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SM: GIM suppressed (FCNC)    → NP window

NP:

LHC

Top quark

<latexit sha1_base64="4Pl1XmkpdJy5Y2ut49wxLDxcxX8="></latexit>
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No significant irreducible SM background

<latexit sha1_base64="8hgCshQez/K9ArpG+uaprDk7C80="></latexit>
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Significant irreducible SM background
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<latexit sha1_base64="/ZGB6+9xUw5ysw2SwD21FXxyoPo=">AAAB+nicbVA9T8MwFHTKVwlfBUYWiwqJqUoQAsYKFsYikbZSG1WO+9JatZPIdhBR6G9ghZUNsfJn2PgpuGkGaDnJ0unund7zBQlnSjvOl1VZWV1b36hu2lvbO7t7tf2DtopTScGjMY9lNyAKOIvA00xz6CYSiAg4dILJzczvPIBULI7udZaAL8goYiGjRBvJ6wPn9qBWdxpOAbxM3JLUUYnWoPbdH8Y0FRBpyolSPddJtJ8TqRnlMLX7qYKE0AkZQc/QiAhQfl4cO8UnRhniMJbmRRoX6u9EToRSmQjMpCB6rBa9mfif10t1eOXnLEpSDRGdLwpTjnWMZz/HQyaBap4ZQqhk5lZMx0QSqk0/dr8IYpFxouHRVOIuFrBM2mcN96Jxfndeb16X5VTRETpGp8hFl6iJblELeYgihp7RC3q1nqw36936mI9WrDJziP7A+vwBMW+UXA==</latexit>

`
<latexit sha1_base64="/ZGB6+9xUw5ysw2SwD21FXxyoPo=">AAAB+nicbVA9T8MwFHTKVwlfBUYWiwqJqUoQAsYKFsYikbZSG1WO+9JatZPIdhBR6G9ghZUNsfJn2PgpuGkGaDnJ0unund7zBQlnSjvOl1VZWV1b36hu2lvbO7t7tf2DtopTScGjMY9lNyAKOIvA00xz6CYSiAg4dILJzczvPIBULI7udZaAL8goYiGjRBvJ6wPn9qBWdxpOAbxM3JLUUYnWoPbdH8Y0FRBpyolSPddJtJ8TqRnlMLX7qYKE0AkZQc/QiAhQfl4cO8UnRhniMJbmRRoX6u9EToRSmQjMpCB6rBa9mfif10t1eOXnLEpSDRGdLwpTjnWMZz/HQyaBap4ZQqhk5lZMx0QSqk0/dr8IYpFxouHRVOIuFrBM2mcN96Jxfndeb16X5VTRETpGp8hFl6iJblELeYgihp7RC3q1nqw36936mI9WrDJziP7A+vwBMW+UXA==</latexit>

`
<latexit sha1_base64="DdBeD4PpcSA2MdNbGtXekDYeOYA=">AAAB93icbVC7TsMwFHXKq4RXgZHFokJiqhKEgLGChbEg+pDaqHJcp7VqO5F9g4iq/gErrGyIlc9h41Nw0wzQciRLR+fco3t9wkRwA5735ZRWVtfWN8qb7tb2zu5eZf+gZeJUU9aksYh1JySGCa5YEzgI1kk0IzIUrB2Ob2Z++5Fpw2P1AFnCAkmGikecErDSPbj9StWreTnwMvELUkUFGv3Kd28Q01QyBVQQY7q+l0AwIRo4FWzq9lLDEkLHZMi6lioimQkm+aVTfGKVAY5ibZ8CnKu/ExMijclkaCclgZFZ9Gbif143hegqmHCVpMAUnS+KUoEhxrNv4wHXjILILCFUc3srpiOiCQVbjtvLg1hmggB7spX4iwUsk9ZZzb+ond+dV+vXRTlldISO0Sny0SWqo1vUQE1EUYSe0Qt6dTLnzXl3PuajJafIHKI/cD5/APLXkxk=</latexit>

t
<latexit sha1_base64="zQ342E2tfDvnTczwIIthrb4Wjhs=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsW7APaoWTSO21okhmSjHQo/QK3unUnbv0dd36K6XQW2nogcDjnHu7NCWLOtHHdL6ewsbm1vVPcLe3tHxwelY9P2jpKFIUWjXikugHRwJmElmGGQzdWQETAoRNM7hd+5wmUZpF8NGkMviAjyUJGibFSMxiUK27VzYDXiZeTCsrRGJS/+8OIJgKkoZxo3fPc2PgzogyjHOalfqIhJnRCRtCzVBIB2p9lh87xhVWGOIyUfdLgTP2dmBGhdSoCOymIGetVbyH+5/USE976MybjxICky0VhwrGJ8OLXeMgUUMNTSwhVzN6K6ZgoQo3tptTPgliknBiY2kq81QLWSfuq6l1Xa81apX6Xl1NEZ+gcXSIP3aA6ekAN1EIUAXpGL+jVmTpvzrvzsRwtOHnmFP2B8/kDoXmS8w==</latexit>

b

<latexit sha1_base64="snl0CBG+CNvNntOW1soFT2yrBso=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsW7APaoWTSO21okhmSjHQo/QK3unUnbv0dd36K6XQW2nogcDjnHu7NCWLOtHHdL6ewsbm1vVPcLe3tHxwelY9P2jpKFIUWjXikugHRwJmElmGGQzdWQETAoRNM7hd+5wmUZpF8NGkMviAjyUJGibFSMxmUK27VzYDXiZeTCsrRGJS/+8OIJgKkoZxo3fPc2PgzogyjHOalfqIhJnRCRtCzVBIB2p9lh87xhVWGOIyUfdLgTP2dmBGhdSoCOymIGetVbyH+5/USE976MybjxICky0VhwrGJ8OLXeMgUUMNTSwhVzN6K6ZgoQo3tptTPgliknBiY2kq81QLWSfuq6l1Xa81apX6Xl1NEZ+gcXSIP3aA6ekAN1EIUAXpGL+jVmTpvzrvzsRwtOHnmFP2B8/kDv0+TBg==</latexit>u
<latexit sha1_base64="cGBthm81n1g9rcQBQ3jYH4GkDmY=">AAAB9nicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rLoxmUL9gFtKJPJTTt0MgkzE2kI/QK3unUnbv0dd36K0zQLbT0wcDjnHu6d48WcKW3bX1ZpY3Nre6e8W9nbPzg8qh6fdFWUSAodGvFI9j2igDMBHc00h34sgYQeh543vV/4vSeQikXiUacxuCEZCxYwSrSR2v6oWrPrdg68TpyC1FCB1qj6PfQjmoQgNOVEqYFjx9rNiNSMcphXhomCmNApGcPAUEFCUG6WHzrHF0bxcRBJ84TGufo7kZFQqTT0zGRI9EStegvxP2+Q6ODWzZiIEw2CLhcFCcc6wotfY59JoJqnhhAqmbkV0wmRhGrTTWWYB3GYcqJhZipxVgtYJ92runNdb7QbteZdUU4ZnaFzdIkcdIOa6AG1UAdRBOgZvaBXa2a9We/Wx3K0ZBWZU/QH1ucPpJ2S9Q==</latexit>

d

<latexit sha1_base64="xNcAVPJamOSeD1p1QLoB3jqK9a0=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsW7APaoWTSO21okhmSjHQo/QK3unUnbv0dd36K6XQW2nogcDjnHu7NCWLOtHHdL6ewsbm1vVPcLe3tHxwelY9P2jpKFIUWjXikugHRwJmElmGGQzdWQETAoRNM7hd+5wmUZpF8NGkMviAjyUJGibFSszMoV9yqmwGvEy8nFZSjMSh/94cRTQRIQznRuue5sfFnRBlGOcxL/URDTOiEjKBnqSQCtD/LDp3jC6sMcRgp+6TBmfo7MSNC61QEdlIQM9ar3kL8z+slJrz1Z0zGiQFJl4vChGMT4cWv8ZApoIanlhCqmL0V0zFRhBrbTamfBbFIOTEwtZV4qwWsk/ZV1buu1pq1Sv0uL6eIztA5ukQeukF19IAaqIUoAvSMXtCrM3XenHfnYzlacPLMKfoD5/MHkDOS6A==</latexit>

W <latexit sha1_base64="ALAwZxOifdElemn0dwNTHjEFW0Q=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLoxmUL9oHtUDLpnTY0yQxJRjqUfoFb3boTt/6OOz/FdDoLbT0QOJxzD/fmBDFn2rjul1NYW9/Y3Cpul3Z29/YPyodHLR0likKTRjxSnYBo4ExC0zDDoRMrICLg0A7Gd3O//QRKs0g+mDQGX5ChZCGjxFip8dgvV9yqmwGvEi8nFZSj3i9/9wYRTQRIQznRuuu5sfGnRBlGOcxKvURDTOiYDKFrqSQCtD/NDp3hM6sMcBgp+6TBmfo7MSVC61QEdlIQM9LL3lz8z+smJrzxp0zGiQFJF4vChGMT4fmv8YApoIanlhCqmL0V0xFRhBrbTamXBbFIOTEwsZV4ywWsktZF1buqXjYuK7XbvJwiOkGn6Bx56BrV0D2qoyaiCNAzekGvzsR5c96dj8Vowckzx+gPnM8flOmS6w==</latexit>

Z

‘resonant’

<latexit sha1_base64="DdBeD4PpcSA2MdNbGtXekDYeOYA=">AAAB93icbVC7TsMwFHXKq4RXgZHFokJiqhKEgLGChbEg+pDaqHJcp7VqO5F9g4iq/gErrGyIlc9h41Nw0wzQciRLR+fco3t9wkRwA5735ZRWVtfWN8qb7tb2zu5eZf+gZeJUU9aksYh1JySGCa5YEzgI1kk0IzIUrB2Ob2Z++5Fpw2P1AFnCAkmGikecErDSPbj9StWreTnwMvELUkUFGv3Kd28Q01QyBVQQY7q+l0AwIRo4FWzq9lLDEkLHZMi6lioimQkm+aVTfGKVAY5ibZ8CnKu/ExMijclkaCclgZFZ9Gbif143hegqmHCVpMAUnS+KUoEhxrNv4wHXjILILCFUc3srpiOiCQVbjtvLg1hmggB7spX4iwUsk9ZZzb+ond+dV+vXRTlldISO0Sny0SWqo1vUQE1EUYSe0Qt6dTLnzXl3PuajJafIHKI/cD5/APLXkxk=</latexit>

t
<latexit sha1_base64="zQ342E2tfDvnTczwIIthrb4Wjhs=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsW7APaoWTSO21okhmSjHQo/QK3unUnbv0dd36K6XQW2nogcDjnHu7NCWLOtHHdL6ewsbm1vVPcLe3tHxwelY9P2jpKFIUWjXikugHRwJmElmGGQzdWQETAoRNM7hd+5wmUZpF8NGkMviAjyUJGibFSMxiUK27VzYDXiZeTCsrRGJS/+8OIJgKkoZxo3fPc2PgzogyjHOalfqIhJnRCRtCzVBIB2p9lh87xhVWGOIyUfdLgTP2dmBGhdSoCOymIGetVbyH+5/USE976MybjxICky0VhwrGJ8OLXeMgUUMNTSwhVzN6K6ZgoQo3tptTPgliknBiY2kq81QLWSfuq6l1Xa81apX6Xl1NEZ+gcXSIP3aA6ekAN1EIUAXpGL+jVmTpvzrvzsRwtOHnmFP2B8/kDoXmS8w==</latexit>

b

<latexit sha1_base64="snl0CBG+CNvNntOW1soFT2yrBso=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsW7APaoWTSO21okhmSjHQo/QK3unUnbv0dd36K6XQW2nogcDjnHu7NCWLOtHHdL6ewsbm1vVPcLe3tHxwelY9P2jpKFIUWjXikugHRwJmElmGGQzdWQETAoRNM7hd+5wmUZpF8NGkMviAjyUJGibFSMxmUK27VzYDXiZeTCsrRGJS/+8OIJgKkoZxo3fPc2PgzogyjHOalfqIhJnRCRtCzVBIB2p9lh87xhVWGOIyUfdLgTP2dmBGhdSoCOymIGetVbyH+5/USE976MybjxICky0VhwrGJ8OLXeMgUUMNTSwhVzN6K6ZgoQo3tptTPgliknBiY2kq81QLWSfuq6l1Xa81apX6Xl1NEZ+gcXSIP3aA6ekAN1EIUAXpGL+jVmTpvzrvzsRwtOHnmFP2B8/kDv0+TBg==</latexit>u
<latexit sha1_base64="cGBthm81n1g9rcQBQ3jYH4GkDmY=">AAAB9nicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rLoxmUL9gFtKJPJTTt0MgkzE2kI/QK3unUnbv0dd36K0zQLbT0wcDjnHu6d48WcKW3bX1ZpY3Nre6e8W9nbPzg8qh6fdFWUSAodGvFI9j2igDMBHc00h34sgYQeh543vV/4vSeQikXiUacxuCEZCxYwSrSR2v6oWrPrdg68TpyC1FCB1qj6PfQjmoQgNOVEqYFjx9rNiNSMcphXhomCmNApGcPAUEFCUG6WHzrHF0bxcRBJ84TGufo7kZFQqTT0zGRI9EStegvxP2+Q6ODWzZiIEw2CLhcFCcc6wotfY59JoJqnhhAqmbkV0wmRhGrTTWWYB3GYcqJhZipxVgtYJ92runNdb7QbteZdUU4ZnaFzdIkcdIOa6AG1UAdRBOgZvaBXa2a9We/Wx3K0ZBWZU/QH1ucPpJ2S9Q==</latexit>

d

<latexit sha1_base64="xNcAVPJamOSeD1p1QLoB3jqK9a0=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsW7APaoWTSO21okhmSjHQo/QK3unUnbv0dd36K6XQW2nogcDjnHu7NCWLOtHHdL6ewsbm1vVPcLe3tHxwelY9P2jpKFIUWjXikugHRwJmElmGGQzdWQETAoRNM7hd+5wmUZpF8NGkMviAjyUJGibFSszMoV9yqmwGvEy8nFZSjMSh/94cRTQRIQznRuue5sfFnRBlGOcxL/URDTOiEjKBnqSQCtD/LDp3jC6sMcRgp+6TBmfo7MSNC61QEdlIQM9ar3kL8z+slJrz1Z0zGiQFJl4vChGMT4cWv8ZApoIanlhCqmL0V0zFRhBrbTamfBbFIOTEwtZV4qwWsk/ZV1buu1pq1Sv0uL6eIztA5ukQeukF19IAaqIUoAvSMXtCrM3XenHfnYzlacPLMKfoD5/MHkDOS6A==</latexit>

W

<latexit sha1_base64="/ZGB6+9xUw5ysw2SwD21FXxyoPo=">AAAB+nicbVA9T8MwFHTKVwlfBUYWiwqJqUoQAsYKFsYikbZSG1WO+9JatZPIdhBR6G9ghZUNsfJn2PgpuGkGaDnJ0unund7zBQlnSjvOl1VZWV1b36hu2lvbO7t7tf2DtopTScGjMY9lNyAKOIvA00xz6CYSiAg4dILJzczvPIBULI7udZaAL8goYiGjRBvJ6wPn9qBWdxpOAbxM3JLUUYnWoPbdH8Y0FRBpyolSPddJtJ8TqRnlMLX7qYKE0AkZQc/QiAhQfl4cO8UnRhniMJbmRRoX6u9EToRSmQjMpCB6rBa9mfif10t1eOXnLEpSDRGdLwpTjnWMZz/HQyaBap4ZQqhk5lZMx0QSqk0/dr8IYpFxouHRVOIuFrBM2mcN96Jxfndeb16X5VTRETpGp8hFl6iJblELeYgihp7RC3q1nqw36936mI9WrDJziP7A+vwBMW+UXA==</latexit>

`
<latexit sha1_base64="/ZGB6+9xUw5ysw2SwD21FXxyoPo=">AAAB+nicbVA9T8MwFHTKVwlfBUYWiwqJqUoQAsYKFsYikbZSG1WO+9JatZPIdhBR6G9ghZUNsfJn2PgpuGkGaDnJ0unund7zBQlnSjvOl1VZWV1b36hu2lvbO7t7tf2DtopTScGjMY9lNyAKOIvA00xz6CYSiAg4dILJzczvPIBULI7udZaAL8goYiGjRBvJ6wPn9qBWdxpOAbxM3JLUUYnWoPbdH8Y0FRBpyolSPddJtJ8TqRnlMLX7qYKE0AkZQc/QiAhQfl4cO8UnRhniMJbmRRoX6u9EToRSmQjMpCB6rBa9mfif10t1eOXnLEpSDRGdLwpTjnWMZz/HQyaBap4ZQqhk5lZMx0QSqk0/dr8IYpFxouHRVOIuFrBM2mcN96Jxfndeb16X5VTRETpGp8hFl6iJblELeYgihp7RC3q1nqw36936mI9WrDJziP7A+vwBMW+UXA==</latexit>

`

<latexit sha1_base64="xNcAVPJamOSeD1p1QLoB3jqK9a0=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsW7APaoWTSO21okhmSjHQo/QK3unUnbv0dd36K6XQW2nogcDjnHu7NCWLOtHHdL6ewsbm1vVPcLe3tHxwelY9P2jpKFIUWjXikugHRwJmElmGGQzdWQETAoRNM7hd+5wmUZpF8NGkMviAjyUJGibFSszMoV9yqmwGvEy8nFZSjMSh/94cRTQRIQznRuue5sfFnRBlGOcxL/URDTOiEjKBnqSQCtD/LDp3jC6sMcRgp+6TBmfo7MSNC61QEdlIQM9ar3kL8z+slJrz1Z0zGiQFJl4vChGMT4cWv8ZApoIanlhCqmL0V0zFRhBrbTamfBbFIOTEwtZV4qwWsk/ZV1buu1pq1Sv0uL6eIztA5ukQeukF19IAaqIUoAvSMXtCrM3XenHfnYzlacPLMKfoD5/MHkDOS6A==</latexit>

W

Non-resonant

SM background for
<latexit sha1_base64="itw/pcdLrFZIOrYo+D37Kspvp00=">AAACKnicbVDLSgNBEJyNrxhfUY8iDAbBU9gNoh5FLx4jmETIhjA76ejoPNaZXjWEnPwawZP+ibfg1W/w7CTm4Kugoajqnp6uJJXCYRgOg9zU9MzsXH6+sLC4tLxSXF2rO5NZDjVupLHnCXMghYYaCpRwnlpgKpHQSK6PR37jFqwTRp9hL4WWYhdadAVn6KV2cTNO4KaAVzFIOapCrI3OVAI2BrhpF0thORyD/iXRhJTIBNV28SPuGJ4p0Mglc64ZhSm2+syi4BIGhThzkDJ+zS6g6almClyrPz5jQLe90qFdY31ppGP1+0SfKed6KvGdiuGl++2NxP+8Zobdg1Zf6DRD0PxrUTeTFA0dZUI7wgJH2fOEcSv8Xym/ZJZx9Mn92KIyicKaO3/J+DmqepIh3Pugot+x/CX1SjnaK++eVkqHR5PI8mSDbJEdEpF9ckhOSJXUCCcP5JE8k5fgKXgNhsHbV2sumMyskx8I3j8Bn4OoZw==</latexit>

tj``



9/17/21 MTTD - J. Wudka 5

Will assume that the NP
- Is not directly produced (seen through virtual effects only)
- It is weakly coupled
- It is decoupling
- It is described by a gauge theory with scalars, vectors & fermions
- It has a typical scale L > v ~ 246 GeV

<latexit sha1_base64="Wog8ZRtwQzM3Ufr20nJI/POfj9Y="></latexit>

L = LSM +
1X

n=5

1

⇤n�4

X

i

↵iO
(n)
i

Lower dimension 
operators dominate

Tree level generated 
operators dominate

For this process: no 
dimension 5 operator
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• Leading operators have dimension 6: 

• The basis of operators is not unique – the S-matrix is

I’ll use the Warsaw basis

• Loop-generated (LG) operators are known

• Non-LG operators may be tree-generated … but may not: depends on the NP

→ I’ll call them Potentially Tree Generated (PTG) operators

• For this calculation: PTG operators with t → u flavor-changing couplings

(will not be sensitive to flavor changing W and Z couplings: L too large)

<latexit sha1_base64="3bTQyUJhuAP/CSOEyHDspZAbZqc=">AAACA3icbU/LSsNAFL2prxpfUZduBltBEGoSRLdFNy4UKtoHmBomk2k7dCYJmYlaSpb+g//gTlwJutVf8G9M22xaPXDhzDlnZu7xIs6kMs0frTA3v7C4VFzWV1bX1jeMza2GDJOY0DoJeRi3PCwpZwGtK6Y4bUUxxcLjtOn1z0Z+857GkoXBjRpEtC1wN2AdRrDKJNewy8jhBHN3iBylEO10UuRIJtDkfH2ZogNkHToX2ZM+vrORXnaNklkxx0B/iZWTEuSouca744ckETRQhGMpby0zUu0hjhUjnKa6k0gaYdLHXTocN0rRXib5qBPG2QQKjdWpHBZSDoSXJQVWPTnrjcR/PZkt0KP+9Kci4YrF4UOq6w4LokQhMeBY0Uddz8pas9X+koZdsY4rR1d2qXqa1y7CDuzCPlhwAlU4hxrUgcAzfMIXfGtP2ov2qr1NogUtv7MNU9A+fgFkr5RJ</latexit>

Leff ⇠ SM+ 1/⇤2



9/17/21 MTTD - J. Wudka 7

<latexit sha1_base64="6Nl9aVkHW7oenTlq/0oxYkAc8dk="></latexit>

O
(1)
lq = (l̄�µl

0)(q̄u�
µqt)

O
(3)
lq = (l̄ ⌧ I �µl

0)(q̄u ⌧
I �µqt)

O
(1)
eu = (ē�µe

0)(ū�µt)

O
(1)
lu = (l̄�µl

0)(ū�µt)

O
(1)
eq = (ē�µe

0)(q̄u�
µqt)

<latexit sha1_base64="AoAkzQaqsa8Nxr5T4IuLr7bcAUg="></latexit>.

Dictionary:

l : LH e, µ lepton doublets (will not use ⌧) .

qu : LH u� d quark doublet

qt : LH t� b quark doublet

e : RH e, µ lepton singlets (will not use ⌧)
qu : RH u quark singlet

t : RH t quark singlet
.

<latexit sha1_base64="oGdffEUEKR13fwQUpGhmxaclWQQ="></latexit>

O
(1)
lequ = (l̄e0)"(q̄ut)

O
(3)
lequ = (l̄�µ⌫e

0)"(q̄u�
µ⌫t)
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<latexit sha1_base64="I/0WqYHZ/3799QTsoIs3278Ifng="></latexit>

Ltu`` =
1

⇤2

X

i,j=L,R


V `
ij

�
¯̀�µPi`

�
(t̄�µPju) + S`

ij

�
¯̀Pi`

�
(t̄Pju) + T `

ij

�
¯̀�µ⌫Pi`

�
(t̄�µ⌫Pju)

�
Equivalently:

<latexit sha1_base64="n24xeevltEESvMlweLF76qOHfCk="></latexit> .
Correspondence:

VLL = ↵(1)
`q � ↵(3)

`q , VLR = ↵`u , VRR = ↵eu , VRL = ↵qe ,

SRR = �↵(1)
`equ , SLL = SLR = SRL = 0 ,

TRR = �↵(3)
`equ , TLL = TLR = TRL = 0

.
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<latexit sha1_base64="/ZGB6+9xUw5ysw2SwD21FXxyoPo=">AAAB+nicbVA9T8MwFHTKVwlfBUYWiwqJqUoQAsYKFsYikbZSG1WO+9JatZPIdhBR6G9ghZUNsfJn2PgpuGkGaDnJ0unund7zBQlnSjvOl1VZWV1b36hu2lvbO7t7tf2DtopTScGjMY9lNyAKOIvA00xz6CYSiAg4dILJzczvPIBULI7udZaAL8goYiGjRBvJ6wPn9qBWdxpOAbxM3JLUUYnWoPbdH8Y0FRBpyolSPddJtJ8TqRnlMLX7qYKE0AkZQc/QiAhQfl4cO8UnRhniMJbmRRoX6u9EToRSmQjMpCB6rBa9mfif10t1eOXnLEpSDRGdLwpTjnWMZz/HQyaBap4ZQqhk5lZMx0QSqk0/dr8IYpFxouHRVOIuFrBM2mcN96Jxfndeb16X5VTRETpGp8hFl6iJblELeYgihp7RC3q1nqw36936mI9WrDJziP7A+vwBMW+UXA==</latexit>

`

<latexit sha1_base64="/ZGB6+9xUw5ysw2SwD21FXxyoPo=">AAAB+nicbVA9T8MwFHTKVwlfBUYWiwqJqUoQAsYKFsYikbZSG1WO+9JatZPIdhBR6G9ghZUNsfJn2PgpuGkGaDnJ0unund7zBQlnSjvOl1VZWV1b36hu2lvbO7t7tf2DtopTScGjMY9lNyAKOIvA00xz6CYSiAg4dILJzczvPIBULI7udZaAL8goYiGjRBvJ6wPn9qBWdxpOAbxM3JLUUYnWoPbdH8Y0FRBpyolSPddJtJ8TqRnlMLX7qYKE0AkZQc/QiAhQfl4cO8UnRhniMJbmRRoX6u9EToRSmQjMpCB6rBa9mfif10t1eOXnLEpSDRGdLwpTjnWMZz/HQyaBap4ZQqhk5lZMx0QSqk0/dr8IYpFxouHRVOIuFrBM2mcN96Jxfndeb16X5VTRETpGp8hFl6iJblELeYgihp7RC3q1nqw36936mI9WrDJziP7A+vwBMW+UXA==</latexit>

`
<latexit sha1_base64="DdBeD4PpcSA2MdNbGtXekDYeOYA=">AAAB93icbVC7TsMwFHXKq4RXgZHFokJiqhKEgLGChbEg+pDaqHJcp7VqO5F9g4iq/gErrGyIlc9h41Nw0wzQciRLR+fco3t9wkRwA5735ZRWVtfWN8qb7tb2zu5eZf+gZeJUU9aksYh1JySGCa5YEzgI1kk0IzIUrB2Ob2Z++5Fpw2P1AFnCAkmGikecErDSPbj9StWreTnwMvELUkUFGv3Kd28Q01QyBVQQY7q+l0AwIRo4FW zq9lLDEkLHZMi6lioimQkm+aVTfGKVAY5ibZ8CnKu/ExMijclkaCclgZFZ9Gbif143hegqmHCVpMAUnS+KUoEhxrNv4wHXjILILCFUc3srpiOiCQVbjtvLg1hmggB7spX4iwUsk9ZZzb+ond+dV+vXRTlldISO0Sny0SWqo1vUQE1EUYSe0Qt6dTLnzXl3PuajJafIHKI/cD5/APLXkxk=</latexit>

t

<latexit sha1_base64="snl0CBG+CNvNntOW1soFT2yrBso=">AAAB9nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsW7APaoWTSO21okhmSjHQo/QK3unUnbv0dd36K6XQW2nogcDjnHu7NCWLOtHHdL6ewsbm1vVPcLe3tHxwelY9P2jpKFIUWjXikugHRwJmElmGGQzdWQETAoRNM7hd+5wmUZpF8NGkMviAjyUJGibFSMxmUK27VzYDXiZeTCsrRGJS/+8OIJgKkoZxo3fPc2PgzogyjHO alfqIhJnRCRtCzVBIB2p9lh87xhVWGOIyUfdLgTP2dmBGhdSoCOymIGetVbyH+5/USE976MybjxICky0VhwrGJ8OLXeMgUUMNTSwhVzN6K6ZgoQo3tptTPgliknBiY2kq81QLWSfuq6l1Xa81apX6Xl1NEZ+gcXSIP3aA6ekAN1EIUAXpGL+jVmTpvzrvzsRwtOHnmFP2B8/kDv0+TBg==</latexit>u

LQ

Z’

<latexit sha1_base64="AItW7mNkjDZz+UvRpOa5AOrJd7k="></latexit>

⇤ =
M
LQ >

m max`q

<latexit sha1_base64="CdH8EdVd1hsil8/5iF/7T1MB4ZE="></latexit>

⇤ =
MZ

0 >
m
ma
x

``

<latexit sha1_base64="KfWw3cp+3zi+Z1Ez0KjwXUsSba8="></latexit>.
. X EFT: ⇤ > mmax

`` or mmax
`q .

.
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Due to gauge invariance. Example: B anomalies require
<latexit sha1_base64="a5fA25XkmnLp0jF5YGTwPR4x9SU="></latexit>

↵(1)
lq ' ↵(3)

lq or ⇤ ' 40TeV

<latexit sha1_base64="2wA/MP2pI+fyZcMBYrmCjrARwg4="></latexit>

` ` t u/c 4-fermi type
signal SRR TRR VRR VLL VRL VLR

pp ! t``/t``+ j X X X X X X
pp ! t`+ 6ET /t`+ j + 6ET X X X
pp ! t+ 6ET /t+ j + 6ET X X

b/B-physics X X X X
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Du-jour favorites: leptoquarks. For example:

R2 and/or U1 that can address the RK, RD and g-2 anomalies, and

<latexit sha1_base64="pA2yfCC9KVKsZu0r1lvDGdexyqs=">AAAB+nicbU/LSsNAFJ34rOMr6tLNYBHqpiRFdCUW3bio0IJ9gFPCJJm2QyeTMDMRS8zPiC7ErX/hVhf+jWnMpq0HLhzOOfdyjxtxprRl/RhLyyura+ulDbi5tb2za+7td1QYS4+2vZCHsucSRTkTtK2Z5rQXSUoCl9OuO76e+t0HKhULxZ2eRLQfkKFgA+YRnUmOeYldwmElwfmpRFI/TXAj2/dJmqILdOskWGvUaKUnEItQxIFLJabCTwhnQ5E6ZtmqWjnQIrELUgYFmo75gv3QiwMqtMeJUve2Fel+QqRmHqcpxLGiEfHGZEiT/KcUHWeSjwahzEZolKszORIoNQncLBkQPVLz3lT811PZA6OsMYSYiSjWKJhwoukjhFkte77EIunUqvZZ9bRVK9evioIlcAiOQAXY4BzUwQ1ogjbwwCv4BF/g23gyno034/0vumQUOwdgBsbHL9qik2M=</latexit>

(⇤ = MLQ)

<latexit sha1_base64="/n6KmdSAl8L0c9zfLbaTocL/6Hc="></latexit>

↵eq = �1

2
|z|2 , ↵`u =

1

2
|y|2

↵(1)
lequ = 4↵(3)

lequ = �1

2
yz

<latexit sha1_base64="BO04hBpKK+IllJ72xMA7VMhWcjQ=">AAACDnicbY/LSsNAGIUnXmu8RV26GSxCXViSKroSim5cVrQXcNowSf+2oTNJmplIS5p38CF8BsGFuPUVXLnVtzCN2fRyYOBwvjPDHMtnjpC6/qUsLa+srq3nNtTNre2dXW1vvya8MLChanvMCxoWFcAcF6rSkQwafgCUWwzqVv9mwutPEAjHcx/kyIcmp13X6Tg2lUlkavfEgoFKKPN71IyIlJjhQdyKCsZJjK/wAnCWglPSo6yDx8Nxq4RV4npuyC0ICCSvmVpeL+qp8LwxMpNHmSqm9kLanh1ycKXNqBCPhu7LZkQD6dgMYpWEAnxq92kXonRyjI+TqI07XpAcV+I0nepRLsSIW0mTU9kTs2wSLmQi+UAP2rGqEsf1Q4n5iFEJQ3Uyy5gdMW9qpaJxUTy/K+XL19nAHDpER6iADHSJyugWVVAV2egNfaMf9Ks8K6/Ku/LxX11SsjsHaErK5x/DbJjV</latexit>

↵(1)
lq = ↵(3)

lq = �1

2
|x|2

<latexit sha1_base64="KHw5AuXu8oHurImrqoERp+VUr3I=">AAACCXicbY/NSsNAFIUn9a/Gv6pLN4NFcVWSIrotunElFUxbMDVM0tt26MwkzkykJeQJfA1fQHAhbn0K3eqDOK3dtPXCwOE7Z7j3hAmjSjvOp1VYWl5ZXSuu2xubW9s7pd29hopTGYEXxSyWrZAoYFSAp6lm0EokEB4yaIaDy7HffASpaCxu9SiBNic9Qbs0ItqgoHTth4TZx0OcGSHxQ479HuGcBD5PDZssyCR08swL3HsDc5MAxjC2fRGLlIcgfRCdjDDaE3lQKjsVZzJ4UbhTUUbTqQelZ78TRykHoSNGlLpznUS3MyI1jRjktp8qSEg0ID3IJsfk+MigDu7G0jyh8YTO5AhXasRDk+RE99W8N4b/esoc0DdVbdunIkk15iNGNAxt29Ry50ssika14p5VTm+q5drFtGARHaBDdIJcdI5q6ArVkYci9Iq+0Df6sZ6sF+vNev+LFqzpn300M9bHL9KTmXc=</latexit>

xq̄�µU
µ
1 `

<latexit sha1_base64="ypK6/asfdVGL6aU9XyAh76wHmLY="></latexit>

Ri
2

�
z⇤q̄ie� yū"ij`

j
�
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Will use the integrated cross section …

… where, since there is no SM-NP interference (different initial states), 

<latexit sha1_base64="K27YQlRuN0gdDwBb3ZcnMse9zQE=">AAACf3icdVDLSsQwFE3ru77Gx85NcBB1M7QiioIg6sLlCM6MYLWk6Z0aTNKapOpQ+kt+gH/i39iOs7AzeiHhcM653HtumHKmjet+WfbU9Mzs3PyCs7i0vLLaWFvv6iRTFDo04Ym6C4kGziR0DDMc7lIFRIQceuHzZaX3XkFplshbM0jhQZBYsj6jxJRU0PjwQ4iZzOFFEqXIoHB8zWJB9kSQ+8A5rr7iMfeNwYLJYh+fYcdn0g R5zYH9GF7wP00FjvCYu68IzaOfWUUe1dRSlonMRAjK8UFGv5YLGk235Q4LTwJvBJpoVO2g8elHCc0ESEM50frec1PzkBNlGOVQps00pIQ+kxjy4TULvFNSEe4nqnzS4CFb8xGh9UCEpVMQ86THtYr8U9PlAk8Q1YeKjBumkrfCqc6aZuXFBpwYeHeqsN54tEnQPWh5R63Dm4Pm+cUo9jzaQttoD3noGJ2ja9RGHUStTevUurSubMvetVu2+2O1rVHPBqqVffIN55/CrA==</latexit>

�(mmin
`` ) =

Z

m``�mmin
``

dm``
d�

dm``

<latexit sha1_base64="7Tem2Ez+7oJhp7/A+XB40w8w2ag=">AAAC5nicfVHNbhMxEPYufyX8pYUblxURUiqksBtVcKpUwYUDoCCatFKdrLze2Y2pfxbbC0TWvgI3xBWu9A36JrwN7jZCpC0dyfbMN99o5htnFWfGxvHvILxy9dr1G2s3O7du37l7r7u+MTGq1hTGVHGl9zNigDMJY8ssh/1KAxEZh73s8OVJfu8TaMOU3LWLCqaClJIVjBLroXQ9eIAzKJl08FESrcmi6WDDSkFSZyMMnLdX+q Hpi9T9jZuZw9ZGgslmc/ti/sy1lPdvmv+XRk8iXGhCXTEbNg5zKGwfv/bD5+RpGx203F2YNBHWrJzb6emzOdvyCM2V73lZ97ejy7pjqWQtMtAdDDL/ZwOdtNuLB3Fr0XknWTo9tLRR2j3GuaK1AGkpJ8YcJHFlp45oyygHv9PaQEXoISnBtZ/WRI89lEeF0v5IG7XoCo8IYxYi80xB7NyczZ2AF+aMH2AO+WpTUXPLtPrsxWEmq9rvYMGJhS+t2OSstPPOZDhIng223g17Oy+WstfQQ/QI9VGCnqMd9AqN0BjRwAU/g1/BUTgPv4bfwu+n1DBY1txHKxb++AM3W+tA</latexit>

�t``j (m
min
`` ) = �SM

t``j (m
min
`` ) +

f2

(⇤/ [TeV])4
· �NP

t``j (m
min
`` )

f = S, V, T

j = # of light jets in the final state, in particular
<latexit sha1_base64="SVLbCs15Q/oG+Y+IMyHyuztpfp0=">AAACHXicbVA7T8MwGHTKq4RXgJHFokJiqpIKwVrBwgBSEfQh4RI56dfWqp2ksQNUUX4L/4GRnQ2xAiP8EtzQpS0n2Trdne3v7EWcSWXbX0ZhYXFpeaW4aq6tb2xuWds7DRkmsQ91P+Rh3PKoBM4CqCumOLSiGKjwODS9wdnYb95DLFkY3KhRBG1BewHrMp8qLbnWBcnvSEfAefiQpcSDoUkk6wnqpgoTLeeba2d3aUqUwteXWYZ1QsAQ2yQIg0R4EBOAYeZaJbts58DzxJmQEpqg5lovpBP6iYBA+ZxKeevYkWqnNFbM55CZJJEQUX9Ae5Dmc2b4QEsd3A1jvQKFc3UqR4WUI+HppKCqL2e9sfivJ/UAfehMPyoSrlisP8Y0CQuiRGEx4lTBo2nqss5stXnSqJSd4/LRVaVUPZ3ULqI9tI8OkYNOUBWdoxqqIx89o0/0jX6MJ+PVeDPe/6IFY3JmF03B+PgFvkmjMg==</latexit>

�SM
t``0 ' 0
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Used MadGraph5_aMC@NLO, FeynRules and  
LO MSTW 2008 PDF’s (5-flavor scheme) 

Different values: 
rescale by f 2/L4
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We use tri and di-lepton signals

For this talk:

labels

<latexit sha1_base64="7uG1hhwxS9BMM29xQV1yIxoBR/E="></latexit>

`0`` : t ! bW ! b`0⌫`0

<latexit sha1_base64="y/A7h5DaremeUaTDh76bTvSSM/k="></latexit>

pp !

8
<

:

`+`� + t+ j

`+`� + t

9
=

; �!

8
<

:

`+`� + jb +X (``1b)

`0`+`� +X (`0``)

<latexit sha1_base64="8wbJejYzhauT8DqxOMlmE+rM1bU="></latexit>

``1b : µ+µ� + jb +X

`0`` : e±µ+µ� +X
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Main

Subdominant

<latexit sha1_base64="pT8m2pFAeyrO2dvc9QtQS5R6vdQ="></latexit>

tt̄ : pp ! tt̄ ! µ+µ� + 2jb + 6ET

Z + jets : pp ! µ+µ� + jets
+  non-prompt/fake lepton

<latexit sha1_base64="v7RojnCJwlfmjJY0GoeETSbDslg="></latexit>

• WZ: pp ! Wµ+µ� & W ! e⌫e

• ZZ: pp ! Zµ+µ� & Z ! e+e� (one e not tracked)

• tW : pp ! tW ! tW ! µ±µ⌥ + jb + 2j+ 6ET (+ non-prompt e)

• tt̄W : pp ! tt̄µ±⌫µ & tt̄ ! e±µ⌥ + 2jb+ 6ET

pp ! tt̄e±⌫e & tt̄ ! µ+µ� + 2jb+ 6ET

• tt̄Z: pp ! tt̄µ+µ� & tt̄ ! e± + 2jb + 2j+ 6ET

• tW̄Z: pp ! tWZ & Z ! µ+µ�, tW ! e± + jb + 2j+ 6ET

VV

Wt
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Theoretical:
- NLO-QCD corrections
- EW corrections
- PDF choice
- Renormalization & factorization scales

Experimental:
Unknown, esp. for  

<latexit sha1_base64="a8uSURo26E55ExK1oFZ24dmXsw0=">AAABx3icbU9NT8JAFHzrJ9Yv1KOXRiDBC2mJ0SvRi94wkY/EItkuD9iw2212twRCOPgvvGr8U/4bC/YCOMlLJjPzkpkwFtxYz/shW9s7u3v7uQPn8Oj45DR/dt40KtEMG0wJpdshNSh4hA3LrcB2rJHKUGArHD0s/NYYteEqerHTGDuSDiLe54zaVHoruoFiVJR9LyhdF7v5glfxlnA3iZ+RAmSod/PfQU+xRGJkmaDGvPpebDszqi1nAudOkBiMKRvRAc6WXeduKZV6bl/p9CLrLtWVHJXGTGWYJiW1Q7PuLcR/PZMWGGJv7jgBj+LEunIqqMWJ46Sz/PURm6RZrfi3lZvnaqF2nw3MwSVcQRl8uIMaPEIdGsBAwwd8whd5IoqMyeQvukWynwtYAXn/Bch7fTk=</latexit>

O(10%)
(related calculations)

<latexit sha1_base64="Dhk8SzZ/V6KT5hPawR+ELK9EDlA=">AAAB3nicbY9LS8NAFIVvfNb4qrp0M9gKLqQkRXQnRTcuK9gHmFon09t26EwSMtNiCdkKLsStP8C9W/0p/hunNZu2HrhwOOcMzOdHgivtOD/W0vLK6tp6bsPe3Nre2c3v7ddVOIwZ1lgowrjpU4WCB1jTXAtsRjFS6Qts+IPrSd8YYax4GNzpcYQtSXsB73JGtYna+UKRyHbioRCTSx8ST2sieZCSS+J6p57GUdGsnJIzFVk0bmYKkKnazn94nZANJQaaCarUvetEupXQWHMmMLW9ocKIsgHtYTJFSMmxiTqkG8bmAk2m6cyOSqXG0jdLSXVfzXeT8N9OmQ/0sZPatseDaGjgxoJqfLJtg+XOQyyaernknpfObsuFylUGmINDOIITcOECKnADVagBgxf4hC/4th6tZ+vVevubLlnZmwOYkfX+C5JBhuQ=</latexit>

mmin
`` > 1TeV

<latexit sha1_base64="Tp1EYuHzDCyLvPvI3Hye8u7VloU="></latexit>

� 20 eµµ events with mmin
µµ > 1TeV

(⇠ background free)

<latexit sha1_base64="cC1BZNI4GAOw5HhuiLYFAMo6VZo="></latexit>

f2

(⇤/ [ TeV])4
· �NP

eµµ(m
min
µµ ) · L � 20

<latexit sha1_base64="UoUlxonSsPRgiom1CmxQ+/4r7/4="></latexit>⇥
�NP
tµµ0

(mmin
µµ ) + �NP

tµµ1
(mmin

µµ )
⇤
· BR(t ! be⌫e)
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<latexit sha1_base64="mepgwyGZyetYPn40NA5y/dANnFM="></latexit>

Number of inclusive pp ! eµ+µ� +X signal events/100 fb�1, ⇤ = 1 TeV
Source Coupling mmin

µ+µ� = 100 GeV mmin
µ+µ� = 300 GeV mmin

µ+µ� = 500 GeV mmin
µ+µ� = 1000 GeV

SRR = 1 399 382 342 215
tuµµ 4-Fermi TRR = 1 7937 6568 5117 2539

VRR = 1 916 841 716 409

SRR = 1 29 25 20 9
tcµµ 4-Fermi TRR = 1 711 481 318 108

VRR = 1 75 60 44 18

pp ! tµ+µ�j SM irreducible 8 0 0 0

<latexit sha1_base64="6rmcMCsKHn74ligiXsGVp3PW6Cc="></latexit>

Number of background pp ! eµµ+X events/140 fb�1

sub-process mmin
µ+µ� = 500 GeV mmin

µ+µ� = 1000 GeV mmin
µ+µ� = 1500 GeV mmin

µ+µ� = 2000 GeV

tt̄ 78.2 1.6 0.1 0.0
Z + jets 16.5 1.3 0.2 0.0

V V 7.1 1.0 0.2 0.1
Wt 9.5 0.2 0.0 0.0

Total eµµ Background events 111.8 4.1 0.5 0.1



9/17/21 MTTD - J. Wudka 18

👎

👎

<latexit sha1_base64="Yok33R9WppFPAmTGSqP6Q8jQ57Y="></latexit>

Expected bounds on ⇤ [TeV], mmin
µ+µ� = 1000 GeV

Coupling tuµµ 4-Fermi case tcµµ 4-Fermi case

SRR = 1 4.3 1.8
L = 3000 fb�1 TRR = 1 7.9 3.6

VRR = 1 5.0 2.2

High-luminosity LHC:
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- In a more realistic study the sensitivity to L is slightly reduced (5 -10 %)
- 5s discovery limits for L can also be obtained

- Lepton flavor universality can also be probed

<latexit sha1_base64="qeIUFWnV/iRL30fNHJJTelpSUGc="></latexit>

Operator tuµµ 4-Fermi case
Coupling mmin

µ+µ� [GeV] ⇤(5�) [TeV] ⇤min(95% CL [TeV]

SRR = 1 2.1 2.8
L = 140 fb

�1 TRR = 1 1500 3.7 5.0
VRR = 1 2.4 3.2

SRR = 1 3.1 4.1
L = 3000 fb

�1 TRR = 1 2000 5.3 7.1
VRR = 1 3.5 4.7
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