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The future colliders

<latexit sha1_base64="I0k2eC4LfoALppu97NxiS6955uY=">AAACBnicbVDLTsJAFJ3iC/GFunTTSExckdYYdEl04xITXgk0ZDrcwoRpp5m5NZCGvT/gVv/AnXHrb/gDfocDdCHgSSY5Oefe3DPHjwXX6DjfVm5jc2t7J79b2Ns/ODwqHp80tUwUgwaTQqq2TzUIHkEDOQpoxwpo6Ato+aP7md96AqW5jOo4icEL6SDiAWcUjdTpIowxrfMQpr1iySk7c9jrxM1IiWSo9Yo/3b5kSQgRMkG17rhOjF5KFXImYFroJhpiykZ0AB1DIxqC9tJ55Kl9YZS+HUhlXoT2XP27kdJQ60nom8mQ4lCvejPxP6+TYHDrpTyKE4SILQ4FibBR2rP/232ugKGYGEKZ4iarzYZUUYampaUr40XUginGXa1hnTSvym6lXHm8LlXvsory5Iyck0vikhtSJQ+kRhqEEUleyCt5s56td+vD+lyM5qxs55Qswfr6BUY0miE=</latexit>

Time
<latexit sha1_base64="SK9/wkLG5N7piKuVAfFyucKeVnM=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRVqsuiG5cV7APaUCbTSTt0MgkzE7GELvwBt/oH7sStn+IP+B1Omixs64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nUcqFQvFg55G1A3wSDCfEaxTqWZf2INyxa7ac6BV4uSkAjmag/JPfxiSOKBCE46V6jl2pN0ES80Ip7NSP1Y0wmSCR7RnqMABVW4yzzpDZ0YZIj+U5gmN5urfjQQHSk0Dz0wGWI/VspeK/3m9WPvXbsJEFGsqSHbIjznSIUo/joZMUqL51BBMJDNZERljiYk29SxcecqilkwxznINq6Rdqzr1av3+stK4ySsqwgmcwjk4cAUNuIMmtIDAGF7gFd6sZ+vd+rA+s9GCle8cwwKsr1/6/JX4</latexit>

2030
<latexit sha1_base64="7vvmzNRpQ88ybAS5Rpsy0q1H8bw=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiSlVJdFNy4r2Ae0oUymk3boZBJmJmIJXfgDbvUP3IlbP8Uf8DucNFnY1gMDh3Pu5Z45XsSZ0rb9bRU2Nre2d4q7pb39g8Oj8vFJR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Db1u49UKhaKBz2LqBvgsWA+I1inUs2u28Nyxa7aC6B14uSkAjlaw/LPYBSSOKBCE46V6jt2pN0ES80Ip/PSIFY0wmSKx7RvqMABVW6yyDpHF0YZIT+U5gmNFurfjQQHSs0Cz0wGWE/UqpeK/3n9WPvXbsJEFGsqSHbIjznSIUo/jkZMUqL5zBBMJDNZEZlgiYk29SxdecqilkwxzmoN66RTqzqNauO+Xmne5BUV4QzO4RIcuIIm3EEL2kBgAi/wCm/Ws/VufVif2WjByndOYQnW1y/8lZX5</latexit>

2040

Future Circular Collider 
e+e-

<latexit sha1_base64="blXp8bIrXEMTWLEm6Fu9a5Kyx7g=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRFq8uiG5cV7APaUCbTSTt0MgkzE7GELvwBt/oH7sStn+IP+B1Omixs64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nUcqFQvFg55G1A3wSDCfEaxTqWZf2oNyxa7ac6BV4uSkAjmag/JPfxiSOKBCE46V6jl2pN0ES80Ip7NSP1Y0wmSCR7RnqMABVW4yzzpDZ0YZIj+U5gmN5urfjQQHSk0Dz0wGWI/VspeK/3m9WPvXbsJEFGsqSHbIjznSIUo/joZMUqL51BBMJDNZERljiYk29SxcecqilkwxznINq6Rdqzr1av3+otK4ySsqwgmcwjk4cAUNuIMmtIDAGF7gFd6sZ+vd+rA+s9GCle8cwwKsr1/+LpX6</latexit>

2050

100 TeV Future Circular Collider 
pp

High Luminosity-
LHC

International Linear Collider  
e+e-

3 & 10 TeV muon collider

The electron-ion collider 

<latexit sha1_base64="ZZGu+C5XME/22zc+ukZGBUIgYTI=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFcDTMi1WXRjcuK9gHtUDJppg1NMkOSEctQ8Afc6h+4E7f+ij/gd5i2s7CtBwKHc+7lnpww4Uwbz/t2VlbX1jc2C1vF7Z3dvf3SwWFDx6kitE5iHqtWiDXlTNK6YYbTVqIoFiGnzXB4M/Gbj1RpFssHM0poIHBfsogRbKx077put1T2XG8KtEz8nJQhR61b+un0YpIKKg3hWOu27yUmyLAyjHA6LnZSTRNMhrhP25ZKLKgOsmnUMTq1Sg9FsbJPGjRV/25kWGg9EqGdFNgM9KI3Ef/z2qmJroKMySQ1VJLZoSjlyMRo8m/UY4oSw0eWYKKYzYrIACtMjG1n7srTLGrRFuMv1rBMGueuX3Erdxfl6nVeUQGO4QTOwIdLqMIt1KAOBPrwAq/w5jw7786H8zkbXXHynSOYg/P1C3dZlbM=</latexit>...<latexit sha1_base64="SK9/wkLG5N7piKuVAfFyucKeVnM=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRVqsuiG5cV7APaUCbTSTt0MgkzE7GELvwBt/oH7sStn+IP+B1Omixs64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nUcqFQvFg55G1A3wSDCfEaxTqWZf2INyxa7ac6BV4uSkAjmag/JPfxiSOKBCE46V6jl2pN0ES80Ip7NSP1Y0wmSCR7RnqMABVW4yzzpDZ0YZIj+U5gmN5urfjQQHSk0Dz0wGWI/VspeK/3m9WPvXbsJEFGsqSHbIjznSIUo/joZMUqL51BBMJDNZERljiYk29SxcecqilkwxznINq6Rdqzr1av3+stK4ySsqwgmcwjk4cAUNuIMmtIDAGF7gFd6sZ+vd+rA+s9GCle8cwwKsr1/6/JX4</latexit>

2030
<latexit sha1_base64="7vvmzNRpQ88ybAS5Rpsy0q1H8bw=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiSlVJdFNy4r2Ae0oUymk3boZBJmJmIJXfgDbvUP3IlbP8Uf8DucNFnY1gMDh3Pu5Z45XsSZ0rb9bRU2Nre2d4q7pb39g8Oj8vFJR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Db1u49UKhaKBz2LqBvgsWA+I1inUs2u28Nyxa7aC6B14uSkAjlaw/LPYBSSOKBCE46V6jt2pN0ES80Ip/PSIFY0wmSKx7RvqMABVW6yyDpHF0YZIT+U5gmNFurfjQQHSs0Cz0wGWE/UqpeK/3n9WPvXbsJEFGsqSHbIjznSIUo/jkZMUqL5zBBMJDNZEZlgiYk29SxdecqilkwxzmoN66RTqzqNauO+Xmne5BUV4QzO4RIcuIIm3EEL2kBgAi/wCm/Ws/VufVif2WjByndOYQnW1y/8lZX5</latexit>

2040

Future Circular Collider 
e+e-

<latexit sha1_base64="blXp8bIrXEMTWLEm6Fu9a5Kyx7g=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRFq8uiG5cV7APaUCbTSTt0MgkzE7GELvwBt/oH7sStn+IP+B1Omixs64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nUcqFQvFg55G1A3wSDCfEaxTqWZf2oNyxa7ac6BV4uSkAjmag/JPfxiSOKBCE46V6jl2pN0ES80Ip7NSP1Y0wmSCR7RnqMABVW4yzzpDZ0YZIj+U5gmN5urfjQQHSk0Dz0wGWI/VspeK/3m9WPvXbsJEFGsqSHbIjznSIUo/joZMUqL51BBMJDNZERljiYk29SxcecqilkwxznINq6Rdqzr1av3+otK4ySsqwgmcwjk4cAUNuIMmtIDAGF7gFd6sZ+vd+rA+s9GCle8cwwKsr1/+LpX6</latexit>

2050

100 TeV Future Circular Collider 
pp

High Luminosity-
LHC

International Linear Collider  
e+e-

<latexit sha1_base64="ZZGu+C5XME/22zc+ukZGBUIgYTI=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFcDTMi1WXRjcuK9gHtUDJppg1NMkOSEctQ8Afc6h+4E7f+ij/gd5i2s7CtBwKHc+7lnpww4Uwbz/t2VlbX1jc2C1vF7Z3dvf3SwWFDx6kitE5iHqtWiDXlTNK6YYbTVqIoFiGnzXB4M/Gbj1RpFssHM0poIHBfsogRbKx077put1T2XG8KtEz8nJQhR61b+un0YpIKKg3hWOu27yUmyLAyjHA6LnZSTRNMhrhP25ZKLKgOsmnUMTq1Sg9FsbJPGjRV/25kWGg9EqGdFNgM9KI3Ef/z2qmJroKMySQ1VJLZoSjlyMRo8m/UY4oSw0eWYKKYzYrIACtMjG1n7srTLGrRFuMv1rBMGueuX3Erdxfl6nVeUQGO4QTOwIdLqMIt1KAOBPrwAq/w5jw7786H8zkbXXHynSOYg/P1C3dZlbM=</latexit>... <latexit sha1_base64="I0k2eC4LfoALppu97NxiS6955uY=">AAACBnicbVDLTsJAFJ3iC/GFunTTSExckdYYdEl04xITXgk0ZDrcwoRpp5m5NZCGvT/gVv/AnXHrb/gDfocDdCHgSSY5Oefe3DPHjwXX6DjfVm5jc2t7J79b2Ns/ODwqHp80tUwUgwaTQqq2TzUIHkEDOQpoxwpo6Ato+aP7md96AqW5jOo4icEL6SDiAWcUjdTpIowxrfMQpr1iySk7c9jrxM1IiWSo9Yo/3b5kSQgRMkG17rhOjF5KFXImYFroJhpiykZ0AB1DIxqC9tJ55Kl9YZS+HUhlXoT2XP27kdJQ60nom8mQ4lCvejPxP6+TYHDrpTyKE4SILQ4FibBR2rP/232ugKGYGEKZ4iarzYZUUYampaUr40XUginGXa1hnTSvym6lXHm8LlXvsory5Iyck0vikhtSJQ+kRhqEEUleyCt5s56td+vD+lyM5qxs55Qswfr6BUY0miE=</latexit>

Time

3 & 10 TeV muon collider
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The future colliders

<latexit sha1_base64="I0k2eC4LfoALppu97NxiS6955uY=">AAACBnicbVDLTsJAFJ3iC/GFunTTSExckdYYdEl04xITXgk0ZDrcwoRpp5m5NZCGvT/gVv/AnXHrb/gDfocDdCHgSSY5Oefe3DPHjwXX6DjfVm5jc2t7J79b2Ns/ODwqHp80tUwUgwaTQqq2TzUIHkEDOQpoxwpo6Ato+aP7md96AqW5jOo4icEL6SDiAWcUjdTpIowxrfMQpr1iySk7c9jrxM1IiWSo9Yo/3b5kSQgRMkG17rhOjF5KFXImYFroJhpiykZ0AB1DIxqC9tJ55Kl9YZS+HUhlXoT2XP27kdJQ60nom8mQ4lCvejPxP6+TYHDrpTyKE4SILQ4FibBR2rP/232ugKGYGEKZ4iarzYZUUYampaUr40XUginGXa1hnTSvym6lXHm8LlXvsory5Iyck0vikhtSJQ+kRhqEEUleyCt5s56td+vD+lyM5qxs55Qswfr6BUY0miE=</latexit>

Time
<latexit sha1_base64="SK9/wkLG5N7piKuVAfFyucKeVnM=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRVqsuiG5cV7APaUCbTSTt0MgkzE7GELvwBt/oH7sStn+IP+B1Omixs64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nUcqFQvFg55G1A3wSDCfEaxTqWZf2INyxa7ac6BV4uSkAjmag/JPfxiSOKBCE46V6jl2pN0ES80Ip7NSP1Y0wmSCR7RnqMABVW4yzzpDZ0YZIj+U5gmN5urfjQQHSk0Dz0wGWI/VspeK/3m9WPvXbsJEFGsqSHbIjznSIUo/joZMUqL51BBMJDNZERljiYk29SxcecqilkwxznINq6Rdqzr1av3+stK4ySsqwgmcwjk4cAUNuIMmtIDAGF7gFd6sZ+vd+rA+s9GCle8cwwKsr1/6/JX4</latexit>

2030
<latexit sha1_base64="7vvmzNRpQ88ybAS5Rpsy0q1H8bw=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiSlVJdFNy4r2Ae0oUymk3boZBJmJmIJXfgDbvUP3IlbP8Uf8DucNFnY1gMDh3Pu5Z45XsSZ0rb9bRU2Nre2d4q7pb39g8Oj8vFJR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Db1u49UKhaKBz2LqBvgsWA+I1inUs2u28Nyxa7aC6B14uSkAjlaw/LPYBSSOKBCE46V6jt2pN0ES80Ip/PSIFY0wmSKx7RvqMABVW6yyDpHF0YZIT+U5gmNFurfjQQHSs0Cz0wGWE/UqpeK/3n9WPvXbsJEFGsqSHbIjznSIUo/jkZMUqL5zBBMJDNZEZlgiYk29SxdecqilkwxzmoN66RTqzqNauO+Xmne5BUV4QzO4RIcuIIm3EEL2kBgAi/wCm/Ws/VufVif2WjByndOYQnW1y/8lZX5</latexit>

2040

Future Circular Collider 
e+e-

<latexit sha1_base64="blXp8bIrXEMTWLEm6Fu9a5Kyx7g=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRFq8uiG5cV7APaUCbTSTt0MgkzE7GELvwBt/oH7sStn+IP+B1Omixs64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nUcqFQvFg55G1A3wSDCfEaxTqWZf2oNyxa7ac6BV4uSkAjmag/JPfxiSOKBCE46V6jl2pN0ES80Ip7NSP1Y0wmSCR7RnqMABVW4yzzpDZ0YZIj+U5gmN5urfjQQHSk0Dz0wGWI/VspeK/3m9WPvXbsJEFGsqSHbIjznSIUo/joZMUqL51BBMJDNZERljiYk29SxcecqilkwxznINq6Rdqzr1av3+otK4ySsqwgmcwjk4cAUNuIMmtIDAGF7gFd6sZ+vd+rA+s9GCle8cwwKsr1/+LpX6</latexit>

2050

100 TeV Future Circular Collider 
pp

High Luminosity-
LHC

International Linear Collider  
e+e-

3 & 10 TeV muon collider

The electron-ion collider 

<latexit sha1_base64="ZZGu+C5XME/22zc+ukZGBUIgYTI=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFcDTMi1WXRjcuK9gHtUDJppg1NMkOSEctQ8Afc6h+4E7f+ij/gd5i2s7CtBwKHc+7lnpww4Uwbz/t2VlbX1jc2C1vF7Z3dvf3SwWFDx6kitE5iHqtWiDXlTNK6YYbTVqIoFiGnzXB4M/Gbj1RpFssHM0poIHBfsogRbKx077put1T2XG8KtEz8nJQhR61b+un0YpIKKg3hWOu27yUmyLAyjHA6LnZSTRNMhrhP25ZKLKgOsmnUMTq1Sg9FsbJPGjRV/25kWGg9EqGdFNgM9KI3Ef/z2qmJroKMySQ1VJLZoSjlyMRo8m/UY4oSw0eWYKKYzYrIACtMjG1n7srTLGrRFuMv1rBMGueuX3Erdxfl6nVeUQGO4QTOwIdLqMIt1KAOBPrwAq/w5jw7786H8zkbXXHynSOYg/P1C3dZlbM=</latexit>...<latexit sha1_base64="SK9/wkLG5N7piKuVAfFyucKeVnM=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRVqsuiG5cV7APaUCbTSTt0MgkzE7GELvwBt/oH7sStn+IP+B1Omixs64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nUcqFQvFg55G1A3wSDCfEaxTqWZf2INyxa7ac6BV4uSkAjmag/JPfxiSOKBCE46V6jl2pN0ES80Ip7NSP1Y0wmSCR7RnqMABVW4yzzpDZ0YZIj+U5gmN5urfjQQHSk0Dz0wGWI/VspeK/3m9WPvXbsJEFGsqSHbIjznSIUo/joZMUqL51BBMJDNZERljiYk29SxcecqilkwxznINq6Rdqzr1av3+stK4ySsqwgmcwjk4cAUNuIMmtIDAGF7gFd6sZ+vd+rA+s9GCle8cwwKsr1/6/JX4</latexit>

2030
<latexit sha1_base64="7vvmzNRpQ88ybAS5Rpsy0q1H8bw=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiSlVJdFNy4r2Ae0oUymk3boZBJmJmIJXfgDbvUP3IlbP8Uf8DucNFnY1gMDh3Pu5Z45XsSZ0rb9bRU2Nre2d4q7pb39g8Oj8vFJR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Db1u49UKhaKBz2LqBvgsWA+I1inUs2u28Nyxa7aC6B14uSkAjlaw/LPYBSSOKBCE46V6jt2pN0ES80Ip/PSIFY0wmSKx7RvqMABVW6yyDpHF0YZIT+U5gmNFurfjQQHSs0Cz0wGWE/UqpeK/3n9WPvXbsJEFGsqSHbIjznSIUo/jkZMUqL5zBBMJDNZEZlgiYk29SxdecqilkwxzmoN66RTqzqNauO+Xmne5BUV4QzO4RIcuIIm3EEL2kBgAi/wCm/Ws/VufVif2WjByndOYQnW1y/8lZX5</latexit>

2040

Future Circular Collider 
e+e-

<latexit sha1_base64="blXp8bIrXEMTWLEm6Fu9a5Kyx7g=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRFq8uiG5cV7APaUCbTSTt0MgkzE7GELvwBt/oH7sStn+IP+B1Omixs64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nUcqFQvFg55G1A3wSDCfEaxTqWZf2oNyxa7ac6BV4uSkAjmag/JPfxiSOKBCE46V6jl2pN0ES80Ip7NSP1Y0wmSCR7RnqMABVW4yzzpDZ0YZIj+U5gmN5urfjQQHSk0Dz0wGWI/VspeK/3m9WPvXbsJEFGsqSHbIjznSIUo/joZMUqL51BBMJDNZERljiYk29SxcecqilkwxznINq6Rdqzr1av3+otK4ySsqwgmcwjk4cAUNuIMmtIDAGF7gFd6sZ+vd+rA+s9GCle8cwwKsr1/+LpX6</latexit>

2050

100 TeV Future Circular Collider 
pp

High Luminosity-
LHC

International Linear Collider  
e+e-

<latexit sha1_base64="ZZGu+C5XME/22zc+ukZGBUIgYTI=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFcDTMi1WXRjcuK9gHtUDJppg1NMkOSEctQ8Afc6h+4E7f+ij/gd5i2s7CtBwKHc+7lnpww4Uwbz/t2VlbX1jc2C1vF7Z3dvf3SwWFDx6kitE5iHqtWiDXlTNK6YYbTVqIoFiGnzXB4M/Gbj1RpFssHM0poIHBfsogRbKx077put1T2XG8KtEz8nJQhR61b+un0YpIKKg3hWOu27yUmyLAyjHA6LnZSTRNMhrhP25ZKLKgOsmnUMTq1Sg9FsbJPGjRV/25kWGg9EqGdFNgM9KI3Ef/z2qmJroKMySQ1VJLZoSjlyMRo8m/UY4oSw0eWYKKYzYrIACtMjG1n7srTLGrRFuMv1rBMGueuX3Erdxfl6nVeUQGO4QTOwIdLqMIt1KAOBPrwAq/w5jw7786H8zkbXXHynSOYg/P1C3dZlbM=</latexit>... <latexit sha1_base64="I0k2eC4LfoALppu97NxiS6955uY=">AAACBnicbVDLTsJAFJ3iC/GFunTTSExckdYYdEl04xITXgk0ZDrcwoRpp5m5NZCGvT/gVv/AnXHrb/gDfocDdCHgSSY5Oefe3DPHjwXX6DjfVm5jc2t7J79b2Ns/ODwqHp80tUwUgwaTQqq2TzUIHkEDOQpoxwpo6Ato+aP7md96AqW5jOo4icEL6SDiAWcUjdTpIowxrfMQpr1iySk7c9jrxM1IiWSo9Yo/3b5kSQgRMkG17rhOjF5KFXImYFroJhpiykZ0AB1DIxqC9tJ55Kl9YZS+HUhlXoT2XP27kdJQ60nom8mQ4lCvejPxP6+TYHDrpTyKE4SILQ4FibBR2rP/232ugKGYGEKZ4iarzYZUUYampaUr40XUginGXa1hnTSvym6lXHm8LlXvsory5Iyck0vikhtSJQ+kRhqEEUleyCt5s56td+vD+lyM5qxs55Qswfr6BUY0miE=</latexit>

Time

The electron-ion collider 

3 & 10 TeV muon collider
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The future colliders
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EIC Overview

The electron-ion collider, to be built over the coming years at the Brookhaven National 

Laboratory, aims to study QCD physics.
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EIC Overview

The electron-ion collider, to be built over the coming years at the Brookhaven National 

Laboratory, aims to study QCD physics.
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It has some nice features that can make it 

as a BSM machine as well 

•Electron energy 5 - 18 GeV 

•Proton energy 40-275 GeV; Ion energy ~100 

GeV/nucleon 

•Highly polarized (70% ~ 80%) e and p beams 

•Ion beam from D to U 

•High luminosity:                                                  

(100~1000 times HERA)
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SMEFT with top-quark

If                        ,  some of the operators can only contribute via loop effects
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s < 2mt

Top quark, being the heaviest particle in the SM, often acts as a window to 

new physics. 

•Two-fermion top-quark operators related to the vertices                              are 

highly constrained 

•Four-fermion top-quark operators             are highly constrained as well 

•We focus on four-fermion top-quark operators                      , which can be 

naturally probed at colliders involve leptons (lepton or lepton-hadron 

colliders)
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tt̄V, tb̄W, tt̄H
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Expansion on squared amplitude

Observables are directly related to the amplitude square
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Observables are directly related to the squared amplitude

  We also include NLO electroweak contributions 
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Observables are directly related to the amplitude square
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Observables are directly related to the squared amplitude

  We also include NLO electroweak contributions 
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SMEFT operators

<latexit sha1_base64="rJFTKF++Kioa+Re5kqyA/wad9yk=">AAACDnicbVBLTsMwFHTKr5RfCks2FhUSq5IgVFhWsGFZJPqR2ihyXKe1ajvBdoAqyh24AFu4ATvElitwAc6B22ZBW0Z60mjmPb3RBDGjSjvOt1VYWV1b3yhulra2d3b37PJ+S0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3x2w9EKhqJOz2OicfRQNCQYqSN5Ntl7qc9wlh22lP3Uqcq8+2KU3WmgMvEzUkF5Gj49k+vH+GEE6ExQ0p1XSfWXoqkppiRrNRLFIkRHqEB6RoqECfKS6fRM3hslD4MI2lGaDhV/16kiCs15oHZ5EgP1aI3Ef/zuokOL72UijjRRODZozBhUEdw0gPsU0mwZmNDEJbUZIV4iCTC2rQ19+VpFrVkinEXa1gmrbOqW6vWbs8r9au8oiI4BEfgBLjgAtTBDWiAJsDgEbyAV/BmPVvv1of1OVstWPnNAZiD9fULqeudAw==</latexit>

m`/
p
s

•  There are five chirality conserving two-lepton-two-top operators 

•The contributions from  chirality flipped ones are suppressed by  
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The observables
Z-pole observables

<latexit sha1_base64="spf55EMExKjkwQzWtjUBJyYt0D8=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiC4McyIRJdBNy4jmg8kY+jpvEma9Hzo7hHDEPACbvUG7sStV/ECnsNOMguTWNBQVL3Hqy4vFlxp2/62lpZXVtfWcxv5za3tnd3C3n5dRYlkWGORiGTTowoFD7GmuRbYjCXSwBPY8AbXY7/xiFLxKLzXwxjdgPZC7nNGtZHu8OG0UyjaJXsCskicjBQhQ7VT+Gl3I5YEGGomqFItx461m1KpORM4yrcThTFlA9rDlqEhDVC56STqiBwbpUv8SJoXajJR/26kNFBqGHhmMqC6r+a9sfif10q0f+mmPIwTjSGbHvITQXRExv8mXS6RaTE0hDLJTVbC+lRSpk07M1eeplHzphhnvoZFUj8rOeVS+fa8WLnKKsrBIRzBCThwARW4gSrUgEEPXuAV3qxn6936sD6no0tWtnMAM7C+fgEalpYZ</latexit>

e�

<latexit sha1_base64="zYydbtnp32QXOC3Hpp03Zm7WAdo=">AAAB/nicbVBLSgNBFHzjN8Zf1KWbxiAIQpgRiS6DblxGNB9IxtDTeZM06fnQ3SOGIeAF3OoN3Ilbr+IFPIedZBYmsaChqHqPV11eLLjStv1tLS2vrK6t5zbym1vbO7uFvf26ihLJsMYiEcmmRxUKHmJNcy2wGUukgSew4Q2ux37jEaXiUXivhzG6Ae2F3OeMaiPd4cNpp1C0S/YEZJE4GSlChmqn8NPuRiwJMNRMUKVajh1rN6VScyZwlG8nCmPKBrSHLUNDGqBy00nUETk2Spf4kTQv1GSi/t1IaaDUMPDMZEB1X817Y/E/r5Vo/9JNeRgnGkM2PeQnguiIjP9Nulwi02JoCGWSm6yE9amkTJt2Zq48TaPmTTHOfA2LpH5Wcsql8u15sXKVVZSDQziCE3DgAipwA1WoAYMevMArvFnP1rv1YX1OR5esbOcAZmB9/QIXZpYX</latexit>

e+
<latexit sha1_base64="iu6Q4ZTdJNTqDBvq/AKZsjXvm6o=">AAAB/HicbVBLTgJBFHyDP8Qf6tJNR2LiiswYgy6JblxCIp8IE9LTvIEOPZ909xjJBC/gVm/gzrj1Ll7Ac9jALASspJNK1Xt51eXFgitt299Wbm19Y3Mrv13Y2d3bPygeHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q79VuPKBWPwns9jtEN6CDkPmdUG6n+0CuW7LI9A1klTkZKkKHWK/50+xFLAgw1E1SpjmPH2k2p1JwJnBS6icKYshEdYMfQkAao3HQWdELOjNInfiTNCzWZqX83UhooNQ48MxlQPVTL3lT8z+sk2r92Ux7GicaQzQ/5iSA6ItNfkz6XyLQYG0KZ5CYrYUMqKdOmm4UrT/OoBVOMs1zDKmlelJ1KuVK/LFVvsorycAKncA4OXEEV7qAGDWCA8AKv8GY9W+/Wh/U5H81Z2c4xLMD6+gXgTpVv</latexit>

Z

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

<latexit sha1_base64="eZzYeeof3tK5LHM9HsY+szC8DAk=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMQZdENy4hETCBCemUCzR0OpO2YyQT/AG3+gfujFv/xR/wOywwCwFP0uTknHtzT08QC66N6347ubX1jc2t/HZhZ3dv/6B4eNTUUaIYNlgkIvUQUI2CS2wYbgQ+xAppGAhsBaPbqd96RKV5JO/NOEY/pAPJ+5xRY6U6doslt+zOQFaJl5ESZKh1iz+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2dBJ+TMKj3Sj5R90pCZ+ncjpaHW4zCwkyE1Q73sTcX/vHZi+td+ymWcGJRsfqifCGIiMv016XGFzIixJZQpbrMSNqSKMmO7WbjyNI9asMV4yzWskuZF2auUK/XLUvUmqygPJ3AK5+DBFVThDmrQAAYIL/AKb86z8+58OJ/z0ZyT7RzDApyvX/HWlXo=</latexit>e
<latexit sha1_base64="iu6Q4ZTdJNTqDBvq/AKZsjXvm6o=">AAAB/HicbVBLTgJBFHyDP8Qf6tJNR2LiiswYgy6JblxCIp8IE9LTvIEOPZ909xjJBC/gVm/gzrj1Ll7Ac9jALASspJNK1Xt51eXFgitt299Wbm19Y3Mrv13Y2d3bPygeHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q79VuPKBWPwns9jtEN6CDkPmdUG6n+0CuW7LI9A1klTkZKkKHWK/50+xFLAgw1E1SpjmPH2k2p1JwJnBS6icKYshEdYMfQkAao3HQWdELOjNInfiTNCzWZqX83UhooNQ48MxlQPVTL3lT8z+sk2r92Ux7GicaQzQ/5iSA6ItNfkz6XyLQYG0KZ5CYrYUMqKdOmm4UrT/OoBVOMs1zDKmlelJ1KuVK/LFVvsorycAKncA4OXEEV7qAGDWCA8AKv8GY9W+/Wh/U5H81Z2c4xLMD6+gXgTpVv</latexit>

Z

<latexit sha1_base64="eZzYeeof3tK5LHM9HsY+szC8DAk=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMQZdENy4hETCBCemUCzR0OpO2YyQT/AG3+gfujFv/xR/wOywwCwFP0uTknHtzT08QC66N6347ubX1jc2t/HZhZ3dv/6B4eNTUUaIYNlgkIvUQUI2CS2wYbgQ+xAppGAhsBaPbqd96RKV5JO/NOEY/pAPJ+5xRY6U6doslt+zOQFaJl5ESZKh1iz+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2dBJ+TMKj3Sj5R90pCZ+ncjpaHW4zCwkyE1Q73sTcX/vHZi+td+ymWcGJRsfqifCGIiMv016XGFzIixJZQpbrMSNqSKMmO7WbjyNI9asMV4yzWskuZF2auUK/XLUvUmqygPJ3AK5+DBFVThDmrQAAYIL/AKb86z8+58OJ/z0ZyT7RzDApyvX/HWlXo=</latexit>e

<latexit sha1_base64="Ciwb5yZYZ9V5G1lQuB8AeFzgdjQ=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMQZdENy4hETCBCemUCzR0OpO2YyQT/AG3+gfujFv/xR/wOywwCwFP0uTknHtzT08QC66N6347ubX1jc2t/HZhZ3dv/6B4eNTUUaIYNlgkIvUQUI2CS2wYbgQ+xAppGAhsBaPbqd96RKV5JO/NOEY/pAPJ+5xRY6V60C2W3LI7A1klXkZKkKHWLf50ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP50FnZAzq/RIP1L2SUNm6t+NlIZaj8PATobUDPWyNxX/89qJ6V/7KZdxYlCy+aF+IoiJyPTXpMcVMiPGllCmuM1K2JAqyoztZuHK0zxqwRbjLdewSpoXZa9SrtQvS9WbrKI8nMApnIMHV1CFO6hBAxggvMArvDnPzrvz4XzOR3NOtnMMC3C+fgHtDpV3</latexit>

b

<latexit sha1_base64="cAXCwibuaS3RAjZMZieAEuC3S80=">AAACAXicbVDLTgIxFL3jE/GFunTTSExckRlj0CXRjUtM5JHAhNwpHah0OpO2YySElT/gVv/AnXHrl/gDfocFZiHgSZqcnHNv7ukJEsG1cd1vZ2V1bX1jM7eV397Z3dsvHBzWdZwqymo0FrFqBqiZ4JLVDDeCNRPFMAoEawSDm4nfeGRK81jem2HC/Ah7koecorFSvR2gIkGnUHRL7hRkmXgZKUKGaqfw0+7GNI2YNFSg1i3PTYw/QmU4FWycb6eaJUgH2GMtSyVGTPujadoxObVKl4Sxsk8aMlX/boww0noYBXYyQtPXi95E/M9rpSa88kdcJqlhks4OhakgJiaTr5MuV4waMbQEqeI2K6F9VEiNLWjuytMsat4W4y3WsEzq5yWvXCrfXRQr11lFOTiGEzgDDy6hArdQhRpQeIAXeIU359l5dz6cz9noipPtHMEcnK9fXcmXWg==</latexit>

b̄

FCC-ee
e→

e+

h

Z

Z↑
µ

t

t

e→

e+

t, b

t̄, b̄

LHC

<latexit sha1_base64="/Zn7JXPfx9QLR/mR6vUf4ryNJ7g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGedmrlCt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6qyNkw==</latexit>

e�

<latexit sha1_base64="37IrB7Gp1ZV6Nc/lKF++tA1A6GM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A56SNkQ==</latexit>

e+

q

q̄

e→

e+

Z↑
µ/ω

↑
µ

t

t

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

EIC
e e

q q

Z→
µ/ω

→
µ

tt
<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b
<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b



8

Z-pole observables

The asymmetries:

<latexit sha1_base64="vu7DPoSehlNy8gGCfR8+28Iu9TY="></latexit>

Af,FB ⌘ �f,F � �f,B

�f,F + �f,B

<latexit sha1_base64="N5+xWaEXWOpZnCzRzMz7+voWBt8="></latexit>

Af ⌘ �f,L � �f,R

�f,L + �f,R

The R ratios:
<latexit sha1_base64="1900ojyowxechfKzfp4qPYcRTco="></latexit>

R` ⌘
�(Z ! hadrons)

�(Z ! `¯̀)

<latexit sha1_base64="irvNsyb3VXdZLLKBjTBdLm+oOrI="></latexit>

Rq ⌘ �(Z ! qq̄)

�(Z ! hadrons)

Hadronic cross sections:
<latexit sha1_base64="4/E+aOL7n/mP8q6R/18z3XSjM3Q="></latexit>

�h ⌘ �(e+e� ! Z ! hadrons)

Total decay width: 
<latexit sha1_base64="/49bE3K7AvpOa+e5hj22CYiAVaA=">AAACFHicbVDLTgIxFO3gC/GFunDhppGYuDBkxhh0SXShS0zkEWEyuVMKNLSdse0YCeE3/AG3+gfujFv3/oDfYYFZCHqSJueec2/u7QljzrRx3S8ns7C4tLySXc2trW9sbuW3d2o6ShShVRLxSDVC0JQzSauGGU4bsaIgQk7rYf9y7NcfqNIskrdmEFNfQFeyDiNgrBTk91pXIAQEd8et+wTaOC3rQb7gFt0J8F/ipaSAUlSC/HerHZFEUGkIB62bnhsbfwjKMMLpKNdKNI2B9KFLm5ZKEFT7w8kHRvjQKm3ciZR90uCJ+ntiCELrgQhtpwDT0/PeWPzPayamc+4PmYwTQyWZLuokHJsIj9PAbaYoMXxgCRDF7K2Y9EABMTazmS2P01NzNhhvPoa/pHZS9ErF0s1poXyRRpRF++gAHSEPnaEyukYVVEUEjdAzekGvzpPz5rw7H9PWjJPO7KIZOJ8/fK+eYg==</latexit>

�Z , �W

QED coupling: 
<latexit sha1_base64="oVhZxm5Dyqb/K6hxOTohR0yi+ZU=">AAACD3icbVDLSgMxFM3UV62vsS7dBIvgqs6IVJfFB7hswT6gMwyZNG1Dk8yQZKRl6Ef4A271D9yJWz/BH/A7TNtZ2NYDFw7n3Ms9nDBmVGnH+bZya+sbm1v57cLO7t7+gX1YbKookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDm+nfuuJSEUj8ajHMfE56gvaoxhpIwV20T33EIsHKEg9yWH9/m4S2CWn7MwAV4mbkRLIUAvsH68b4YQToTFDSnVcJ9Z+iqSmmJFJwUsUiREeoj7pGCoQJ8pPZ9kn8NQoXdiLpBmh4Uz9e5EirtSYh2aTIz1Qy95U/M/rJLp37adUxIkmAs8f9RIGdQSnRcAulQRrNjYEYUlNVogHSCKsTV0LX0bzqAVTjLtcwyppXpTdSrlSvyxVb7KK8uAYnIAz4IIrUAUPoAYaAIMReAGv4M16tt6tD+tzvpqzspsjsADr6xeCmZw+</latexit>

1/↵QED
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Bounds from current Z-pole observables

No meaningful 
marginalized bounds 
due to the degeneracy

Z-pole at NLO in SMEFT:  
Dawson, Giardino, 1909.02000 
Bellafronte, Dawson, Giardino, 2304.00029 
Biekotter, Pecjak, 2503.07724 
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q

q̄

e→

e+

Z↑
µ/ω

↑
µ

t

t

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

We only use bins with
<latexit sha1_base64="rjT+ioDTROUBhUfNBII2FeaPQ2I=">AAACEnicbVBLSgNBFOyJvxh/o+LKzWAQXIUZkZiFi6ALXUYwH0iG0NN5SZr0fOh+IwlDPIUXcKs3cCduvYAX8Bx2klmYxIIHRdV7vKK8SHCFtv1tZFZW19Y3spu5re2d3T1z/6CmwlgyqLJQhLLhUQWCB1BFjgIakQTqewLq3uBm4tcfQSoeBg84isD1aS/gXc4oaqltHvntBGB8VbLtpxbCEJNbqI3bZt4u2FNYy8RJSZ6kqLTNn1YnZLEPATJBlWo6doRuQiVyJmCca8UKIsoGtAdNTQPqg3KTafyxdaqVjtUNpZ4Aran69yKhvlIj39ObPsW+WvQm4n9eM8ZuyU14EMUIAZs96sbCwtCadGF1uASGYqQJZZLrrBbrU0kZ6sbmvgxnUXO6GGexhmVSOy84xULx/iJfvk4rypJjckLOiEMuSZnckQqpEkYS8kJeyZvxbLwbH8bnbDVjpDeHZA7G1y+4DJ4J</latexit>

mee < 800 GeV

Observables at the LHC/HL-LHC

[Greljo, etc., 2104.02723]

[Camacho, Master’s thesis, U. Valencia]

Phase space suppression ~ Loop suppression 
<latexit sha1_base64="imAFi/PMwg4X1SXHcL0E6yl6UmM=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARXJWkSHVZdOOygn1AE8tkOmmHzkzCzEQsMZ/hD7jVP3Anbv0Af8DvcNpmYVsPXDiccy/3cIKYUaUd59sqrKyurW8UN0tb2zu7e/b+QUtFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHQ98dsPRCoaiTs9jonP0UDQkGKkjdSzjzxFOfRCiXDqZqlb82J6X816dtmpOFPAZeLmpAxyNHr2j9ePcMKJ0JghpbquE2s/RVJTzEhW8hJFYoRHaEC6hgrEifLTaf4MnhqlD8NImhEaTtW/FyniSo15YDY50kO16E3E/7xuosNLP6UiTjQRePYoTBjUEZyUAftUEqzZ2BCEJTVZIR4i04U2lc19eZxFLZli3MUalkmrWnFrldrtebl+lVdUBMfgBJwBF1yAOrgBDdAEGDyBF/AK3qxn6936sD5nqwUrvzkEc7C+fgH8GJ4i</latexit>

⇠ 1

16⇡2
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q

q̄

e→

e+

Z↑
µ/ω

↑
µ

t

t

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b
leading log

finite

100 200 300 400 500 600 700 800
1.× 10-4

5.× 10-4

0.001

0.005

0.010

0.050

0.100

<latexit sha1_base64="QDOVNGVyBnAEtaPFAXZ41RjyjcU="></latexit>

�̂EFT
DY

�̂SM
DY

= 1 +
X

i

Ci(µ){�i + �̄ilog
µ2

s
}

Drell-Yan at NLO

<latexit sha1_base64="GQE1vuAm+Yueip/eef33uQcd5YY="></latexit>

µ = ⇤ = 1 TeV,
p
ŝ = 600 GeV



Bounds from current + HL-LHC

<latexit sha1_base64="w8GO8U9o4Z0RKwoQVXhOdTRVIcU=">AAACCXicbVBLSgNBFOyJvxh/UZduGoMgiGFGJLoMunEZwXwgmYSezpukSc+H7jdiCDmBF3CrN3Anbj2FF/AcdpJZmMSCB0XVe7yivFgKjbb9bWVWVtfWN7Kbua3tnd29/P5BTUeJ4lDlkYxUw2MapAihigIlNGIFLPAk1L3B7cSvP4LSIgofcBiDG7BeKHzBGRqp3fKYokgR2mfQPu/kC3bRnoIuEyclBZKi0sn/tLoRTwIIkUumddOxY3RHTKHgEsa5VqIhZnzAetA0NGQBaHc0TT2mJ0bpUj9SZkKkU/XvxYgFWg8Dz2wGDPt60ZuI/3nNBP1rdyTCOEEI+eyRn0iKEZ1UQLtCAUc5NIRxJUxWyvtMMY6mqLkvT7OoOVOMs1jDMqldFJ1SsXR/WSjfpBVlyRE5JqfEIVekTO5IhVQJJ4q8kFfyZj1b79aH9TlbzVjpzSGZg/X1C6KWmi4=</latexit>

t̄te+e�

<latexit sha1_base64="8yZHk+hsvCHUinS7OIkeS+RILJk=">AAACDnicbVBLSgNBFOzxG+Nvoks3jUEQhDAjEl0GdeFCNIL5SDKEnk5P0qTnQ/cbTRhyBy/gVm/gTtx6BS/gOewkszCJBQ+Kqvd4RbmR4Aos69tYWFxaXlnNrGXXNza3ts3cTlWFsaSsQkMRyrpLFBM8YBXgIFg9koz4rmA1t3cx8muPTCoeBvcwiJjjk07APU4JaKll5o6awPqQXD5gAvjm+nbYMvNWwRoDzxM7JXmUotwyf5rtkMY+C4AKolTDtiJwEiKBU8GG2WasWERoj3RYQ9OA+Ew5yTj6EB9opY29UOoJAI/VvxcJ8ZUa+K7e9Al01aw3Ev/zGjF4Z07CgygGFtDJIy8WGEI86gG3uWQUxEATQiXXWTHtEkko6LamvvQnUbO6GHu2hnlSPS7YxULx7iRfOk8ryqA9tI8OkY1OUQldoTKqIIqe0At6RW/Gs/FufBifk9UFI73ZRVMwvn4Bp6ebxQ==</latexit>

+DY at NLO

12
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DIS at the EIC

e e

q q

ω→
µ/Z

→
µ

<latexit sha1_base64="pDJpsph6jGjJukzbqHhlbGrnAoI=">AAAB/3icbVDLTsJAFL3FF+ILdemmkZjghrTGoEuiG5eYyCOBhkyHC0yYTpuZqZE0LPwBt/oH7oxbP8Uf8DucQhcCnmSSk3PuzT1z/IgzpR3n28qtrW9sbuW3Czu7e/sHxcOjpgpjSbFBQx7Ktk8UciawoZnm2I4kksDn2PLHt6nfekSpWCge9CRCLyBDwQaMEp1KWB6f94olp+LMYK8SNyMlyFDvFX+6/ZDGAQpNOVGq4zqR9hIiNaMcp4VurDAidEyG2DFUkACVl8yyTu0zo/TtQSjNE9qeqX83EhIoNQl8MxkQPVLLXir+53ViPbj2EiaiWKOg80ODmNs6tNOP230mkWo+MYRQyUxWm46IJFSbehauPM2jFkwx7nINq6R5UXGrler9Zal2k1WUhxM4hTK4cAU1uIM6NIDCCF7gFd6sZ+vd+rA+56M5K9s5hgVYX7+ObJZU</latexit>

e(k)
<latexit sha1_base64="O6emszwupG6rRGIAybNGgV3yyQk=">AAACBnicbVDLTgIxFO34RHyhLt00EhPckBlj0CXRjUtM5JHASDrlDjR02knbMZIJe3/Arf6BO+PW3/AH/A4LzELAkzQ5Oefe3NMTxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoCnUquVStgGjgTEDdMMOhFSsgUcChGQxvJn7zEZRmUtybUQx+RPqChYwSY6U2lIYPnVixCM66haJbdqfAy8TLSBFlqHULP52epEkEwlBOtG57bmz8lCjDKIdxvpNoiAkdkj60LRUkAu2n08hjfGqVHg6lsk8YPFX/bqQk0noUBXYyImagF72J+J/XTkx45adMxIkBQWeHwoRjI/Hk/7jHFFDDR5YQqpjNiumAKEKNbWnuytMsat4W4y3WsEwa52WvUq7cXRSr11lFOXSMTlAJeegSVdEtqqE6okiiF/SK3pxn5935cD5noytOtnOE5uB8/QIqfplx</latexit>

e(k0)

<latexit sha1_base64="xzr+znKXX7fiEg/0ht0u+dut54w=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzHBDZkxBl0S3bjERB4JTEindKCh0xnbjoFM2PkDbvUP3Bm3/og/4HfYgVkIeJImJ+fcm3t6vIgzpW3728qtrW9sbuW3Czu7e/sHxcOjpgpjSWiDhDyUbQ8rypmgDc00p+1IUhx4nLa80W3qt56oVCwUD3oSUTfAA8F8RrA2UusRlccoOu8VS3bFngGtEicjJchQ7xV/uv2QxAEVmnCsVMexI+0mWGpGOJ0WurGiESYjPKAdQwUOqHKTWdwpOjNKH/mhNE9oNFP/biQ4UGoSeGYywHqolr1U/M/rxNq/dhMmolhTQeaH/JgjHaL076jPJCWaTwzBRDKTFZEhlpho09DClfE8asEU4yzXsEqaFxWnWqneX5ZqN1lFeTiBUyiDA1dQgzuoQwMIjOAFXuHNerberQ/rcz6as7KdY1iA9fULQfaXOw==</latexit>

q(xp)

e e

q q

Z→
µ/ω

→
µ

tt
<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b
<latexit sha1_base64="paviaPt9MCPyInxWJblebKDuQtU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwISURqS6LblxWtA9oQ5lMJ+3QySTM3IglFPwBt/oH7sStv+IP+B1O2yxs64GBwzn3cs8cPxZco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPbyZ+85EpzSP5gKOYeSHpSx5wStBI93jmd4slp+xMYS8TNyMlyFDrFn86vYgmIZNIBdG67ToxeilRyKlg40In0SwmdEj6rG2oJCHTXjqNOrZPjNKzg0iZJ9Geqn83UhJqPQp9MxkSHOhFbyL+57UTDK68lMs4QSbp7FCQCBsje/Jvu8cVoyhGhhCquMlq0wFRhKJpZ+7K0yxqwRTjLtawTBrnZbdSrtxdlKrXWUV5OIJjOAUXLqEKt1CDOlDowwu8wpv1bL1bH9bnbDRnZTuHMAfr6xc3MpYr</latexit>

t, b

<latexit sha1_base64="z7870hlkZFjmsFN0O0ccN2sgXnU="></latexit>

�SMEFT(ep ! ej)

�SM(ep ! ej)
⇠ Q2

⇤2
Log

✓
m2

t

Q2

◆

<latexit sha1_base64="Mrm7+IaDoLmHDrGxUBT3iXxdd70="></latexit>

|MSM|2 ⇠ C��
ŝ2

Q4
+ C�Z

ŝ2

Q2M2
W

<latexit sha1_base64="NSTaP/KZUe659GDN3JJP1/V/7Do="></latexit>

2Re[MSMM⇤
SMEFT] ⇠ CEFT

ŝ2

Q2⇤2
Log

✓
m2

t

Q2

◆

SMEFT/SM cross  ratio increases with 
<latexit sha1_base64="HilwplwR3OifilqojPoW/o66A3Y=">AAAB/nicbVDLTgIxFL2DL8QX6tJNIzFxRWaIQZdENy4hyiOBkXRKBxo6nUnbMZIJiT/gVv/AnXHrr/gDfodlmIWAJ2lycs69uafHizhT2ra/rdza+sbmVn67sLO7t39QPDxqqTCWhDZJyEPZ8bCinAna1Exz2okkxYHHadsb38z89iOVioXiXk8i6gZ4KJjPCNZGums8VPrFkl22U6BV4mSkBBnq/eJPbxCSOKBCE46V6jp2pN0ES80Ip9NCL1Y0wmSMh7RrqMABVW6SRp2iM6MMkB9K84RGqfp3I8GBUpPAM5MB1iO17M3E/7xurP0rN2EiijUVZH7IjznSIZr9Gw2YpETziSGYSGayIjLCEhNt2lm48jSPWjDFOMs1rJJWpexUy9XGRal2nVWUhxM4hXNw4BJqcAt1aAKBIbzAK7xZz9a79WF9zkdzVrZzDAuwvn4BAoaWCg==</latexit>

Q2
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The EIC with polarized electron beam

•The EIC will be able to deliver 70% polarized electron beam with 1% uncertainties 

•To cancel the large SM photon contributions, we compute the left-right asymmetry

<latexit sha1_base64="HjfTBG+kp4GX64HpaAHhLwDBwNw=">AAACE3icbZC7TsMwFIadcivlVmBksaiQEEOVVKgwFlhYKrWCXqQmjRzXaa3aSWQ7SFWUd2DhVVgYQIiVhY23wU07QMuRLH/6/3Nkn9+LGJXKNL+N3Mrq2vpGfrOwtb2zu1fcP2jLMBaYtHDIQtH1kCSMBqSlqGKkGwmCuMdIxxvfTP3OAxGShsG9mkTE4WgYUJ9ipLTkFs+u+oktOLyrp24GjXYKbUk5tH2BcNLsV9Kk7nb05RZLZtnMCi6DNYcSmFfDLX7ZgxDHnAQKMyRlzzIj5SRIKIoZSQt2LEmE8BgNSU9jgDiRTpLtlMITrQygHwp9AgUz9fdEgriUE+7pTo7USC56U/E/rxcr/9JJaBDFigR49pAfM6hCOA0IDqggWLGJBoQF1X+FeIR0FkrHWNAhWIsrL0O7Uraq5WrzvFS7nseRB0fgGJwCC1yAGrgFDdACGDyCZ/AK3own48V4Nz5mrTljPnMI/pTx+QPSmZ2F</latexit>

ASM
PV ⇠ Q2

M2
W

<latexit sha1_base64="Mrm7+IaDoLmHDrGxUBT3iXxdd70="></latexit>

|MSM|2 ⇠ C��
ŝ2

Q4
+ C�Z

ŝ2

Q2M2
W

<latexit sha1_base64="NSTaP/KZUe659GDN3JJP1/V/7Do="></latexit>

2Re[MSMM⇤
SMEFT] ⇠ CEFT

ŝ2

Q2⇤2
Log

✓
m2

t

Q2

◆

<latexit sha1_base64="ZF5Ewla6gFtzyApkWPAESrfV4Yg="></latexit>

AEFT
PV ⇠ Q2

⇤2
Log

✓
m2

t

Q2

◆

<latexit sha1_base64="7seNVThdM/ThRl6izdhWVhNsZ9k="></latexit>

AEFT
PV

ASM
PV

⇠ M2
W

⇤2
Log

✓
m2

t

Q2

◆

<latexit sha1_base64="6kTR1iwSJWTXFtirJ+PKjFK8WSU=">AAACKHicbZDLSsNAFIYnXmu9RV26GSyCIJZERN1ZdePCRRVbhaaEyfSkDp1J4sxEKCGP48ZXcSOiSLc+idM2iLcfBn6+cw5nzh8knCntOANrYnJqema2NFeeX1hcWrZXVpsqTiWFBo15LG8CooCzCBqaaQ43iQQiAg7XQe90WL++B6lYHF3pfgJtQboRCxkl2iDfPjr2M08KXG/mHtyl7B4nPnihJDTzFOsK4l/uFOY8/0LbX8i3K07VGQn/NW5hKqhQ3bdfvE5MUwGRppwo1XKdRLczIjWjHPKylypICO2RLrSMjYgA1c5Gh+Z405AODmNpXqTxiH6fyIhQqi8C0ymIvlW/a0P4X62V6vCwnbEoSTVEdLwoTDnWMR6mhjtMAtW8bwyhkpm/YnpLTEraZFs2Ibi/T/5rmrtVd7+6f7FXqZ0UcZTQOtpAW8hFB6iGzlAdNRBFD+gJvaI369F6tt6twbh1wipm1tAPWR+fJ9unSw==</latexit>

APV ⌘ pe
�R � �L

�R + �L
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<latexit sha1_base64="gWtn+qA66LTRcFiZezE913SWCjM=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARuqqJSHVZFcWNULE3aGOYTCft0MmFmYlYQl7B1/AF3OobuBPBlTufw2mahW39YeDjP+dwzvxOyKiQhvGl5RYWl5ZX8quFtfWNzS19e6cpgohj0sABC3jbQYIw6pOGpJKRdsgJ8hxGWs7wYlxvPRAuaODX5Sgklof6PnUpRlJZtl46s+Mu92CtmdyncHlVTw5nzbubxNaLRtlIBefBzKAIMtVs/afbC3DkEV9ihoTomEYorRhxSTEjSaEbCRIiPER90lHoI48IK05/lMAD5fSgG3D1fAlT9+9EjDwhRp6jOj0kB2K2Njb/q3Ui6Z5aMfXDSBIfTxa5EYMygON4YI9ygiUbKUCYU3UrxAPEEZYqxKktj5NTCyoYczaGeWgelc1KuXJ7XKyeZxHlwR7YByVgghNQBdegBhoAgyfwAl7Bm/asvWsf2uekNadlM7tgStr3L0YGpQ4=</latexit>

AEFT
PV /ASM

PV

DIS at the EIC

<latexit sha1_base64="QBwOrEEIwekGpjaeCRga8jAIe6k=">AAACKnicbVDLSgMxFM3UV62vUZdugkWomzIjUl1W3bgRKtoHdErJpHfa2GRmSDJCGfo9bvwVN10oxa0fYvoAtfVA4HDOvdyc48ecKe04Yyuzsrq2vpHdzG1t7+zu2fsHNRUlkkKVRjySDZ8o4CyEqmaaQyOWQITPoe73byZ+/RmkYlH4qAcxtATphixglGgjte0rL5CEpp5iXUHaqQec42RYABxjT0cY8NPp8MeVAj/cLbhtO+8UnSnwMnHnJI/mqLTtkdeJaCIg1JQTpZquE+tWSqRmlMMw5yUKYkL7pAtNQ0MiQLXSadQhPjFKBweRNC/UeKr+3kiJUGogfDMpiO6pRW8i/uc1Ex1ctlIWxomGkM4OBQnHJuakN9xhEqjmA0MIlcz8FdMeMd1p027OlOAuRl4mtbOiWyqW7s/z5et5HVl0hI5RAbnoApXRLaqgKqLoBb2hd/RhvVoja2x9zkYz1nznEP2B9fUN2iOmQQ==</latexit>

�`u(ep ! ej)

�SM(ep ! ej)

Without polarization With polarization
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Current Z-pole HL-LHC EIC

FCC-ee(Z-pole) FCC-ee(240 GeV) FCC-ee(365 GeV)
<latexit sha1_base64="m00odkAIATzXwbLWVn9vFHcdeSY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpKIVpdFNy4r2Ae0sUymk3boZBJmbqQlxE9x40IRt/6IO//G6WOhrQcuHM65l3vv8WPBNTjOt5VbWV1b38hvFra2d3b37P1iQ0eJoqxOIxGplk80E1yyOnAQrBUrRkJfsKY/vJn4zUemNI/kPYxj5oWkL3nAKQEjde3iheM8dYCNIA387CE9dbOuXXLKzhR4mbhzUkJz1Lr2V6cX0SRkEqggWrddJwYvJQo4FSwrdBLNYkKHpM/ahkoSMu2l09szfGyUHg4iZUoCnqq/J1ISaj0OfdMZEhjoRW8i/ue1EwiuvJTLOAEm6WxRkAgMEZ4EgXtcMQpibAihiptbMR0QRSiYuAomBHfx5WXSOCu7lXLl7rxUvZ7HkUeH6AidIBddoiq6RTVURxSN0DN6RW9WZr1Y79bHrDVnzWcO0B9Ynz9t15QS</latexit>

500 fb�1
<latexit sha1_base64="zTKK4d2lHKMb29xRVXSW4dhSPik=">AAAB/HicbVDJSgNBEO1xjXEbzdFLYxC8GHpEosegF48RzALJGHo6PUmTnoXuGnEYJr/ixYMiXv0Qb/6NneWgiQ8KHu9VUVXPi6XQQMi3tbK6tr6xWdgqbu/s7u3bB4dNHSWK8QaLZKTaHtVcipA3QIDk7VhxGniSt7zRzcRvPXKlRRTeQxpzN6CDUPiCUTBSzy5VCSHjLvAnyHwvf8jOnLxnl0mFTIGXiTMnZTRHvWd/dfsRSwIeApNU645DYnAzqkAwyfNiN9E8pmxEB7xjaEgDrt1senyOT4zSx36kTIWAp+rviYwGWqeBZzoDCkO96E3E/7xOAv6Vm4kwToCHbLbITySGCE+SwH2hOAOZGkKZEuZWzIZUUQYmr6IJwVl8eZk0zytOtVK9uyjXrudxFNAROkanyEGXqIZuUR01EEMpekav6M0aWy/Wu/Uxa12x5jMl9AfW5w/gt5RN</latexit>

6000 fb�1

Correlations
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FCC-ee runs

Tera Z produced at Z-pole can produce high accuracy

Above Z-pole, there are three collider energies. Energy enhanced effects are important.

<latexit sha1_base64="ylxPyOW3YdFTvZg63m2oj/Jg7HE=">AAACDHicbVDLSsNAFL3xWeujUZduBovgqiRFqsuiG1dSwT6wjWEynbZDZ5IwMxFL6C/4A271D9yJW//BH/A7nLZZ2NYDFw7n3Ms9nCDmTGnH+bZWVtfWNzZzW/ntnd29gr1/0FBRIgmtk4hHshVgRTkLaV0zzWkrlhSLgNNmMLya+M1HKhWLwjs9iqkncD9kPUawNpJvF278+45iArnOQ+qWx75ddErOFGiZuBkpQoaab/90uhFJBA014ViptuvE2kux1IxwOs53EkVjTIa4T9uGhlhQ5aXT4GN0YpQu6kXSTKjRVP17kWKh1EgEZlNgPVCL3kT8z2snunfhpSyME01DMnvUSzjSEZq0gLpMUqL5yBBMJDNZERlgiYk2Xc19eZpFzZti3MUalkmjXHIrpcrtWbF6mVWUgyM4hlNw4RyqcA01qAOBBF7gFd6sZ+vd+rA+Z6srVnZzCHOwvn4Bw7iauA==</latexit>

NZ ⇠ 1012
<latexit sha1_base64="sGDTsTSEnRkqiCXtuT3VzZOKn+g=">AAACDnicbVDLSsNAFJ34rPWV6tLNYBFclUSkdll040oq2KbQxjCZTtqhM5MwM1FLyD/4A271D9yJW3/BH/A7nD4WtvXAhcM593IPJ0wYVdpxvq2V1bX1jc3CVnF7Z3dv3y4dtFScSkyaOGaxbIdIEUYFaWqqGWknkiAeMuKFw6ux7z0QqWgs7vQoIT5HfUEjipE2UmCXboLM8/Kuohy6zn1WywO77FScCeAycWekDGZoBPZPtxfjlBOhMUNKdVwn0X6GpKaYkbzYTRVJEB6iPukYKhAnys8m0XN4YpQejGJpRmg4Uf9eZIgrNeKh2eRID9SiNxb/8zqpjmp+RkWSaiLw9FGUMqhjOO4B9qgkWLORIQhLarJCPEASYW3amvvyNI1aNMW4izUsk9ZZxa1Wqrfn5frlrKICOALH4BS44ALUwTVogCbA4BG8gFfwZj1b79aH9TldXbFmN4dgDtbXL+k1m+0=</latexit>

NWW ⇠ 108
<latexit sha1_base64="BXfe+K0imzEblfgqfa6k5m4pM5I=">AAACDnicbVBLTsMwFHT4lvJLYcnGokJiVSUIFZYVbFihItGPaEPkuE5r1XYi2wGqKHfgAmzhBuwQW67ABTgHbpsFbRnpSaOZ9/RGE8SMKu0439bS8srq2npho7i5tb2za5f2mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw8ux33ogUtFI3OpRTDyO+oKGFCNtJN8uXfvp3SDrKsqh69yn1cy3y07FmQAuEjcnZZCj7ts/3V6EE06Exgwp1XGdWHspkppiRrJiN1EkRniI+qRjqECcKC+dRM/gkVF6MIykGaHhRP17kSKu1IgHZpMjPVDz3lj8z+skOjz3UiriRBOBp4/ChEEdwXEPsEclwZqNDEFYUpMV4gGSCGvT1syXp2nUoinGna9hkTRPKm61Ur05Ldcu8ooK4AAcgmPggjNQA1egDhoAg0fwAl7Bm/VsvVsf1ud0dcnKb/bBDKyvXwblm/8=</latexit>

NZh ⇠ 106
<latexit sha1_base64="bmsPVDg7PrZQAi6W2RE6lmeXc9c=">AAACE3icbVDLSsNAFJ3UV62vqODGzWARXJVEpLosunElFewDmhgm00k7dPJg5kYsMZ/hD7jVP3Anbv0Af8DvcPpY2NYDFw7n3Ms9HD8RXIFlfRuFpeWV1bXiemljc2t7x9zda6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlD65GfuuBScXj6A6GCXND0ot4wCkBLXnmwY2XgeMTiSF3FA+xbd1n1dwzy1bFGgMvEntKymiKumf+ON2YpiGLgAqiVMe2EnAzIoFTwfKSkyqWEDogPdbRNCIhU242zp/jY610cRBLPRHgsfr3IiOhUsPQ15shgb6a90bif14nheDCzXiUpMAiOnkUpAJDjEdl4C6XjIIYakKo5Dorpn0iCQVd2cyXx0nUki7Gnq9hkTRPK3a1Ur09K9cupxUV0SE6QifIRueohq5RHTUQRU/oBb2iN+PZeDc+jM/JasGY3uyjGRhfv9OWngg=</latexit>

Ntt̄ ⇠ 106

[Prospects in Electroweak, Higgs and Top physics at FCC]

<latexit sha1_base64="gfmi2+BWFwYqcDrWQA3jyweEpyc="></latexit>

�NLO/LO =
1

16⇡2

M2

Z

M2

t̄t

s
NZ

Nt̄t
' 0.3
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FCC-ee: above the Z-pole

[Greljo, Tiblom, Valenti, 2411.02485; Li, etc., 2512.21290]

Rel. error
(          ) 163 GeV 240 GeV 365 GeV

0.17 0.36 0.96

- 3.1 5.2

- - 1.2

- - 8.9

<latexit sha1_base64="5ZAq6Zm18BCNAT05E3hS4jYyJW8=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy7row9oh5JJM21oJhmSjFiGgj/gVv/Anbj1V/wBv8O0nYVtPRA4nHMv9+QEMWfauO63k1tZXVvfyG8WtrZ3dveK+wcNLRNFaJ1ILlUrwJpyJmjdMMNpK1YURwGnzWB4PfGbj1RpJsWDGcXUj3BfsJARbKx0f9cNusWSW3anQMvEy0gJMtS6xZ9OT5IkosIQjrVue25s/BQrwwin40In0TTGZIj7tG2pwBHVfjqNOkYnVumhUCr7hEFT9e9GiiOtR1FgJyNsBnrRm4j/ee3EhJd+ykScGCrI7FCYcGQkmvwb9ZiixPCRJZgoZrMiMsAKE2PbmbvyNItasMV4izUsk8ZZ2auUK7fnpepVVlEejuAYTsGDC6jCDdSgDgT68AKv8OY8O+/Oh/M5G8052c4hzMH5+gVSOZY8</latexit>

Rb

<latexit sha1_base64="lo9mS3kCfFUHoDub+9S+j/Zzv8o=">AAACBnicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8DpUDJppg1NJkOSEcvQvT/gVv/Anbj1N/wBv8O0nYVtPRA4nHMv9+SECWfauO63s7K6tr6xWdgqbu/s7u2XDg6bWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK3HqnSTMb3ZpTQQOB+zCJGsLGS39GsL3A3exiMu6WyW3GnQMvEy0kZctS7pZ9OT5JU0NgQjrX2PTcxQYaVYYTTcbGTappgMsR96lsaY0F1kE0jj9GpVXooksq+2KCp+ncjw0LrkQjtpMBmoBe9ifif56cmugoyFiepoTGZHYpSjoxEk/+jHlOUGD6yBBPFbFZEBlhhYmxLc1eeZlGLthhvsYZl0jyveNVK9e6iXLvOKyrAMZzAGXhwCTW4hTo0gICEF3iFN+fZeXc+nM/Z6IqT7xzBHJyvXw83mf8=</latexit>�Zh

<latexit sha1_base64="q3qAqWDOG9LcCKK7I6OC9WPAhMs=">AAAB/nicbVDJSgNBFHwTtxi3qEcvjUHwFGZEosegF49xyQLJEHo6PUmTnoXuN2IYAv6AV/0Db+LVX/EH/A47yRxMYkFDUfUer7q8WAqNtv1t5VZW19Y38puFre2d3b3i/kFDR4livM4iGamWRzWXIuR1FCh5K1acBp7kTW94PfGbj1xpEYUPOIq5G9B+KHzBKBrp/q6L3WLJLttTkGXiZKQEGWrd4k+nF7Ek4CEySbVuO3aMbkoVCib5uNBJNI8pG9I+bxsa0oBrN51GHZMTo/SIHynzQiRT9e9GSgOtR4FnJgOKA73oTcT/vHaC/qWbijBOkIdsdshPJMGITP5NekJxhnJkCGVKmKyEDaiiDE07c1eeZlELphhnsYZl0jgrO5Vy5fa8VL3KKsrDERzDKThwAVW4gRrUgUEfXuAV3qxn6936sD5nozkr2zmEOVhfv27plk4=</latexit>

Rt

<latexit sha1_base64="yMJ6YY4P8Hky9SY2YffoVqGEcJA=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURqS5rBXFZwT6gCWUynbRDJ5MwcyOW0A/wB9zqH7gTt36GP+B3OG2zsK0HLhzOuZd7OH4suAbb/rZyK6tr6xv5zcLW9s7uXnH/oKmjRFHWoJGIVNsnmgkuWQM4CNaOFSOhL1jLH95M/NYjU5pH8gFGMfNC0pc84JSAkdzrbgpnrgrxbW3cLZbssj0FXiZORkooQ71b/HF7EU1CJoEKonXHsWPwUqKAU8HGBTfRLCZ0SPqsY6gkIdNeOs08xidG6eEgUmYk4Kn69yIlodaj0DebIYGBXvQm4n9eJ4Hgyku5jBNgks4eBYnAEOFJAbjHFaMgRoYQqrjJiumAKELB1DT35WkWtWCKcRZrWCbN87JTKVfuL0rVWlZRHh2hY3SKHHSJqugO1VEDURSjF/SK3qxn6936sD5nqzkruzlEc7C+fgGKYJme</latexit>

At,FB

<latexit sha1_base64="JQ2CtTn9mlLm3pWlT0A2qluQkJs=">AAACAnicbVDLTgIxFL3jE/GFunTTSEzcSGbUoEuiG5eYyCOBkXRKBxrazqTtGMmEnT/gVv/AnXHrj/gDfocFZiHgSZqcnHNv7ukJYs60cd1vZ2l5ZXVtPbeR39za3tkt7O3XdZQoQmsk4pFqBlhTziStGWY4bcaKYhFw2ggGN2O/8UiVZpG8N8OY+gL3JAsZwcZKDc99SE/PR51C0S25E6BF4mWkCBmqncJPuxuRRFBpCMdatzw3Nn6KlWGE01G+nWgaYzLAPdqyVGJBtZ9O4o7QsVW6KIyUfdKgifp3I8VC66EI7KTApq/nvbH4n9dKTHjlp0zGiaGSTA+FCUcmQuO/oy5TlBg+tAQTxWxWRPpYYWJsQzNXnqZR87YYb76GRVI/K3nlUvnuoli5zirKwSEcwQl4cAkVuIUq1IDAAF7gFd6cZ+fd+XA+p6NLTrZzADNwvn4BiTyXaA==</latexit>

10�3



19

Correlations
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Results
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Summary 

★ Top quark-electron four fermion operators can be probed at the DY/DIS process 

via loop effects. We compute the corresponding NLO electroweak corrections.  

★ The current Z-pole observables impose a stringent constraint on the SU(2) triplet 

4-fermion operator                . While others are unconstrained due to 

degeneracies. 

★ The EIC with polarized electrons beams is complementary to the HL-LHC and  

helps to break degeneracies. 

★ FCC-ee can improve the bounds significantly due to its high-luminosity and the 

energy availability to produce top-pair.

<latexit sha1_base64="RXW5On8bppw+e7jJ4TkDDS9AbIA=">AAACHHicbVDLSsNAFJ3UV62vqEsXDhahgpTESnVZdOPOCvYBTQyT6bQdOnk4MxFLyNLf8Afc6h+4E7eCP+B3OGmzsK0HBg7n3Ms9c9yQUSEN41vLLSwuLa/kVwtr6xubW/r2TlMEEcekgQMW8LaLBGHUJw1JJSPtkBPkuYy03OFl6rceCBc08G/lKCS2h/o+7VGMpJIcfd/ykBxgxOLr5C4uVY6OTbNSSZzYIozB+8TRi0bZGAPOEzMjRZCh7ug/VjfAkUd8iRkSomMaobRjxCXFjCQFKxIkRHiI+qSjqI88Iux4/JEEHiqlC3sBV8+XcKz+3YiRJ8TIc9VkGlvMeqn4n9eJZO/cjqkfRpL4eHKoFzEoA5i2AruUEyzZSBGEOVVZIR4gjrBU3U1deZxELahizNka5knzpGxWy9Wb02LtIqsoD/bAASgBE5yBGrgCddAAGDyBF/AK3rRn7V370D4nozkt29kFU9C+fgEBbqE+</latexit>

O
(3),1133
`q
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Back-up slides



The different detector systems observe different particle distributions.

!
<latexit sha1_base64="AR7TFvU7LENJkwBhV8GQhAik7B4=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSibNtKF5DMkdsQz1L9y4UMStX+POvzFtZ6GtBwKHc+69ufdEieAWfP/bW1ldW9/YLGwVt3d29/ZLB4dNq1NDWYNqoU07IpYJrlgDOAjWTgwjMhKsFY1upn7rgRnLtbqHccJCSQaKx5wScFIn8J+6wB4hk5NeqexX/BnwMglyUkY56r3SV7evaSqZAiqItW5YAmFGDHAq2KTYTS1LCB2RAes4qohkNsxmK0/wqVP6ONbGPQV4pv7uyIi0diwjVykJDO2iNxX/8zopxFdhxlWSAlN0/lGcCgwaT+/HfW4YBTF2hFDD3a6YDokhFFxKRRdCsHjyMmmeV4JqpXp3Ua5d53EU0DE6QWcoQJeohm5RHTUQRRo9o1f05oH34r17H/PSFS/vOUJ/4H3+AGIXkVg=</latexit>

10 m

or <latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p
<latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p

<latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n
<latexit sha1_base64="EcQn5WfyRYTBIzO9tP883hwFCtg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGedm7KFfuKqXqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6giNkQ==</latexit>

e�

Far-backward detector Far-forward detector

EIC Overview

Electron: 5 - 18 GeV 

Highly polarized (~70%)

<latexit sha1_base64="dFqtN4/Dx3xOZNz4Dnb4qZz6FUc=">AAACF3icbVDJSgNBEO1xjXGLetNLYxC8GGaiRE8S9KDHBEwiZKOnU4lNeha6ayRhiPgb/oBX/QNv4tWjP+B32FkOJvqg4PFeFVX13FAKjbb9Zc3NLywuLSdWkqtr6xubqa3tsg4ixaHEAxmoW5dpkMKHEgqUcBsqYJ4roeJ2L4d+5R6UFoF/g/0Q6h7r+KItOEMjNVO7xUaWnlPHbsRHx4OHGkIP4ysoDxrZZiptZ+wR6F/iTEiaTFBopr5rrYBHHvjIJdO66tgh1mOmUHAJg2Qt0hAy3mUdqBrqMw90PR79MKAHRmnRdqBM+UhH6u+JmHla9z3XdHoM7/SsNxT/86oRts/qsfDDCMHn40XtSFIM6DAQ2hIKOMq+IYwrYW6l/I4pxtHENrWlNz41aYJxZmP4S8rZjJPL5Ion6fzFJKIE2SP75JA45JTkyTUpkBLh5JE8kxfyaj1Zb9a79TFunbMmMztkCtbnD4qunt8=</latexit>

Q2 > 10�3 GeV2Excellent reconstruction accuracy 

Proton: 40-275 GeV 

Ion: 100 GeV/Nucleon



Observables at the LHC/HL-LHC

6/ab integrated luminosity is assumed



FCC-ee: Z,W-pole

The future uncertainties will be dominated by the theory
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Z-pole observables

The asymmetries:

<latexit sha1_base64="vu7DPoSehlNy8gGCfR8+28Iu9TY="></latexit>

Af,FB ⌘ �f,F � �f,B

�f,F + �f,B

<latexit sha1_base64="N5+xWaEXWOpZnCzRzMz7+voWBt8="></latexit>

Af ⌘ �f,L � �f,R

�f,L + �f,R

The R ratios:
<latexit sha1_base64="1900ojyowxechfKzfp4qPYcRTco="></latexit>

R` ⌘
�(Z ! hadrons)

�(Z ! `¯̀)

<latexit sha1_base64="irvNsyb3VXdZLLKBjTBdLm+oOrI="></latexit>

Rq ⌘ �(Z ! qq̄)

�(Z ! hadrons)

Hadronic cross sections:
<latexit sha1_base64="4/E+aOL7n/mP8q6R/18z3XSjM3Q="></latexit>

�h ⌘ �(e+e� ! Z ! hadrons)

Total decay width: 
<latexit sha1_base64="/49bE3K7AvpOa+e5hj22CYiAVaA=">AAACFHicbVDLTgIxFO3gC/GFunDhppGYuDBkxhh0SXShS0zkEWEyuVMKNLSdse0YCeE3/AG3+gfujFv3/oDfYYFZCHqSJueec2/u7QljzrRx3S8ns7C4tLySXc2trW9sbuW3d2o6ShShVRLxSDVC0JQzSauGGU4bsaIgQk7rYf9y7NcfqNIskrdmEFNfQFeyDiNgrBTk91pXIAQEd8et+wTaOC3rQb7gFt0J8F/ipaSAUlSC/HerHZFEUGkIB62bnhsbfwjKMMLpKNdKNI2B9KFLm5ZKEFT7w8kHRvjQKm3ciZR90uCJ+ntiCELrgQhtpwDT0/PeWPzPayamc+4PmYwTQyWZLuokHJsIj9PAbaYoMXxgCRDF7K2Y9EABMTazmS2P01NzNhhvPoa/pHZS9ErF0s1poXyRRpRF++gAHSEPnaEyukYVVEUEjdAzekGvzpPz5rw7H9PWjJPO7KIZOJ8/fK+eYg==</latexit>

�Z , �W

QED coupling: 
<latexit sha1_base64="oVhZxm5Dyqb/K6hxOTohR0yi+ZU=">AAACD3icbVDLSgMxFM3UV62vsS7dBIvgqs6IVJfFB7hswT6gMwyZNG1Dk8yQZKRl6Ef4A271D9yJWz/BH/A7TNtZ2NYDFw7n3Ms9nDBmVGnH+bZya+sbm1v57cLO7t7+gX1YbKookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDm+nfuuJSEUj8ajHMfE56gvaoxhpIwV20T33EIsHKEg9yWH9/m4S2CWn7MwAV4mbkRLIUAvsH68b4YQToTFDSnVcJ9Z+iqSmmJFJwUsUiREeoj7pGCoQJ8pPZ9kn8NQoXdiLpBmh4Uz9e5EirtSYh2aTIz1Qy95U/M/rJLp37adUxIkmAs8f9RIGdQSnRcAulQRrNjYEYUlNVogHSCKsTV0LX0bzqAVTjLtcwyppXpTdSrlSvyxVb7KK8uAYnIAz4IIrUAUPoAYaAIMReAGv4M16tt6tD+tzvpqzspsjsADr6xeCmZw+</latexit>

1/↵QED

Input:
<latexit sha1_base64="5hLZf8cbV6R4Z7VcRsSjc53VzAY=">AAACDnicbVDLSsNAFJ3UV62vVJduBovgQkoiUl0WBXVZwT6wCWEynbRDZ5IwM1FL6D/4A271D9yJW3/BH/A7nLRZ2NYDMxzOuZd7OH7MqFSW9W0UlpZXVteK66WNza3tHbO825JRIjBp4ohFouMjSRgNSVNRxUgnFgRxn5G2P7zM/PYDEZJG4Z0axcTlqB/SgGKktOSZZSe99q6OIffa2XfvjD2zYlWtCeAisXNSATkanvnj9CKccBIqzJCUXduKlZsioShmZFxyEklihIeoT7qahogT6aaT6GN4qJUeDCKhX6jgRP27kSIu5Yj7epIjNZDzXib+53UTFZy7KQ3jRJEQTw8FCYMqglkPsEcFwYqNNEFYUJ0V4gESCCvd1syVp2nUki7Gnq9hkbROqnatWrs9rdQv8oqKYB8cgCNggzNQBzegAZoAg0fwAl7Bm/FsvBsfxud0tGDkO3tgBsbXLwZmm2M=</latexit>

{GF ,mW ,mZ}
<latexit sha1_base64="FuTWVuSeV1QTOX+exEHWgve2vzQ=">AAACGXicbVC7TgJBFJ3FF+ILtdRiIjGxwl1i0MaESGNhgQmvBJDMDheZMPvIzF0D2dD4G/6Arf6BnbG18gf8DodHIeJJJjk559zcO8cNpdBo219WYml5ZXUtuZ7a2Nza3knv7lV1ECkOFR7IQNVdpkEKHyooUEI9VMA8V0LN7RfHfu0BlBaBX8ZhCC2P3fuiKzhDI7XTh8XT5o2Jd9hdjl5S57SJMMC4DNXRXa6dzthZewK6SJwZyZAZSu30d7MT8MgDH7lkWjccO8RWzBQKLmGUakYaQsb77B4ahvrMA92KJ78Y0WOjdGg3UOb5SCfq74mYeVoPPdckPYY9/dcbi/95jQi7F61Y+GGE4PPpom4kKQZ0XAntCAUc5dAQxpUwt1LeY4pxNMXNbRlMT02ZYpy/NSySai7r5LP527NM4WpWUZIckCNyQhxyTgrkmpRIhXDySJ7JC3m1nqw36936mEYT1mxmn8zB+vwB1+WfiA==</latexit>

C/⇤2 = 1/TeV2



FCC-ee fits


