1_base64="Qc1B5RwryxhXYBa3/fJfEVWcLmM=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbhLo2XQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK94/9Wr9ccatuDrJKvAWp1E8hR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz4WX7qlJxbZUDCWNtSSHL190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFZsvClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWrWq51a9O5vG9TwNKMIJnMEFeHAJdbiFBjSBwRCe4RXeHOm8OO/Ox7y14CxmjuEPnM8fc5SN6w==</latexit><latexit sha1_base64="ZH6En+eQZnoTby3vaSiqFzBbZmk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLDHKRwIXsrfswcre3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTm7nfeeLaiFg94DThfkRHSoSCUbTS/eOgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw7qfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvTu30rjO4yjCGZzDJXhwBQ24hSa0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD/aRjY8=</latexit>

ν
<latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit><latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit><latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit><latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit>
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• Measure CPV through T-odd triple product observables  
—  CPV can be observed by the kinematics of final states objects 

• Results are presented by the value of A’CP 
—  Asymmetry is measured by counting-event method 
—  SM predicts zero value

#3

Introduction

Muon channel

t̄
<latexit sha1_base64="J58hZWErB6SrtbJvJiQVvv6XyCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW+zlyzZ3Tt254Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpVJY9P1vr7SxubW9U96t7O0fHB5Vj0/aNskM4y2WyMR0I2q5FJq3UKDk3dRwqiLJO9Hkbu53nrixItGPOE15qOhIi1gwik7q9CNqcpwNqjW/7i9A1klQkBoUaA6qX/1hwjLFNTJJre0FfophTg0KJvms0s8sTymb0BHvOaqp4jbMF+fOyIVThiROjCuNZKH+nsipsnaqItepKI7tqjcX//N6GcY3YS50miHXbLkoziTBhMx/J0NhOEM5dYQyI9ythI2poQxdQhUXQrD68jppX9UDvx48+LXGbRFHGc7gHC4hgGtowD00oQUMJvAMr/Dmpd6L9+59LFtLXjFzCn/gff4AnKSPuQ==</latexit><latexit sha1_base64="J58hZWErB6SrtbJvJiQVvv6XyCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW+zlyzZ3Tt254Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpVJY9P1vr7SxubW9U96t7O0fHB5Vj0/aNskM4y2WyMR0I2q5FJq3UKDk3dRwqiLJO9Hkbu53nrixItGPOE15qOhIi1gwik7q9CNqcpwNqjW/7i9A1klQkBoUaA6qX/1hwjLFNTJJre0FfophTg0KJvms0s8sTymb0BHvOaqp4jbMF+fOyIVThiROjCuNZKH+nsipsnaqItepKI7tqjcX//N6GcY3YS50miHXbLkoziTBhMx/J0NhOEM5dYQyI9ythI2poQxdQhUXQrD68jppX9UDvx48+LXGbRFHGc7gHC4hgGtowD00oQUMJvAMr/Dmpd6L9+59LFtLXjFzCn/gff4AnKSPuQ==</latexit><latexit sha1_base64="J58hZWErB6SrtbJvJiQVvv6XyCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW+zlyzZ3Tt254Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpVJY9P1vr7SxubW9U96t7O0fHB5Vj0/aNskM4y2WyMR0I2q5FJq3UKDk3dRwqiLJO9Hkbu53nrixItGPOE15qOhIi1gwik7q9CNqcpwNqjW/7i9A1klQkBoUaA6qX/1hwjLFNTJJre0FfophTg0KJvms0s8sTymb0BHvOaqp4jbMF+fOyIVThiROjCuNZKH+nsipsnaqItepKI7tqjcX//N6GcY3YS50miHXbLkoziTBhMx/J0NhOEM5dYQyI9ythI2poQxdQhUXQrD68jppX9UDvx48+LXGbRFHGc7gHC4hgGtowD00oQUMJvAMr/Dmpd6L9+59LFtLXjFzCn/gff4AnKSPuQ==</latexit><latexit sha1_base64="J58hZWErB6SrtbJvJiQVvv6XyCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW+zlyzZ3Tt254Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpVJY9P1vr7SxubW9U96t7O0fHB5Vj0/aNskM4y2WyMR0I2q5FJq3UKDk3dRwqiLJO9Hkbu53nrixItGPOE15qOhIi1gwik7q9CNqcpwNqjW/7i9A1klQkBoUaA6qX/1hwjLFNTJJre0FfophTg0KJvms0s8sTymb0BHvOaqp4jbMF+fOyIVThiROjCuNZKH+nsipsnaqItepKI7tqjcX//N6GcY3YS50miHXbLkoziTBhMx/J0NhOEM5dYQyI9ythI2poQxdQhUXQrD68jppX9UDvx48+LXGbRFHGc7gHC4hgGtowD00oQUMJvAMr/Dmpd6L9+59LFtLXjFzCn/gff4AnKSPuQ==</latexit>

t
<latexit sha1_base64="84yCtWkvOB93GhRL4GpPe8vxj/Y=">AAAB6HicbVA9TwJBEJ3DL8Qv1NLmIjGxInc2WhJtLCGRjwQuZG+Zg5W9vcvunAkh/AIbC42x9SfZ+W9c4AoFXzLJy3szmZkXplIY8rxvp7CxubW9U9wt7e0fHB6Vj09aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDsd3c7/9hNqIRD3QJMUgZkMlIsEZWalB/XLFq3oLuOvEz0kFctT75a/eIOFZjIq4ZMZ0fS+lYMo0CS5xVuplBlPGx2yIXUsVi9EE08WhM/fCKgM3SrQtRe5C/T0xZbExkzi0nTGjkVn15uJ/Xjej6CaYCpVmhIovF0WZdClx51+7A6GRk5xYwrgW9laXj5hmnGw2JRuCv/ryOmldVX2v6je8Su02j6MIZ3AOl+DDNdTgHurQBA4Iz/AKb86j8+K8Ox/L1oKTz5zCHzifP97pjPQ=</latexit><latexit sha1_base64="84yCtWkvOB93GhRL4GpPe8vxj/Y=">AAAB6HicbVA9TwJBEJ3DL8Qv1NLmIjGxInc2WhJtLCGRjwQuZG+Zg5W9vcvunAkh/AIbC42x9SfZ+W9c4AoFXzLJy3szmZkXplIY8rxvp7CxubW9U9wt7e0fHB6Vj09aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDsd3c7/9hNqIRD3QJMUgZkMlIsEZWalB/XLFq3oLuOvEz0kFctT75a/eIOFZjIq4ZMZ0fS+lYMo0CS5xVuplBlPGx2yIXUsVi9EE08WhM/fCKgM3SrQtRe5C/T0xZbExkzi0nTGjkVn15uJ/Xjej6CaYCpVmhIovF0WZdClx51+7A6GRk5xYwrgW9laXj5hmnGw2JRuCv/ryOmldVX2v6je8Su02j6MIZ3AOl+DDNdTgHurQBA4Iz/AKb86j8+K8Ox/L1oKTz5zCHzifP97pjPQ=</latexit><latexit sha1_base64="84yCtWkvOB93GhRL4GpPe8vxj/Y=">AAAB6HicbVA9TwJBEJ3DL8Qv1NLmIjGxInc2WhJtLCGRjwQuZG+Zg5W9vcvunAkh/AIbC42x9SfZ+W9c4AoFXzLJy3szmZkXplIY8rxvp7CxubW9U9wt7e0fHB6Vj09aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDsd3c7/9hNqIRD3QJMUgZkMlIsEZWalB/XLFq3oLuOvEz0kFctT75a/eIOFZjIq4ZMZ0fS+lYMo0CS5xVuplBlPGx2yIXUsVi9EE08WhM/fCKgM3SrQtRe5C/T0xZbExkzi0nTGjkVn15uJ/Xjej6CaYCpVmhIovF0WZdClx51+7A6GRk5xYwrgW9laXj5hmnGw2JRuCv/ryOmldVX2v6je8Su02j6MIZ3AOl+DDNdTgHurQBA4Iz/AKb86j8+K8Ox/L1oKTz5zCHzifP97pjPQ=</latexit><latexit sha1_base64="84yCtWkvOB93GhRL4GpPe8vxj/Y=">AAAB6HicbVA9TwJBEJ3DL8Qv1NLmIjGxInc2WhJtLCGRjwQuZG+Zg5W9vcvunAkh/AIbC42x9SfZ+W9c4AoFXzLJy3szmZkXplIY8rxvp7CxubW9U9wt7e0fHB6Vj09aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDsd3c7/9hNqIRD3QJMUgZkMlIsEZWalB/XLFq3oLuOvEz0kFctT75a/eIOFZjIq4ZMZ0fS+lYMo0CS5xVuplBlPGx2yIXUsVi9EE08WhM/fCKgM3SrQtRe5C/T0xZbExkzi0nTGjkVn15uJ/Xjej6CaYCpVmhIovF0WZdClx51+7A6GRk5xYwrgW9laXj5hmnGw2JRuCv/ryOmldVX2v6je8Su02j6MIZ3AOl+DDNdTgHurQBA4Iz/AKb86j8+K8Ox/L1oKTz5zCHzifP97pjPQ=</latexit>

W−
<latexit sha1_base64="C2J4YD2lD4x8hcIBTGJkAq5mbWo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iziWXQxjKi+YDkDHubuWTJ3t6xuyeEIz/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJYPZpKgH9Gh5CFn1Fjpvv140S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqnfnVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQho12</latexit><latexit sha1_base64="C2J4YD2lD4x8hcIBTGJkAq5mbWo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iziWXQxjKi+YDkDHubuWTJ3t6xuyeEIz/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJYPZpKgH9Gh5CFn1Fjpvv140S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqnfnVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQho12</latexit><latexit sha1_base64="C2J4YD2lD4x8hcIBTGJkAq5mbWo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iziWXQxjKi+YDkDHubuWTJ3t6xuyeEIz/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJYPZpKgH9Gh5CFn1Fjpvv140S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqnfnVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQho12</latexit><latexit sha1_base64="C2J4YD2lD4x8hcIBTGJkAq5mbWo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iziWXQxjKi+YDkDHubuWTJ3t6xuyeEIz/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJYPZpKgH9Gh5CFn1Fjpvv140S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqnfnVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQho12</latexit>

W+
<latexit sha1_base64="O8Uogqko+kgwWs/uVK7esFthxhk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEripR6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSffvxol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve/OrdSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHNfo10</latexit><latexit sha1_base64="O8Uogqko+kgwWs/uVK7esFthxhk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEripR6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSffvxol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve/OrdSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHNfo10</latexit><latexit sha1_base64="O8Uogqko+kgwWs/uVK7esFthxhk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEripR6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSffvxol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve/OrdSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHNfo10</latexit><latexit sha1_base64="O8Uogqko+kgwWs/uVK7esFthxhk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEripR6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSffvxol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve/OrdSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHNfo10</latexit>

b
<latexit sha1_base64="djrk/qzSgxjD0n1fXoo/cYfQx2o=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLNEIksCF7C1zsGFv77K7Z0Iu/AMbC42x9R/Z+W9c4AoFXzLJy3szmZkXplIYS+m3V1pb39jcKm9Xdnb39g+qh0dtk2SaY4snMtGdkBmUQmHLCiuxk2pkcSjxMRzfzPzHJ9RGJOrBTlIMYjZUIhKcWSfdh6RfrdE6nYOsEr8gNSjQ7Fe/eoOEZzEqyyUzpuvT1AY501ZwidNKLzOYMj5mQ+w6qliMJsjnl07JmVMGJEq0K2XJXP09kbPYmEkcus6Y2ZFZ9mbif143s9FVkAuVZhYVXyyKMklsQmZvk4HQyK2cOMK4Fu5WwkdMM25dOBUXgr/88ippX9R9WvfvaK1xXcRRhhM4hXPw4RIacAtNaAGHCJ7hFd68sffivXsfi9aSV8wcwx94nz8Zdo0M</latexit><latexit sha1_base64="djrk/qzSgxjD0n1fXoo/cYfQx2o=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLNEIksCF7C1zsGFv77K7Z0Iu/AMbC42x9R/Z+W9c4AoFXzLJy3szmZkXplIYS+m3V1pb39jcKm9Xdnb39g+qh0dtk2SaY4snMtGdkBmUQmHLCiuxk2pkcSjxMRzfzPzHJ9RGJOrBTlIMYjZUIhKcWSfdh6RfrdE6nYOsEr8gNSjQ7Fe/eoOEZzEqyyUzpuvT1AY501ZwidNKLzOYMj5mQ+w6qliMJsjnl07JmVMGJEq0K2XJXP09kbPYmEkcus6Y2ZFZ9mbif143s9FVkAuVZhYVXyyKMklsQmZvk4HQyK2cOMK4Fu5WwkdMM25dOBUXgr/88ippX9R9WvfvaK1xXcRRhhM4hXPw4RIacAtNaAGHCJ7hFd68sffivXsfi9aSV8wcwx94nz8Zdo0M</latexit><latexit sha1_base64="djrk/qzSgxjD0n1fXoo/cYfQx2o=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLNEIksCF7C1zsGFv77K7Z0Iu/AMbC42x9R/Z+W9c4AoFXzLJy3szmZkXplIYS+m3V1pb39jcKm9Xdnb39g+qh0dtk2SaY4snMtGdkBmUQmHLCiuxk2pkcSjxMRzfzPzHJ9RGJOrBTlIMYjZUIhKcWSfdh6RfrdE6nYOsEr8gNSjQ7Fe/eoOEZzEqyyUzpuvT1AY501ZwidNKLzOYMj5mQ+w6qliMJsjnl07JmVMGJEq0K2XJXP09kbPYmEkcus6Y2ZFZ9mbif143s9FVkAuVZhYVXyyKMklsQmZvk4HQyK2cOMK4Fu5WwkdMM25dOBUXgr/88ippX9R9WvfvaK1xXcRRhhM4hXPw4RIacAtNaAGHCJ7hFd68sffivXsfi9aSV8wcwx94nz8Zdo0M</latexit><latexit sha1_base64="djrk/qzSgxjD0n1fXoo/cYfQx2o=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLNEIksCF7C1zsGFv77K7Z0Iu/AMbC42x9R/Z+W9c4AoFXzLJy3szmZkXplIYS+m3V1pb39jcKm9Xdnb39g+qh0dtk2SaY4snMtGdkBmUQmHLCiuxk2pkcSjxMRzfzPzHJ9RGJOrBTlIMYjZUIhKcWSfdh6RfrdE6nYOsEr8gNSjQ7Fe/eoOEZzEqyyUzpuvT1AY501ZwidNKLzOYMj5mQ+w6qliMJsjnl07JmVMGJEq0K2XJXP09kbPYmEkcus6Y2ZFZ9mbif143s9FVkAuVZhYVXyyKMklsQmZvk4HQyK2cOMK4Fu5WwkdMM25dOBUXgr/88ippX9R9WvfvaK1xXcRRhhM4hXPw4RIacAtNaAGHCJ7hFd68sffivXsfi9aSV8wcwx94nz8Zdo0M</latexit>

b̄
<latexit sha1_base64="S+Rd3iGxK2r+Op/OO7DN8/I3hCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rczf3OE2rDE/VopymGko4Ujzmj1kmdfkR1Hs0G1Zpf9xcg6yQoSA0KNAfVr/4wYZlEZZmgxvQCP7VhTrXlTOCs0s8MppRN6Ah7jioq0YT54twZuXDKkMSJdqUsWai/J3IqjZnKyHVKasdm1ZuL/3m9zMY3Yc5VmllUbLkozgSxCZn/ToZcI7Ni6ghlmrtbCRtTTZl1CVVcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwmMAzvMKbl3ov3rv3sWwtecXMKfyB9/kDgUqPpw==</latexit><latexit sha1_base64="S+Rd3iGxK2r+Op/OO7DN8/I3hCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rczf3OE2rDE/VopymGko4Ujzmj1kmdfkR1Hs0G1Zpf9xcg6yQoSA0KNAfVr/4wYZlEZZmgxvQCP7VhTrXlTOCs0s8MppRN6Ah7jioq0YT54twZuXDKkMSJdqUsWai/J3IqjZnKyHVKasdm1ZuL/3m9zMY3Yc5VmllUbLkozgSxCZn/ToZcI7Ni6ghlmrtbCRtTTZl1CVVcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwmMAzvMKbl3ov3rv3sWwtecXMKfyB9/kDgUqPpw==</latexit><latexit sha1_base64="S+Rd3iGxK2r+Op/OO7DN8/I3hCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rczf3OE2rDE/VopymGko4Ujzmj1kmdfkR1Hs0G1Zpf9xcg6yQoSA0KNAfVr/4wYZlEZZmgxvQCP7VhTrXlTOCs0s8MppRN6Ah7jioq0YT54twZuXDKkMSJdqUsWai/J3IqjZnKyHVKasdm1ZuL/3m9zMY3Yc5VmllUbLkozgSxCZn/ToZcI7Ni6ghlmrtbCRtTTZl1CVVcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwmMAzvMKbl3ov3rv3sWwtecXMKfyB9/kDgUqPpw==</latexit><latexit sha1_base64="S+Rd3iGxK2r+Op/OO7DN8/I3hCw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rczf3OE2rDE/VopymGko4Ujzmj1kmdfkR1Hs0G1Zpf9xcg6yQoSA0KNAfVr/4wYZlEZZmgxvQCP7VhTrXlTOCs0s8MppRN6Ah7jioq0YT54twZuXDKkMSJdqUsWai/J3IqjZnKyHVKasdm1ZuL/3m9zMY3Yc5VmllUbLkozgSxCZn/ToZcI7Ni6ghlmrtbCRtTTZl1CVVcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwmMAzvMKbl3ov3rv3sWwtecXMKfyB9/kDgUqPpw==</latexit>

l
<latexit sha1_base64="uqw8aWD0vsMutD3NXxXNfc+GkKs=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDSyYzs</latexit><latexit sha1_base64="uqw8aWD0vsMutD3NXxXNfc+GkKs=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDSyYzs</latexit><latexit sha1_base64="uqw8aWD0vsMutD3NXxXNfc+GkKs=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDSyYzs</latexit><latexit sha1_base64="uqw8aWD0vsMutD3NXxXNfc+GkKs=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDSyYzs</latexit>

j1
<latexit sha1_base64="0aW5v2nzIUCtv1C1MRe3eV1+aTY=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbiziWXQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9499r1+uuFU3B1kl3oJU6qeQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278LD91Ss6tMiBhrG0pJLn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xwys+ESlLkis0XhakkGJPZ32QgNGcoJ5ZQpoW9lbAR1ZShTadkQ/CWX14lrcuq51a9O5vG9TwNKMIJnMEFeFCDOtxCA5rAYAjP8ApvjnRenHfnY95acBYzx/AHzucPchCN6g==</latexit><latexit sha1_base64="0aW5v2nzIUCtv1C1MRe3eV1+aTY=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbiziWXQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9499r1+uuFU3B1kl3oJU6qeQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278LD91Ss6tMiBhrG0pJLn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xwys+ESlLkis0XhakkGJPZ32QgNGcoJ5ZQpoW9lbAR1ZShTadkQ/CWX14lrcuq51a9O5vG9TwNKMIJnMEFeFCDOtxCA5rAYAjP8ApvjnRenHfnY95acBYzx/AHzucPchCN6g==</latexit><latexit sha1_base64="0aW5v2nzIUCtv1C1MRe3eV1+aTY=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbiziWXQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9499r1+uuFU3B1kl3oJU6qeQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278LD91Ss6tMiBhrG0pJLn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xwys+ESlLkis0XhakkGJPZ32QgNGcoJ5ZQpoW9lbAR1ZShTadkQ/CWX14lrcuq51a9O5vG9TwNKMIJnMEFeFCDOtxCA5rAYAjP8ApvjnRenHfnY95acBYzx/AHzucPchCN6g==</latexit><latexit sha1_base64="v3mcMgy1Azspk9Zffff1SjDwTEo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0m86LHoxWNF+wFtKJvtpl272YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9Lxvp7S2vrG5Vd6u7Ozu7R+4h0ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+H4Zua3n7g2IlEPOEl5ENOhEpFgFK10/9j3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQW5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af+dV69dFHGU4gVM4Bx8uoQ630IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfUNjY4=</latexit>

j2
<latexit sha1_base64="Qc1B5RwryxhXYBa3/fJfEVWcLmM=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbhLo2XQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK94/9Wr9ccatuDrJKvAWp1E8hR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz4WX7qlJxbZUDCWNtSSHL190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFZsvClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWrWq51a9O5vG9TwNKMIJnMEFeHAJdbiFBjSBwRCe4RXeHOm8OO/Ox7y14CxmjuEPnM8fc5SN6w==</latexit><latexit sha1_base64="Qc1B5RwryxhXYBa3/fJfEVWcLmM=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbhLo2XQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK94/9Wr9ccatuDrJKvAWp1E8hR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz4WX7qlJxbZUDCWNtSSHL190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFZsvClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWrWq51a9O5vG9TwNKMIJnMEFeHAJdbiFBjSBwRCe4RXeHOm8OO/Ox7y14CxmjuEPnM8fc5SN6w==</latexit><latexit sha1_base64="Qc1B5RwryxhXYBa3/fJfEVWcLmM=">AAAB6nicbVA9SwNBEJ2LXzF+RS21WAyCVbhLo2XQxjKi+YDkCHubvWTN3t6xOyeEIz/BxkIRW3+Rnf/GzSWFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK94/9Wr9ccatuDrJKvAWp1E8hR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz4WX7qlJxbZUDCWNtSSHL190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFZsvClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWrWq51a9O5vG9TwNKMIJnMEFeHAJdbiFBjSBwRCe4RXeHOm8OO/Ox7y14CxmjuEPnM8fc5SN6w==</latexit><latexit sha1_base64="ZH6En+eQZnoTby3vaSiqFzBbZmk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLDHKRwIXsrfswcre3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTm7nfeeLaiFg94DThfkRHSoSCUbTS/eOgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw7qfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvTu30rjO4yjCGZzDJXhwBQ24hSa0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD/aRjY8=</latexit>

ν
<latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit><latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit><latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit><latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit>

T-odd observables

Counting-event method
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Analysis flow

#4

Top  
Reconstruction

Use Run-2 dataset

Exactly one  
lepton and at least  

four jets (2 b-tagged)

Template fit method

Pseudo-data 
experiment

Detector bias

Event 
 Selection

Background 
Subtraction

Chi square  
minimum study

Optimization cut
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• Template fit results with systematic and statistic uncertainties 
—  Data and the fitted distribution show reasonable agreement 
—  Purity of estimated tt̄ events is around 93.5% after applying upper 
bound on Mlb

#5

Fitting results

Electron channel
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Muon channel
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• The previous published 8TeV 
studies has been fully deployed  

• High purity (93.5%) in signal 
region

#6

Conclusion

TOP-16-001
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• Dominant systematics have been 
improved by a factor of 2.5-3
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Thank you for your attention


