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The Problem
<latexit sha1_base64="0cuIMJrLel54KA3uqoFPBAislvM=">AAABqnicZY/LTsJAFIbP4A3xVnXppoGNiYa0LmCjCdGNGxO8FDCUNNPhgBOml8xMjaTpa7j1AYxv4FafQd/GCmyAf/XlO+ck//FjwZW2rF9SWFldW98obpa2tnd294z9g5aKEsnQYZGIZMenCgUP0dFcC+zEEmngC2z7o6v/efsZpeJR+KDHMfYCOgz5gDOqc+UZlquYTG8y88KckedqfNHpfe5OFtxlLj2jYlWtScxlsGdQaZQH3s/H+1vTM5jbj1gSYKiZoEp1bSvWvZRKzZnArOQmCmPKRnSIKQt8yYdPes52cwxpgKqXTv6dPxGJHmelvJW92GEZWmdVu1at3eb1zmGaIhxBGY7Bhjo04Bqa4ACDV/iEL/gmp+SOPJLudLVAZjeHMBfS/wO2x3iX</latexit>

M =MSM +MBSM

<latexit sha1_base64="ZwPJdk3jcZnB2PsbTD34Qane4So=">AAABrXicZY/LSsNAGIX/qbdab1GXbkK7EYSaKFQXCkU3bgoVTVtoaphM/8ahkwuZiVhCHsSVDyA+g1t9A30b04tC9aw+zv8fOMeNBJfKML5IYWFxaXmluFpaW9/Y3NK2d1oyTGKGFgtFGHdcKlHwAC3FlcBOFCP1XYFtd3g5vrcfMJY8DG7VKMKeT72ADzijKrcc7diWLE4bmWMrfFTpxU0j08/1H7OmH/zy6ZhZP1TS0SpG1ZhI/w/mDCr18sD5fH15bjoas/shS3wMFBNUyq5pRKqX0lhxJjAr2YnEiLIh9TBlvhtz717Nud0cA+qj7KWTyfMRkahRVspbmX87/IfWUdWsVWvXeb0zmKoIe1CGfTDhBOpwBU2wgMETvME7fJBDYhGb3E1fC2SW2YU5Ee8bTPN4rQ==</latexit>

MBSM =M6 +M8 + · · ·
<latexit sha1_base64="nFaDHFiIUzgYjTsAeEp1fT84iyA=">AAABmnicZY/NSsNAFIXvtP7U+hd1qYtiN65KIlJduCiKoKhQoX/Q1DAZb9uhk0mYmQglZOvTCK7UZ/EJxLcwtt3Uns39OPceONePBNfGtr9ILr+0vLJaWCuub2xubVs7uy0dxophk4UiVB2fahRcYtNwI7ATKaSBL7Dtjy7/9u1nVJqHsmHGEfYCOpC8zxk1meVZJVczldynnsyIByW3ryhLrh5lmrh3NBueVbYr9kSlRXBmUK6dnXzn3z5/6p7F3KeQxQFKwwTVuuvYkeklVBnOBKZFN9YYUTaiA0xY4Cs+GJo5t5uhpAHqXjL5bz4iYjNOi1kr53+HRWgdV5xqpfqQ1TuHqQqwD4dwBA6cQg2uoQ5NYPACr/AOH+SAXJAbcjs9zZFZZg/mRBq/T1VyOg==</latexit>

Mn ∼
En

Λn

<latexit sha1_base64="WtcYQI0lMl3y0RgaDYZv2pLBpSQ=">AAAB23icZZDLSsNAFIZP6q3GW7zs3ATbhauQFK0bhYIoLiu0tdCEMjM9xqGTSUgmaglZuRO3PpPP4EO41a3pBaT2X32cy39+Do0ET5Rtf2qlpeWV1bXyur6xubW9Y+zudZIwjRm2WSjCuEtJgoJLbCuuBHajGElABd7R4eW4f/eIccJD2VKjCL2A+JLfc0ZUUeobxKXoc5kFXPKI+Jj3lJedWKdc5nrVpakQqKrm1XXLvDBF+GSixNgfmfgcETk21V0Z0uLgMCuAywFKlbsoB3+GfaNiW/ZE5iI4M6g0DmCiZt9g7iBkaVBYMUGSpOfYURGKxIozgbnupglGhA0L84wFNOb+g5qr9gqUJMDEyyYPml8RqRrlepHK+Z9hETo1y6lb9dtapXE+jQdlOIQjOAYHzqABN9CENjD4gC/4hh/N0160V+1tOlrSZjv7MCft/ReuJIl0</latexit>

• EFT = low energy expansion

<latexit sha1_base64="BJmGl9GhXzSJHPdy0OTIwjhtdUQ=">AAAB53icZZC7TsMwFIbtlksJt3DZWCKagalKEJSFoYKFpVIR9CI1VeS4h9Sq40S2Q6miPAMbYuWZmHgUNkJbCZX+06dz+c+vEyScKe04X7hUXlvf2KxsGds7u3v75sFhR8WppNCmMY9lLyAKOBPQ1kxz6CUSSBRw6Abj299+9xmkYrF41NMEBhEJBXtilOii5JuRF0DIRBYxwRISQt7Xg+yidslEbthekHIO2rZsT1GZNXPf0/Cis5uHZm5boYwnypowPbJAgAynhifioDg+zgpgYghC5x6I4Z+5b1admjOTtQruAqqNYzRTyzepN4xpGhVWlBOl+q6TFAGJ1IxyyA0vVZAQOi7MMxoFkoUjvVTtFyhIBGqQzZ61vMJTPc2NIpX7P8MqdM5rbr1Wvz+vNq7n8VAFnaBTdIZcdIUa6A61UBtR9Im+cQmXMcOv+A2/z0dLeLFzhJaEP34AixWNBA==</latexit>

• MBSM grows with energy
<latexit sha1_base64="uGEAvwYULpcEBr03fLmh8fKIRh8=">AAAB23icZZA7T8MwFIVvyquEV3hsLBHtwFQlFZSFoRILY0H0ITVV5biX1KrjRLYLqqJMbIiV38Rv4Eewwor7kFDpmY6O7z3+dMOUM6U979MqrK1vbG4Vt+2d3b39A+fwqKWSsaTYpAlPZCckCjkT2NRMc+ykEkkccmyHo5vpe/sJpWKJeNCTFHsxiQR7ZJRoE/UdEoQYMZHFTLCURJh3dS+7qFwykdvl4J5FQ02kTJ7LrmKRIFy5RLtDE7soUEYTOxBJaD4cZcYwMUCh8wDF4K+w75S8ijeTu2r8hSnVT2CmRt+hwSCh49hUUU6U6vpeaqCI1IxyzO1grDAldGTKMxqHcsq4lHaNFSRG1ctmB1pe4WM9yW1D5f9nWDWtasWvVWp31VL9eo4HRTiFMzgHH66gDrfQgCZQ+IAv+IYfq2e9WK/W23y0YC12jmFJ1vsvi1aKGA==</latexit>

� signals at high energy
<latexit sha1_base64="htSldXS4pYNephxLAL2b0bxUY+o=">AAAB43icZZBLS8NAFIVv6qvGV3zs3ATbhauSFK0bFwVRXFbpC5pSJtNrOjSZhJmppYT8Anfi1t/k2h/iVp0+QGrP6uOeew+H6ychk8pxPo3c2vrG5lZ+29zZ3ds/sA6PmjIeCYoNGoexaPtEYsg4NhRTIbYTgSTyQ2z5w5up33pGIVnM62qSYDciAWdPjBKlRz2LeT4GjKcR4ywhAWYd1U0vSpeMZ2bRe2TBQBEh4nHRvr2r276OHkq7H4+5TZQ90LaNHEUwMT0ez9xUA+N95CrzkPf/gntWwSk5M9mr4C6gUD2BmWo9i3r9mI4iHUVDImXHdRJdjgjFaIiZ6Y0kJoQOdXhKI19Muy5NOxo5iVB209mjlk/CkZpkpm7l/u+wCs1yya2UKg/lQvV6Xg/ycApncA4uXEEV7qEGDaDwAV/wDT8GGi/Gq/E2X80Zi5tjWJLx/gtMxYzG</latexit>

� EFT breaks down at high energy

<latexit sha1_base64="7L8sXy5hw+CpB9keEJEIu+kRfEU=">AAAB5nicZZA7T8MwFIXt8irhFR4bS0Q7MFVJBWVhqNSlA0JFog+pqSrbuaRWHSeKHaQqyl9gQ6z8Jjb+CSPuQ0KlZzo6vvf406WJ4Eq77jcubW3v7O6V962Dw6PjE/v0rKfiLGXQZbGI0wElCgSX0NVcCxgkKZCICujTaWv+3n+FVPFYPutZAqOIhJK/cEa0ica28CmEXOYRlzwhIRRDPcpvardcFlbVp5kQoKvOY+yEGUmJ1ACBoxgR4ChITDJvcYh2Htoty5cxNX9Pc2O4DEDqwgcZ/HWP7YpbcxdyNo23MpXmBVqoM7aZH8Qsi0wVE0Spoecmho+kmjMBheVncwo2NeU5i2jKw4leS4fGShKBGuWLW62viEzPCstQef8ZNk2vXvMatcZTvdK8X+KhMrpEV+gaeegONVEbdVAXMfSFfjDGJTzBb/gdfyxHS3i1c47WhD9/ARWvi/4=</latexit>

• No guaranteed scale separation at LHC
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Fig. 9. Unitarity violating scales given values of �t1 and �V 1. The solid line

represents the 95% C.L. at the LHC [30] and the dashed line is the HL-LHC

projection for ATLAS [33].

As discussed previously in §2.2, we can also consider tth interactions with additional deriva-

tives, but again we expect these will give a parametrically lower scale of unitarity violation,

and therefore in terms of new physics bounds, it is conservative to interpret a tth coupling

deviation in terms of the coupling with no derivatives. We can then determine the schematic

form for the following model-independent amplitudes:

M̂(q̄q ! VLVL) ⇠ yt (�t1 + �V 1 + �t1�V 1)
E

v
,

M̂(q̄q ! VLh) ⇠ yt (�t1 + �V 1)
E

v
,

M̂(q̄q ! VLVLVL) ⇠ yt
�
�t1 + �V 1 + �t1�V 1 + �2V 1

� E2

v2
,

(4.5)

where q = t, b. For the b̄t initial state processes, the first process vanishes. Amplitudes

related to these by crossing have the same scaling. The terms depending on �V 1 arise from

diagrams with propagators (see Eq. (3.7)). The 2 derivatives in vertices from �V 1 cancel

the energy suppression of the extra propagators, so these contributions are the same order.

For contributions with a propagator, there is a possibility of log(E/m) terms arising from

the phase space integrals in the amplitudes. By direct calculation, we show that these are

absent in all of the terms in Eq. (4.5), except possibly for the �2V 1 term in the last line. This

contribution is numerically small even if a log is present, and so we will neglect all quadratic

contributions.

20

<latexit sha1_base64="NwSSQVVWPinurJJmhnL+1frnuvQ=">AAAB2HicdVBNT8JAEN0qKtavqkcvFS6YYLMlol5MIFw8aIKJfChFsl3GstJum+7WhDRNvBmv/iIP/gn/glf9ARaBGA6+y7y8mXlvMnbgMiEx/lAWFjNLyyvZVXVtfWNzS9veaQo/Cik0qO/6YdsmAlzGoSGZdKEdhEA824WWPayN+61HCAXz+bUcBdD1iMPZPaNEplJPu7NscBiPPcZZQBxIOrIbHzGeqFU7Oqw+EI/BoKjXBoQ74wK8qF9e6IUSLuED1eK+naYN45Qw3gcuEwt4/8+tp+WxUcZj6NjAMzJVzKmSr+TOeObtZr/e06jV92nkpVbUJUJ0TBykF5FQMupColqRgIDQYWoeU88OmTOQc2onpZx4ILrx73fmV9xIjhI1vWoWrf9PmiXDPDbKV2a+coomyKI9lEMFZKITVEHnqI4aiKJ39Im+0Ldyqzwpz8rLZHRBme7sojkorz86I4ha</latexit>

Abu-Ajamieh, Chang, Chen, ML (2020)

<latexit sha1_base64="Bo3BBWIIOlChHU6cjBQhnNWa+x8=">AAABgXicZY9LT4NAFIXvtD4QX6hLN0Y2uiHQmLpwQ+LGZU2E1hRChum1nXR4hBlMGsKvcKs/zH8jIhvsWX05957knDgXXCrb/iaD4c7u3r52oB8eHZ+cGmfnvszKgqHHMpEVs5hKFDxFT3ElcJYXSJNY4DReP/7ep+9YSJ6lL2qTY5jQZcrfOKOqsV6DBUbVyvfryDBty251tQ1OB6arQatJZLBgkbEywVQxQaWcO3auwooWijOBtR6UEnPK1nSJFUvigi9XqufOG0xpgjKs2hn9iCjVptabVs7/DtvgjyxnbI2f70x39FcPNLiEa7gBB+7BhSeYgAcMEviAT/giQ3JLbNL9DkiXuYCeyMMPC8xkpw==</latexit>

�hV V

<latexit sha1_base64="vXVxhwdhoWr+FhFQDGwGFvBpOc8=">AAABgXicZY9LT4NAFIXvtD4QX6hLN0Y2uiHQmLpwQ+LGZU2krSmEDNMrnXR4hBlMGsKvcKs/zH8jIhvsWX05957knCgXXCrb/iaD4c7u3r52oB8eHZ+cGmfnU5mVBUOPZSIr5hGVKHiKnuJK4DwvkCaRwFm0fvy9z96xkDxLX9QmxyChccrfOKOqsV79JYbVSqk6NEzbsltdbYPTgelq0GoSGsxfZqxMMFVMUCkXjp2roKKF4kxgrfulxJyyNY2xYklU8Hileu6iwZQmKIOqndGPiFJtar1p5fzvsA3TkeWMrfHznemO/uqBBpdwDTfgwD248AQT8IBBAh/wCV9kSG6JTbrfAekyF9ATefgBTRJk4w==</latexit>

�htt



Statement of Principles

<latexit sha1_base64="zrWRKvEx3Ry1FIVz3h0mj+FDNjk=">AAACAHicZZC7TsMwFIZt7oRbuWwwRJSBqUoQl4WhEgtjkVpAaqrKdg6tVceO7BOkKsrCwLOwIVbehHfgITAtEir806f/+D/nl3mupMMo+qBz8wuLS8srq8Ha+sbmVm1759aZwgroCKOMvefMgZIaOihRwX1ugWVcwR0fXX3P7x7BOml0G8c59DI20PJBCobe6teeEw4DqctMapmzAVRd7JWnjTOpq+Ao4YVSgEdh2xZ6mgjBWmMD6UIW4hCMHYd+BBaZ1Dj2FsPADU2h0pBDiL4KQhok2nCPo9KD1ClorBLQ6e/Vfq0eNaKJwv8Q/0C9uUcmavVrIkmNKDK/SijmXDeOct+cWZRCQRUkhYOciZFfXoqMWzkY4ozb9ahZBq5XTn5xNqIKHFeBbxX/7fAfbk8a8Xnj/Oak3ryc1iMrZJ8ckmMSkwvSJNekRTpEkE+6Q/fpAX2iL/SVvk2fztGfzC6ZEX3/AprFll8=</latexit>

• Truncation error is a theory uncertainty that should be treated
<latexit sha1_base64="hjCQJsOhk05uYalYcvzIE2TFr6U=">AAABxXicZZBLS8NAFIXv1FeNr/jYuRG7cRWSonXjouBCwU0F+4CmlJnpNQ6dTGJmUigh+Jv8NeJO/4ljW5Das/q4c8+5h2GpFNr4/ieprK1vbG5Vt52d3b39A/fwqKOTPOPY5olMsh6jGqVQ2DbCSOylGdKYSeyy8e3ve3eCmRaJejLTFAcxjZR4FpwaOxq6DyHDSKgiFkqkNMKybwbFpXclVOm85lTZSLs5QTl1QpUwGz0uLAg1QmXKENXozzp0a77nz3S2CsECas0TmKk1dHk4Snge2yguqdb9wE/teZoZwSWWTphrTCkf2/CCxywT0YtZmvYtKhqjHhSzr1i2yNxMS8e2Cv53WIVO3QsaXuOxXmvezOtBFU7hHC4ggGtowj20oA0c3uEDvuCb3JGYGDKZr1bIwnMMSyJvP/KcggM=</latexit>

quantitatively

<latexit sha1_base64="Jh6rvK/Cixkzo3Nz1hWG+KvyEis=">AAAB/HicZZC7TsMwFIZtriVAKTCAxGLRDkxVgrgsDJVYGItES6WmqmznkFp1nMh2EFUUBp6FDbHyLrwBj4EplVDpP3069vn9ySyTwljf/8RLyyura+uVDW9za7u6U9vd65o01xw6PJWp7jFqQAoFHSushF6mgSZMwj0bX/+c3z+CNiJVd3aSwSChsRIPglPrRsPaS8ggFqpIhBIZjaHs20Fx1jwXqvQaIculBNsgbS1SbYgZpbmMCAMCT06OC0uoisiIPgKhhEugmmSjiXHtkiRAlVCxF6qUOaNx4UCoCJQtQ1DR34vDWt1v+tOQRQhmUG9V0DTtYY2HUcrzxFVxSY3pB37mrKm2wjmUXpgbyCgfu/KCJ0yLeGTnpn2HiiZgBsX0B+dXZG4npeesgv8Oi9A9bQYXzYvb03rr6lcPVdAROkYnKECXqIVuUBt1EEdfuIoP8CF+xq/4Db//Xl3Cs519NBf88Q37u5Q6</latexit>

• Priors should be explicit and have a clear physical meaning

<latexit sha1_base64="AvjtON6EDhnTHZLv2ECCSIdTPek=">AAAB2HicZZC5TsNAEIbH4QrmMkdHY5GGyrIjCA1FJBrKIJFDxCFaryfOKutdy7tGCpYlOkTLM/ESvAItPAAmQUIhf/Vpjn9+TZBwprTrvhuVldW19Y3qprm1vbO7Z+0fdJTMUoptKrlMewFRyJnAtmaaYy9JkcQBx24wufrpdx8wVUyKWz1NcBCTSLARo0SXpaF17wcYMZHHTLCERFj09SA/c86ZKEwSyEzbeoy2Yo9oy5EtMOJINYa2xjRWpi9kUF6b5CUwEaLQhY8i/HMbWjXXcWeyl8H7hVrzCGZqDS3qh5JmcWlFOVGq77lJmYikmlGOhelnChNCJ6V5TuMgZdFYL1T7JQoSoxrks+8srvBMTwuzTOX9z7AMnbrjNZzGTb3WvJzHgyocwwmcggcX0IRraEEbKLzBB3zCl3FnPBnPxst8tGL87hzCgozXb9IyiR8=</latexit>

about the size of neglected terms

<latexit sha1_base64="bYpj62fpzHMwdnTWkX94eTmOfvs=">AAACCHicZVC7TsMwFLXLq4RXgA2WiHRgqpIKysJQqQtjkehDaqrKcW+DVccJtoOoovwAA9/Chlj5C/6DD8B9SKj0TEf3cc65N0w5U9rzvnFpY3Nre6e8a+3tHxwe2ccnHZVkkkKbJjyRvZAo4ExAWzPNoZdKIHHIoRtOmrN+9xmkYol40NMUBjGJBBszSrQpDe23IISIiTxmgqUkgqKvB/lV9ZqJwqoEYcY56IrTTITSkpgZETk0gbERYCC0cphwiKNlJowgjBx4SYmYmVkSnjImQTlEqSxOZ27KCkQSmnST3BAmRkahCECM/tyHtutVvTmcdeIvidsoozlaQ5sGo4RmsZGi3Fj1fS81FxCpGeVQWEGmICV0YsRzGoeSRY96pdo3VJAY1CCff3N1hWd6Wlgmlf8/wzrp1Kp+vVq/r7mN20U8VEbn6AJdIh/doAa6Qy3URhT94DPs4gp+xe/4A38uRkt4uXOKVoC/fgHTcZqY</latexit>

• Constraining coe�cients in a truncated expansion requires assumptions



Outline of Proposal
<latexit sha1_base64="19YiGyKtmTekD/whqqn22dVVtkY=">AAABq3icZY/LSgNBEEWr4yvG16hLN43ZRMQwk0XcKARc6EIhEvPATBx62jJp0vOgu0cMw3yHX+NWv8G/cfLYxNxFcbhVF275sRTa2PYvKaytb2xuFbdLO7t7+wfW4VFHR4ni2OaRjFTPZxqlCLFthJHYixWywJfY9cc30333HZUWUfhkJjEOAjYMxZvgzOSWZzmu5iq9z+g1XZDnGvwwaesho+f0llZcnyk31oJOx9lLzbPKdtWeia6Cs4ByowIzNT2Lu68RTwIMDZdM675jx2aQMmUEl5iV3ERjzPiYDTHlga/EcGSW3H6OIQtQD9LZw8sRmZhJVspbOf87rEKnVnXq1fpjXu9qXg+KcAKnUAEHLqEBd9CENnD4hC/4hh9yQVrkmbjz0wJZZI5hSQT/AJR8dBc=</latexit>

L = LSM + G(ψ̄ψ)2
<latexit sha1_base64="XkOHpyfzdc69q5ehpaNWVZaPDPI=">AAAB5nicZZDLSsNAFIZn6q3WW7zs3ATbhauQiNaNQkEUN0KF3qApZTI5pkMnk5CZWEvIK7gTtz6TO9/EpWNakNp/9c2Zc/7zc7yYM6ls+wuXVlbX1jfKm5Wt7Z3dPWP/oCOjNKHQphGPkp5HJHAmoK2Y4tCLEyChx6HrjW9+/7vPkEgWiZaaxjAISSDYE6NE6dLQ4K4HARNZyASLSQB5Xw2yc+uCibxSe6iZ16ar4EVlICAJpqakhIM5GUEC5u1dy/T0rrE0/Wii+10RFe9MAxM+CJW7IPw/76FRtS27kLkMzhyqjSNUqDk0qOtHNA21FeVEyr5jxzofSRSjHPTGVEJM6FibZzT0EhaM1EK1r1GQEOQgK261OMJTNc0rOpXzP8MydM4sp27VH8+qjatZPFRGx+gEnSIHXaIGukdN1EYUfaJvjHEJj/ArfsPvs9YSns8cogXhjx/JP4vS</latexit>

M = energy scale where EFT breaks down

no UV

chipYetion completion

completion
no UV
models

<latexit sha1_base64="iFa6aZCeFXO6P89pXHefkajb7FI=">AAAB03icZZDLSsNAFIZP6q3GW7zs3ATbhauQFK0gLgpd6EaoYNpKU8pkOo1Dk5kwMymUkI249Zl8Dh/Arb6CY1uQ2n/1zTlz/vNzwjSmUrnuh1FaW9/Y3Cpvmzu7e/sH1uFRW/JMYOJjHnPRDZEkMWXEV1TFpJsKgpIwJp1w3PztdyZESMrZo5qmpJ+giNERxUjp0sB6CkISUZYnlNEURaToqX5+4VxSVphNzqQSiDK7elu1R1zYEZ0Q/bqvXpsB46FeNM41UDYkTBUBYcM/o4FVcR13JnsVvAVUGicwU2tg4WDIcZZoKxwjKXuem+owSCiKY1KYQSZJivBYm+c4CQWNntVStaeRoYTIfj47zPJInKlpYepU3v8Mq9CuOV7dqT/UKo2beTwowymcwTl4cAUNuIMW+IDhHT7hC74N38iNF+N1/rVkLGaOYUnG2w9yC4V6</latexit>

Constrain G for given M:

<latexit sha1_base64="H0g3BTa2mjBb2EFGS/Pfzp1NU5c=">AAAB43icZZBLS8NAFIVvfNb4io+dm2A3rkJStIIoFNy4rNAXNKVMptd0aDIJMxMhhPwCd+LW3+TaH+JWHduC1p7Vx5l7zz1MkEZMKtd9N1ZW19Y3Nitb5vbO7t6+dXDYkUkmKLZpEiWiFxCJEePYVkxF2EsFkjiIsBtMbn/eu48oJEt4S+UpDmIScvbAKFHaGlrMDzBkvIgZZykJseyrQXHuXDBemi2R8dmcrQGFIoyr3L6x1RgTkf81r0yfJ4E+PCk0MD5Crkof+eg3eGhVXcedyl4Gbw7VxjFM1Rxa1B8lNIt1FI2IlH3PTXU5IhSjEZamn0lMCZ3o8ILGgWDhWC24fY2cxCgHxfSjFleiTOWlqVt5/zssQ6fmeHWnfl+rNq5n9aACJ3AKZ+DBJTTgDprQBgpv8AGf8GWg8WQ8Gy+z0RVjvnMECzJevwFVhY5Q</latexit>

Truncation uncertainty = theory uncertainty:



EFT Corrections

<latexit sha1_base64="jVUaRjYmXmTXRL3OrYAwW25uV/k=">AAAB0XicZZBLS8NAFIVv6qvGV3zs3ATbhauSiNaNQsGNG6GifUBTymR6mw6dTEJmUgghIG79Tf4Q1271Pzi2Bak9q497555zGD/mTCrH+TBKa+sbm1vlbXNnd2//wDo8assoTSi2aMSjpOsTiZwJbCmmOHbjBEnoc+z4k7vffWeKiWSReFZZjP2QBIKNGCVKjwZWx/MxYCIPmWAxCbDoqX5+xURhVh+q9q0dEintaGSPkUwzOyaJYpSj6YnI1zGTXAMTQxSq8FAM/2wGVsWpOTPZq+AuoNI4gZmaA4t6w4imobaiXIf2XCfWVRaBhemlEmNCJ9o8p6GfsGCslqY9jYKEKPv57FuWT3iqssLUrdz/HVahfVFz67X642WlcTOvB2U4hTM4BxeuoQH30IQWUHiHT/iCb+PJyIwX43X+tGQsbo5hScbbDxmBhYM=</latexit>

M = mass of heavy particle
<latexit sha1_base64="0jpzvzcmaY8IV3TY+p+wKgBQB08=">AAAB03icZZC7TsMwFIZPyq2EW7hsLBHtwFBVcYGyMFRiYSwSaYuaKnIcE6w6ThQ7SFWUBbHyTDwHD8AKr4B7kVDpPxx9OsfnP78cpJxJ5TifRmVtfWNzq7pt7uzu7R9Yh0c9meQZoS5JeJINAiwpZ4K6iilOB2lGcRxw2g/Gt9N5/4VmkiXiQU1SOopxJNgTI1jplm89egGNmChiJliKI1oO1ai4YqI068RHDZv4rWm5aNgeDxMlbU+y2EZ10xNJoA+NCw1MhFSo0qMi/DPyrZrTdGayVwEtoNY5gZm6vkW8MCF5rK0Ix1IOkZPqMDhTjHBaml4uaYrJWJsXJA4yFj2rpe5Qo8AxlaNi9jHLKzxXk9LUqdD/DKvQazVRu9m+v6x1bubxoAqncAbngOAaOnAHXXCBwAd8wTf8GK5RGK/G2/xpxVjsHMOSjPdfh1iEyw==</latexit>

c1, c2, c3, . . . � 1

<latexit sha1_base64="gMd1LCJhHO9lB5xvdPdFllEl7OQ=">AAAB93icZZDNTsJAFIVn8A/qX4WlmyobExPSGsWFLEiMxiUmFEgoIdPhAhPaaTMzJcGmz+LOuHXnY7h17Rv4BI5AYpCz+nLn3DNnxo8DJpVtf+LcxubW9k6+YOzu7R8cmkfFlowSQcGlURCJjk8kBIyDq5gKoBMLIKEfQNuf3P6et6cgJIt4U81i6IVkxNmQUaL0qG9mng8jxtOQcRaTEWRd1UsvK1eMZ4YrwRqApMAHhCtpqciKiSAhKBDsCawxG41BaItgUx03BQuGQ6Daybh1d980PB75uswk1cD4ALjKPB32d1nfLNsVey5rHZwllOsn5zfvte+PRt+k3iCiSaijaECk7Dp2rAsToRgNIDO8REJM6ESHpzT0hW6oVqZdjVw/QfbS+eetrgSJmmWGbuX877AOrYuKU61UH51yvYYWyqNjdIrOkIOuUR09oAZyEUVfuICLuIRn+Bm/4NeFNYeXOyW0Ivz2AyxXlgM=</latexit>

Use descendants to parameterize higher derivative e↵ects in EFT

<latexit sha1_base64="LKKyTQTnTHp8LLEtWyxRtBVWe+Q=">AAABuXicdU/LSsNAFL2prxpfUZdugt0IQpkEiS0KFkRwI1SwD2hqmUyn6djJg5mJUEI+xaVf41YR/8bpw0UXntV53Ms9N0g5kwqhH6O0tr6xuVXeNnd29/YPrMOjtkwyQWiLJDwR3QBLyllMW4opTrupoDgKOO0Ek9tZ3nmlQrIkflLTlPYjHMZsxAhW2hpYN34WD6kIBCY099MxjlUS5f5I61wW+cOzW9jn9lJroZ2LwtQOGSZKFsXAqqAq0vA8e0acGnI0qddrrlu3nXmEUKVx1/h+M8OgObCIP0xIFtFYEY6l7DkoVf0cC8UIp4XpZ5KmmExwSHMSBYKFY7Xi9jSNcURlP5+/v7rCMzUtTN3q77T9P2m7Vcereo+63jUsUIYTOIUzcOASGnAPTWgBgXf4gE/4Mq4MbIyNl8VoyVjuHMMKDPkLAv5+YA==</latexit> | {z }
<latexit sha1_base64="dYG7kyfmZfWDjXw45eXflutX3z8=">AAABjHicdY9PT8JAEMVn8R+iYsWjFyIXT2RLSC0xJiQmxiMm8icBQrbLiBu226Y7NZCGr+JVv5LfxgJ64OA7/TJvXuZNEGtlifNvVtjbPzg8Kh6XTk7PyufORaVnozSR2JWRjpJBICxqZbBLijQO4gRFGGjsB/OHtd9/x8SqyLzQMsZxKGZGvSopKB9NnMqIcEHZFK1EMxWG7Gri1Hid5/K86hpcn7s5tFp+o9GquhuL81q7CBt1Jo4cTSOZhmhIamHt0OUxjTORkJIaV6VRajEWci5mmMkwSNTsjXamwxyNCNGOs81HuxGd0nJVylv9na7+D71G3fXq3nOz1va39aAIV3ANN+DCLbThCTrQBQkL+IBP+GJl1mR37H67WmC/mUvYEXv8AZtuaYo=</latexit>

descendants

<latexit sha1_base64="glg01hJZhPdbm/qk7Kj51eYq2Us=">AAABonicZY/LTsJAFIZP8YZ4q7p004iLuiEtC9xoQnShMZpAkEvCYDMdjzhhesnM1EiavoJP41bfw7exFDbIvzj585/zJ9/xY8GVdpxfo7S2vrG5Vd6u7Ozu7R+Yh0c9FSWSYZdFIpIDnyoUPMSu5lrgIJZIA19g35/czPb9d5SKR+GTnsY4Cug45K+cUZ1HnmkTxWT6kHlE44dOrzuPmXVl3Vo28akkseLWbJw/1z2z6tScQtaqcRem2rShUMszGXmJWBJgqJmgSg1dJ9ajlErNmcCsQhKFMWUTOsaUBb7k4ze9lA5zG9IA1Sgt/lyuiERPs0pO5f5nWDW9es1t1BrtHO9yjgdlOIFTsMGFC2jCHbSgCww+4Qu+4cc4M+6NttGZn5aMRecYlmSQP24scKw=</latexit>

LBSM = G(ψ̄ψ)2

<latexit sha1_base64="YTApnTrNdGkrqjVmqlQZ3f6mGx8=">AAABoXicdU/LSsNAFL2prxpfUZduil3oxjLJIrbgoiCCLoQq9gFNLZPpNB06eTAzEcqQT/AT/Aq3+h3i3zhtddGFZ3E5nHMP99ww40wqhL6t0tr6xuZWedve2d3bP3AOjzoyzQWhbZLyVPRCLClnCW0rpjjtZYLiOOS0G06v5373hQrJ0uRJzTI6iHGUsDEjWBlp6JwFeTKiIhSYUB1kE5yoNNYXwdgIOnr2Cn1vRlEMnSqqIQPfr8yJW0euIY1G3fMaFXdhIVRt3jS/3uwobA0dEoxSksc0UYRjKfsuytRAY6EY4bSwg1zSDJMpjqgmcShYNFErat/QBMdUDvTizdUIz9WssE2rv9OV/0nHq7l+zX8w9a5giTKcwCmcgwuX0IRbaEEbCLzCO3zAp1W17qyW9bhcLVm/mWNYgdX/AbZodR4=</latexit> | {z }
<latexit sha1_base64="kEoO1UAKQnFFhv8Exzhp4K/mFrc=">AAABfXicdY9LS8NAFIVv6qvWR+Nj5yZYBBcSJlmkyUIouNBlBdMW2lIm4zUOnTyYmQgl9De41Z/mr9G01UUWntXHPfdwz41ywZUm5MtobG3v7O4191sHh0fHbfPkdKCyQjIMWSYyOYqoQsFTDDXXAke5RJpEAofR/G7lD99QKp6lT3qR4zShccpfOKO6GoXl8ta6n5kdYpNKnmetwPGJU0EQ+K4bWM7aIqTTO4e1+jOTTZ4zViSYaiaoUmOH5HpaUqk5E7hsTQqFOWVzGmPJkkjy+FXXpuMKU5qgmpbrF+oRUejFslW1+jtt/Q8D13Y823us6vmbetCEC7iEa3CgCz14gD6EwIDDO3zAJ3wbV8aNYW9WG8Zv5gxqMro/weVj1Q==</latexit>

= G

<latexit sha1_base64="C33+jZ+BJBZ8OxqLzWZf31Kgv7s=">AAAB9XicZZDLSsNAFIZn6qU13lJdugl2oSCUpGjduCiI4rJC0xaaUieTYxw6mQmZqaWEPIo7cevzuPRNnNaC1P6rj//cfk6Ycqa0637h0sbm1na5smPt7u0fHNrVo66Sk4yCTyWXWT8kCjgT4GumOfTTDEgScuiF49t5vfcKmWJSdPQshWFCYsGeGSXaWCM7D0KImcgTJlhKYigGephf1q+YKCy/61CZpBw0OImMgCtnyjh3YhCQEWPe3Xcsmc5ZZsq5cJ4iUBRERIRWZ1YgZGiijHMDTEQgdBGY4t+pkV1z6+5Czjp4S6i1Kmih9simQSTpJDGrKCdKDTw3NXFJphnlUFjBREFK6Ngsz2kSZix+0SvuwKAgCahhvnjd6gif6FlhmVTe/wzr0G3UvWa9+diotW5+46EKOkGn6Bx56Bq10ANqIx9R9I3L2MZVPMVv+B1//LaW8HLmGK0If/4A0FyRRw==</latexit>

UV complete models will generate EFT operators + ‘descendants’

<latexit sha1_base64="ID5xiWl8ZYCnCoAe5kGb3+X/nTU=">AAABeXicZY7LSsNAFIbP1FuNt3jZuVGzKS5CopJuA27cCC2YttCGMhmPcejkwsxEKKFP0K0+nM/ixph2E/uvPv5zfviiXHClHeebtLa2d3b32vvGweHR8Yl5ejZQWSEZBiwTmRxFVKHgKQaaa4GjXCJNIoHDaPb4dx9+oFQ8S1/0PMcwoXHK3zijuqr6z1PTcmynztUmuGuw/Auo05uabPKasSLBVDNBlRq7Tq7DkkrNmcCFMSkU5pTNaIwlSyLJ43fdaMcVpjRBFZa1fnMiCj1fGJWV+99hEwZ3tuvZXv/B8r2VHrThEm6gAy50wYcn6EEADBCW8Alf8EOuSYfcrl5bZL05h0bI/S+FQ2Ij</latexit>

M

<latexit sha1_base64="IckZnsZKel3Mv6ELYB1euNx0B9c=">AAAB5HicZVC7SgNBFL0bX3F9rVraLKaJiGE3SCw0ENDCRohgHpBNwuxkshkz+2BmVgjD9hZ2Ymvjd/gPtv6Ira7ZFMac4nI495zL4boRo0Ja1qeWW1peWV3Lr+sbm1vbO8buXlOEMcekgUMW8raLBGE0IA1JJSPtiBPku4y03PHl7771QLigYXAnJxHp+sgL6JBiJFOpb9yrpKqfOEOOsPJ65UTdpMMsOi7iKk7M+KhXNh2Xeh7r6LZ5bGZOZ4SkKWbmv6ISSXbkNNFTHQ9CKbI87/aNglWypjAXiT0jhVr1/fH87apa7xvYGYQ49kkgMUNCdGwrkl2FuKSYkUR3YkEihMfIIwr7LqfeSM6pnZQGyCeiq6afmo+wWE4SPW1l/++wSJrlkl0pVW7TeheQIQ8HcAhFsOEManANdWgAhg/4gm8NtKH2pD1rL5k1p80y+zAH7fUHHFKLmQ==</latexit>

= �
g2

M2
(ūu)2


1 +

ŝ

M2
+
ŝ2

M4
+ · · ·

�

<latexit sha1_base64="ID5xiWl8ZYCnCoAe5kGb3+X/nTU=">AAABeXicZY7LSsNAFIbP1FuNt3jZuVGzKS5CopJuA27cCC2YttCGMhmPcejkwsxEKKFP0K0+nM/ixph2E/uvPv5zfviiXHClHeebtLa2d3b32vvGweHR8Yl5ejZQWSEZBiwTmRxFVKHgKQaaa4GjXCJNIoHDaPb4dx9+oFQ8S1/0PMcwoXHK3zijuqr6z1PTcmynztUmuGuw/Auo05uabPKasSLBVDNBlRq7Tq7DkkrNmcCFMSkU5pTNaIwlSyLJ43fdaMcVpjRBFZa1fnMiCj1fGJWV+99hEwZ3tuvZXv/B8r2VHrThEm6gAy50wYcn6EEADBCW8Alf8EOuSYfcrl5bZL05h0bI/S+FQ2Ij</latexit>

M
<latexit sha1_base64="MB37bYv7FGY95V3uY76GA5GmtnY=">AAABqHicdU/LSsNAFL3xWesr6tJNsBtxESZZxBZcFERwI1SwD2naMjOdpkMnD2YmQgn5C7f+iFv9B/FvnLa66MKzOo97ueeSTHClEfq2Nja3tnd2K3vV/YPDo2P75LSj0lxS1qapSGWPYMUET1hbcy1YL5MMx0SwLpndLvLuC5OKp8mTnmdsEOMo4RNOsTbWyHbDPBkzSSSmrAizKU50GhfhxOgiGvpl4QVhxoe+82BEWY7sGnKRQRA4C+LVkWdIo1H3/YbjLSOEas275tdbNSKtkU3DcUrzmCWaCqxU30OZHhRYak4FK6thrliG6QxHrKAxkTya6jW3b2iCY6YGxfLb9RWR63lZNa3+Tjv/k47veoEbPJp6N7BCBc7hAi7Bg2towj20oA0UXuEdPuDTurJaVtd6Xo1uWL87Z7AGi/wAd+R3gw==</latexit> | {z } <latexit sha1_base64="y8uNgMIKNPpa40cZ1C1OCC1LKao=">AAAB1HicdZDLSsNAFIZP6q3GW9Slm2A3glAmEWILLgoiuBEq2As2NUym03bo5MLMRCgxK3HrG/guvoX4Am71EUxvQhf+q5/v/Ifzc/yYM6kQ+tQKK6tr6xvFTX1re2d3z9g/aMooEYQ2SMQj0faxpJyFtKGY4rQdC4oDn9OWP7qczFuPVEgWhXdqHNNugAch6zOCVY48495Nwh4VvsCEpm48xKGKgpR4lun2c5bKLL15sDPz1CSePWdqxvQJO1vk1F/QJb1IySzzjBIqo1yOY06MVUFWbqrVim1XTWs6QqhUu6p9vOkDv+4ZxO1FJAloqAjHUnYsFKtuioVihNNMdxNJY0xGeEBTEviCDYZqiXZyG+KAym46/czyCk/UONPzVovT5v+maZctp+zc5vUuYKYiHMExnIAF51CDa6hDAwi8wxd8w4/W1J60Z+1lFi1o851DWJL2+gs7bIgw</latexit> | {z }

<latexit sha1_base64="dYG7kyfmZfWDjXw45eXflutX3z8=">AAABjHicdY9PT8JAEMVn8R+iYsWjFyIXT2RLSC0xJiQmxiMm8icBQrbLiBu226Y7NZCGr+JVv5LfxgJ64OA7/TJvXuZNEGtlifNvVtjbPzg8Kh6XTk7PyufORaVnozSR2JWRjpJBICxqZbBLijQO4gRFGGjsB/OHtd9/x8SqyLzQMsZxKGZGvSopKB9NnMqIcEHZFK1EMxWG7Gri1Hid5/K86hpcn7s5tFp+o9GquhuL81q7CBt1Jo4cTSOZhmhIamHt0OUxjTORkJIaV6VRajEWci5mmMkwSNTsjXamwxyNCNGOs81HuxGd0nJVylv9na7+D71G3fXq3nOz1va39aAIV3ANN+DCLbThCTrQBQkL+IBP+GJl1mR37H67WmC/mUvYEXv8AZtuaYo=</latexit>

descendants
<latexit sha1_base64="kEoO1UAKQnFFhv8Exzhp4K/mFrc=">AAABfXicdY9LS8NAFIVv6qvWR+Nj5yZYBBcSJlmkyUIouNBlBdMW2lIm4zUOnTyYmQgl9De41Z/mr9G01UUWntXHPfdwz41ywZUm5MtobG3v7O4191sHh0fHbfPkdKCyQjIMWSYyOYqoQsFTDDXXAke5RJpEAofR/G7lD99QKp6lT3qR4zShccpfOKO6GoXl8ta6n5kdYpNKnmetwPGJU0EQ+K4bWM7aIqTTO4e1+jOTTZ4zViSYaiaoUmOH5HpaUqk5E7hsTQqFOWVzGmPJkkjy+FXXpuMKU5qgmpbrF+oRUejFslW1+jtt/Q8D13Y823us6vmbetCEC7iEa3CgCz14gD6EwIDDO3zAJ3wbV8aNYW9WG8Zv5gxqMro/weVj1Q==</latexit>

= G

<latexit sha1_base64="M1NdWkVnCoNY9ZfaZFZueHnLWfM=">AAACE3icZZDLSsNAGIVn6q3GW9Slm2ARKkJNotSFFgq6cCNUsLbQtGUynaZDJxdmJkIZsvcFXLj2McSNuPUBfBpNL4vG/qsz5/wf/2HciFEhTfMH5paWV1bX8uvaxubW9o6+u/cowphjUschC3nTRYIwGpC6pJKRZsQJ8l1GGu7wepw3nggXNAwe5CgibR95Ae1TjGRqdfVXlVQ0p88RVl7HTpRVdiLasY279GEUHRdxFSdGfJxajks9j7U0yzgxcNcyppQzQFKJJFETYpzY84mcJdo4OcsycwvnY9TBvVAKbXKHt7t6wSyZkzEWhTUThWrl4/ny7aZS6+rY6YU49kkgMUNCtCwzkm2FuKSYkURzYkEihIfIIwr7LqfeQGbcVioD5BPRVpOPzSIslqNES1tZ/zssike7ZJVL5fu03hWYTh4cgENQBBa4AFVwC2qgDjD4hUewBE/hC3yHn/BrupqDM2YfZAZ+/wHlhZw4</latexit>

=
g2
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�



Form Factors

<latexit sha1_base64="M6pDQjMPB6CasIC/9cV38pocmio=">AAABg3icZY/NSsNAFIXvVKs1/kVdugl2UxBCUqR1UygI4rKC/YEklMl4jUMnP8xMhBLyDK7c6rv4Fj6Iro1tN7Vn9XHuPXBOmAmutON8kdrWdn1nt7Fn7B8cHh2bJ6cjleaS4ZClIpWTkCoUPMGh5lrgJJNI41DgOJzd/N3HLygVT5MHPc8wiGmU8CfOqK4sz1dMFrel1bPcqdl0bGchaxPcFTT7je/PV7/1M5iazH9MWR5jopmgSnmuk+mgoFJzJrA0/FxhRtmMRliwOJQ8etZrrldhQmNUQbEYsh4RuZ6XRtXK/d9hE0Zt2+3Ynfuq3jUs1YBzuIAWuNCFPtzBAIbAIIU3eIcPUieXpE2ulq81ssqcwZpI7xfFfWh9</latexit>

F = 1

<latexit sha1_base64="CJcG26CTI6nz/6FD3nyiLDVG6Io=">AAABmHicZY9LS8NAFIXvVKu1vqLuKkixG1clcVHFVVDwsShUax/QlDAZr3Ho5MHMRCwhO3+Bf8GdW/0zLv0nxrab2rP6OPceOMeLBVfaNL9JYWm5uLJaWiuvb2xubRs7u10VJZJhh0Uikn2PKhQ8xI7mWmA/lkgDT2DPG1383XvPKBWPwns9jnEYUD/kj5xRnVuuceAoJtNm5joaX3R63m5mjk/j6sS+zFyjZtbNiaqLYM2gZld+zt7ei+2WazDnIWJJgKFmgio1sMxYD1MqNWcCs7KTKIwpG1EfUxZ4kvtPes4d5BjSANUwnaybj4hEj7Ny3sr632ERusd1q1Fv3Ob1TmGqEuzDIRyBBSdgwzW0oAMMXuEDPuGLVIhNrsjN9LVAZpk9mBO5+wWMvnCv</latexit>

MBSMF

<latexit sha1_base64="7a+MqKC5yn0D9YCG55f7ZzOQae0=">AAABinicZY/NTsJAFIXvICoiatWlG4WNq9qyQI0xIdGFGxNM5MfQppmOV5gwndaZKQlp+iZu9Tl8Dd/GCmyQs/py7j3JOWEiuDaO80NKG+XNre3KTnW3trd/YB0e9XScKoZdFotYDUKqUXCJXcONwEGikEahwH44ufu796eoNI/ls5kl6Ed0JPkbZ9QUVmBZnn5XJvPG1GQ6zy8eA6vh2M5cp+vgLqHRrt/K8vfLWSewmPcaszRCaZigWg9dJzF+RpXhTGBe9VKNCWUTOsKMRaHio7FZcYcFShqh9rP5ntWISM0srxat3P8d1qHXtN2W3Xoq6l3BQhU4gTqcgwuX0IYH6EAXGEzhAz7hi9RIk1yTm8VriSwzx7Aicv8LvmZqMQ==</latexit>p
ŝ/M

<latexit sha1_base64="vUu/nVyXbksKp0pWKFVRP/e2qAc=">AAAB4nicjZDLSsNAFIZPvNZ4i5edm2BdtFBK4qJuXBQF7aZQ0V6gKWEyHdOhkwuZibSGeQF34tZn8FHcu/Qd3CqmaTe1G//F4eM//4Gf44SMcmEYH8rS8srq2npuQ93c2t7Z1fb2WzyII0yaOGBB1HEQJ4z6pCmoYKQTRgR5DiNtZ3g52bcfSMRp4N+JcUh6HnJ9ek8xEqllawOL4yipS9sSZCSSi9u6LFgDJBIuS3oGQlouCouqJQL9v2F9MtUsfSULo5I+Ltpa3igbmfRFMGeQr55cvx0+ftYatoatfoBjj/gCM8R51zRC0UtQJChmRKpWzEmI8BC5JMGeE1F3IObcboo+8gjvJdmf5k9YLMZSTVuZfzssQuu0bFbKlZu03jlMlYMjOIYCmHAGVahBA5qA4R2+4Bt+lL7ypDwrL9PokjK7OYA5Ka+/ijKOXQ==</latexit>

MBSM(ŝ , t̂ )!MBSM(ŝ , t̂ )F(x, y)
<latexit sha1_base64="/MEwN1Llpt6z8UKaS2ExyqP0H5Y=">AAABkXicZY/LSsNAGIX/qbdab9EuXLgpFsRVSbpoERSKbgQRKtgLNDVMxr/t0MmFmYlYwjyNW30EH8R38BUEY9tN7Fl9nP8/cI4fC660bX+Rwtr6xuZWcbu0s7u3f2AdHnVVlEiGHRaJSPZ9qlDwEDuaa4H9WCINfIE9f3rzd++9oFQ8Ch/1LMZhQMchH3FGdWZ51vFr5arijiRlqTuhOlXGpPdPdeNZVbtmz1VZBWcJ1Vaj//lzZn+3PYu5zxFLAgw1E1SpgWPHephSqTkTaEpuojCmbErHmLLAl3w80Tl3kGFIA1TDdD4rHxGJnplS1sr532EVuvWa06g1HrJ6l7BQEU7gFM7BgSa04Bba0AEGBt7gHT5ImVyQFrlevBbIMlOGnMjdL5DCbho=</latexit>

x =
ŝ

M2

<latexit sha1_base64="yntzq6uui07Px7aZPoGhUpBqQ3s=">AAABkXicZY/LSsNAGIX/qbdab9EuXLgJFsRVSbqoCApBN4IIFewFmhom49906OTCzEQoIU/jVh/BB/EdfAXB2HYTe1Yf5/8PnOMngittWV+ksra+sblV3a7t7O7tHxiHRz0Vp5Jhl8UilgOfKhQ8wq7mWuAgkUhDX2Dfn97+3fuvKBWPoyc9S3AU0iDiY86oLizPOJ6Z16Y7lpRl7oTqTOd59vDcyj2jYTWtucxVsJfQcNqDz58z67vjGcx9iVkaYqSZoEoNbSvRo4xKzZnAvOamChPKpjTAjIW+5MFEl9xhgRENUY2y+axyRKR6lteKVvb/DqvQazXtdrP9WNS7goWqcAKncA42XIADd9CBLjDI4Q3e4YPUySVxyM3itUKWmTqURO5/AZMJbhw=</latexit>

y =
t̂

M2

<latexit sha1_base64="gUJdZw0oP6bMRVbIelWPJCg8yUE=">AAABkXicZY/LSsNAGIX/qbdab9EuXLgpFsRVSbpoERSKbgQRKtgLNDVMxr/t0MmFmYlQhzyNW30EH8R38BUEY9tN7Fl9nP8/cI4fC660bX+Rwtr6xuZWcbu0s7u3f2AdHnVVlEiGHRaJSPZ9qlDwEDuaa4H9WCINfIE9f3rzd++9oFQ8Ch/1LMZhQMchH3FGdWZ51vFr5arijiRlxp1QbZI0NfdP9dSzqnbNnquyCs4Sqq1G//PnzP5uexZznyOWBBhqJqhSA8eO9dBQqTkTmJbcRGFM2ZSO0bDAl3w80Tl3kGFIA1RDM5+Vj4hEz9JS1sr532EVuvWa06g1HrJ6l7BQEU7gFM7BgSa04Bba0AEGKbzBO3yQMrkgLXK9eC2QZaYMOZG7X5VQbh4=</latexit>

z =
û

M2

<latexit sha1_base64="3SjGK5AWqX/SfN/1+ZajYRwSEMg=">AAABrXicZY/LTsJAFIZP8Yb1Vi87NxNxgdFgCwluNCExUZaYWCCh2EyHsU6YXtKZmtaGB/ElfAW3+ggufRNLYYP8m//Lf85J/uOEnAmp6z9KaWV1bX2jvKlube/s7mn7B10RxBGhJgl4EPUdLChnPjUlk5z2w4hiz+G054xvp/PeK40EC/xHmYZ06GHXZ8+MYJlHttawBImyu0k1uUDpmXqDDHSOiG2gpPA6SgtvoGQKFhkFUthaRa/phdAyGHOotE7vP47eftsdWyPWKCCxR31JOBZiYOihHGY4koxwOlGtWNAQkzF2aUY8J2Lui1xIBzn62KNimBUvL57wWKYTNW9l/O+wDN16zWjWmg95vWuYqQzHcAJVMOAKWtCGDphA4B0+4Qu+lUvFVCzlabZaUuY3h7Agxf0D+kB0BQ==</latexit>

F(x, y) = 1 + c1x + c2y + c3xy + · · ·

<latexit sha1_base64="vtfyH6xA855soBWQy0/aUsrlKQc=">AAAB23icZZDLSsNAFIYn9VbjLerSTbRZCJaSiFbQLgpuXFawF2hCmUyOdehkEjITsYas3Ilb38U3cOvWh3DjQreObUFq/9XHufzn5/gxo0La9rtWmJtfWFwqLusrq2vrG8bmVktEaUKgSSIWJR0fC2CUQ1NSyaATJ4BDn0HbH5z/9tu3kAga8Ss5jMELcZ/Ta0qwVKWegV0f+pRnIeU0xn3Iu9LLjirHlOe65fopYyAt07orD8v3psuY6VinegCCAA8wl0J3eeSrg4NMAeUBcJm7qvdn2DNKdsUeyZwFZwKl+u7B2Uvt863RM4gbRCQNlRVhWIiuY8cqFE4kJQxy3U0FxJgMlHlGQj+h/Rs5Ve0q5DgE4WWjB02vsFQOc12lcv5nmIXWYcWpVqqXTqleQ2MV0Q7aQ/vIQSeoji5QAzURQa/oA32hb83THrRH7Wk8WtAmO9toStrzD4lui88=</latexit>

• x, y , z ⌧ 1: descendants

<latexit sha1_base64="uWMqKqxGp6LE1GEpVptc88hFiEg="></latexit>

• x, y , z � 1: MBSMF ! constant (scale invariant)

<latexit sha1_base64="iwBQBHw1Qkt9ui6MGX8X3X/HeLU=">AAAB6HicZZBLSwMxFIUTW7WOr/rYuQm2C1dlpvjYiBREcSNUaKvQKSWTuW1jk8wwyQgyzH9wJ279TW78K65MHyC1Z/Vxc8/J4Qax4Nq47jdeKRRX19ZLG87m1vbObnlvv6OjNGHQZpGIkqeAahBcQdtwI+ApToDKQMBjML6evD++QKJ5pFrmNYaepEPFB5xRY0f9svIDGHKVSa54TIeQd00vO62dcZU7N7ctIqMQBJGpNkTSMRAbHnI28WoyiBJS9UfUZDonV+S+6vgqCuzv48wCVyEok/ugwr/0frni1typyDJ4c6g0DtFUzX6Z+WHEUmmjmKBadz03tg1pYjgTkDt+qiGmbGzDMyaDhA9HZmHataioBN3LptdatIjUvOaObeX977AMnXrNO6+dP9QrjctZPVRCR+gYnSAPXaAGukNN1EYMfaEfXMBF/Izf8Dv+mK2u4LnnAC0If/4CEhaMeA==</latexit>

EFT model must make predictions for ŝ > M

<latexit sha1_base64="MifR/c/kuLpHtujp/qJ2rRenGms=">AAAB4XicZZDLSsNAFIYn9VbjLerSTbRZCJaSiFbQLgpuXFawF2hKmZke06GTSchMijXkAdyJW1/ElxDc+hq6VTC2Ban9Vx/n8p+fQ0LOpLLtdy23sLi0vJJf1dfWNza3jO2dhgziiEKdBjyIWgRL4ExAXTHFoRVGgH3CoUkGl7/95hAiyQJxo0YhdHzsCXbLKFZZqWt4LgGPicRngoXYg7StOslJ6ZSJVLdcEnMOyjKtu+KoeG+6kvmmY53rHgiIMDcJ9PGQBZHuioBkZwdJBkz0QKjUBdH7s+0aBbtkj2XOgzOFQnX/6OKl8vFW6xrU7QU09jMryrGUbccOs2g4UoxySHU3lhBiOsjME+qTiHl9NVNtZyiwD7KTjN80u8JjNUr1LJXzP8M8NI5LTrlUvnYK1QqaKI/20AE6RA46Q1V0hWqojih6RZ/oC31rVHvQHrWnyWhOm+7sohlpzz+flY4+</latexit>

• x, y , z ⇠ 1: general behavior

<latexit sha1_base64="L2OwAveqJgg6uJ+RFZD8u0AX+Yg=">AAAB43icZZDLSsNAFIYn9VbjLerSTbQbQSiJaAXtouDGlVSwF2hKmZkc49BkEmYmlRLyBO7Ere/hW+jW1xDcqtMLSO2/+jhz/n9+DklCJpXjfBiFhcWl5ZXiqrm2vrG5ZW3vNGWcCgoNGoexaBMsIWQcGoqpENqJAByREFqkfzl6bw1ASBbzWzVMoBvhgLM7RrHSo57FPAIB41nEOEtwAHlHdbOT8injuXkdKzi3YQBcSZtibhOwA+AgsALfJkNbwAOw4F4xHpgej4n+uJ9pYNzXntwD7v8F96ySU3bGsufBnUKptn908Vr9fK/3LOr5MU0jHUVDLGXHdRJdDgvFaAi56aUSEkz7OjyjERGjJjPTjkaOI5DdbHyoWUuYqmFu6lbu/w7z0Dwuu5Vy5cYt1apooiLaQwfoELnoDNXQFaqjBqLoDX2hb/RjgPFoPBnPk9WCMfXsohkZL78DaZCY</latexit>

Note: events can be generated by reweighting



Form Factors
<latexit sha1_base64="9cJTl4aWEnyrqz3fePpbk8yzusE=">AAAB63icZZDLTsJAFIZnUAHrDXXpZpRNGwlp0eBGE6IJcYmJXBIGm+kw4ITpxc7UgE2fwp1x6zMZH8bEUtgg/+qbf85JvhwnEFwq0/yBuY3NrXyhuK3t7O7tH5QOjzrSj0LK2tQXfthziGSCe6ytuBKsF4SMuI5gXWdyN//vvrJQct97VLOADVwy9viIU6LSyi69YEnDuJno0wqaVdCbgW6QhgUbKR3hUUho3NSnRhJPE4RDPn5WxlOMTzERiYZv+bivWegcUdtC8zGkzbmW8szI8GJRL9+YDn0l7VLZrJpZ0DpYSyg3iiBLyy5RPPRp5DJPUUGk7FtmoAYxCRWngqUekWQBoRMyZjF1ncxype2n6BGXyUGcHWx1RURqlmiplfXfYR06tapVr9YfLsuN64UeKIITcAZ0YIEr0AD3oAXagIJv8AvzsABd+A4/4OdiNAeXO8dgJfDrD4GfhEk=</latexit>

F(x, y , z) =
✓
F (x)

x

◆↵ h
1 + c1F (x) + c2F (y) + c3F (x)F (y) + · · ·

<latexit sha1_base64="iFB1XvRwskB5I17s8WSlm9JOLeQ=">AAABlnicZY9LS8NAFIXv1Fetr6gbQRfFbgQhJEXqRqQoossI9gFNCJPxGodOJmFmIpaQjb/Grf4b/4217Sb2rD7OvQfOiTLBtXGcH1JbWV1b36hvNra2d3b3rP2Dvk5zxbDHUpGqYUQ1Ci6xZ7gROMwU0iQSOIjGt3/3wRsqzVP5ZCYZBgmNJX/hjJqpFVonRXne9A2+m0KhTiWVDHXZ9G94rILQajm2M1NzGdwFtLp1mMkLLeY/pyxPUBomqNYj18lMUFBlOBNYNvxcY0bZmMZYsCRSPH41FXc0RUkT1EEx21aNiNxMysa0lfu/wzL027bbsTuPF63u1bwe1OEYTuEMXLiELjyABz1g8AGf8AXf5IhckztyP3+tkUXmECoi3i+s9Wz6</latexit>

+ resonances
i

<latexit sha1_base64="P4P15QoDHnW9L8/TL4CzybdFzKA=">AAABtnicZU/LSgNBEOz1GcfXqkcvgwGJIGFHJHqIEBDEYwTzgEwMs5N2HTL7YGdWEpb8jF/jVW/+jWuSS0ydqqurmmo/0cpYz/tx1tY3Nre2Sztkd2//4NA9Om6bOEsltmSs47TrC4NaRdiyymrsJimK0NfY8Uf3f/vOO6ZGxdGznSTYD0UQqVclhS2kgVt/qIwv6B3lPgYqymVxykzJmJ7TMeVaU3ZJOCdsPgcBZYRjNFz4Bm7Zq3oz0FXCFqTcKMEMzYEr+TCWWYiRlVoY02NeYvu5SK2SGqeEZwYTIUciwFyGfqqCN7uk9goaiRBNP5/9vhzRmZ1MSdGK/e+wStpXVVar1p6uy436vB6U4BTOoAIMbqABj9CEFkj4gE/4gm/n1nlx0Anm1jVnkTmBJTjJL7N8dY8=</latexit>

F (x) =

(
x x ⌧ 1,
1 x � 1

<latexit sha1_base64="noN5yA6/iOsa0q8XjJdQVvtO+xI=">AAAB83icZZC7TsMwFIZt7gRoC4wsgWZAAlVJxWWgQyUWxiLRi9RUkeMcWquOE9kOUojyJGyIlZ3HYGXiHXgCDFRChX/6dHzO8acTppwp7bpveGFxaXlldW3d2tjcqlRr2zs9lWSSQpcmPJGDkCjgTEBXM81hkEogccihH04vv977dyAVS8SNzlMYxWQs2C2jRJtSUMv9EMZMFDETLCVjKId6VJw0TpkoLccPM85BO7ZDA+/YpkHz2PZ5lGjl2CmRJAYNkt2DpSeQyNzOBAWpCRM6t3yRhEZkWhhgIgKhSx9E9PtRUKu7Dfc79n/wZlBv7x9dvLQ+XjtBjfpRQrPYrKKcKDX03NTIEqkZ5VBafqYgJXRqlhc0DiUbT/RcdWhQGGk1Kr4PNz/CM52XlrHy/jr8h16z4Z01zq69eruFfrKG9tABOkQeOkdtdIU6qIsoesfLuIKrOMMP+BE//bQu4NnMLpoLfv4Ec8CTLw==</latexit>

• c1, c2, . . . parameterize theory uncertainty

<latexit sha1_base64="kuT5fAqKk01xhr26IogYpouz27I=">AAABpHicdU/LTsJAFL3FF+Kr6tKFRKJBF2TKooIxhsSNCxYYLZBQJNNhhAkz02ZmakKa/oNf4Ge41aW/4N9YQBcsPJt7cs49uecGEWfaIPRt5VZW19Y38puFre2d3T17/6Ctw1gR6pGQh6obYE05k9QzzHDajRTFIuC0E0xuZ37nhSrNQvlophHtCzyS7JkRbDJpYF/4sRxSFShMaOJHYyxNKJJW2Q9CPtRTkY3El3F6nqYDu4QqKIPrFmfEqSEnI/V6rVqtF525hVCpcdP8On07vmoNbOIPQxILKg3hWOuegyLTT7AyjHCaFvxY0wiTCR7RhIhAsdHYLKm9jEosqO4n80+XIzw207SQtfo7XfyftKsVx62491m9a1ggD0dwAmVw4BIacAct8IDAK7zDB3xaZ1bTerC8xWrO+s0cwhKspx+j7HZg</latexit> | {z }
<latexit sha1_base64="HN3f/rArv64NKHLmi8TEMBC1HuI=">AAABhXicdY9LTgJBEIar8QHiC3XpwonExI2kZ2JGWEnixiUm8khgQnraEjr0POzuMZLJ7LyDW72Md9ADeAIP4AC6YOG/+lJ//am//FgKbSj9IIWV1bX1YmmjvLm1vbNb2dvv6ChRHNs8kpHq+UyjFCG2jTASe7FCFvgSu/7kauZ3H1FpEYW3ZhqjF7BRKO4FZyYfeQODTyY1Y4zUNBtWqrRGc7muNQO7Tu0cGo264zQse25RWm0enTx/v399toYVPriLeBJgaLhkWvdtGhsvZcoILjErDxKNMeMTNsKUB74So7FZmvZzDFmA2kvnryxHZGKmWTlv9Xfa+h86Ts12a+5NXq8OC5XgEI7hFGy4gCZcQwvawOEBXuAV3kiRnJFz4i5WC+Q3cwBLIpc/FNxrbA==</latexit>

theory
<latexit sha1_base64="+5ri904TrlivUxtSpX3n395PnRY=">AAABhHicdY9NTgJBEIWrURHxD3XpQiIxcWFIzxBH2BgSNy4xkZ+EIaSnLbFDz0ynu8dIJuw8g1s9jXfQA3gCD+AAumDhW32pVy/1KlBSGEvpB8mtrK7l1wsbxc2t7Z3d0t5+x8SJ5tjmsYx1L2AGpYiwbYWV2FMaWRhI7Abjq5nffURtRBzd2onCQchGkbgXnNls5PsWn2yqtIj1dFiq0CrN5HnlGTh16mTQaNRdt1F25hallebRyfP3+9dna1ji/l3MkxAjyyUzpu9QZQcp01ZwidOinxhUjI/ZCFMeBlqMHuzStJ9hxEI0g3T+yXJEJnYyLWat/k6X/4eOW3W8qneT1avDQgU4hGM4BQcuoAnX0II2cFDwAq/wRvLkjNTI+WI1R34zB7AkcvkDcxBq8w==</latexit>

prior

<latexit sha1_base64="Sbwe2d0J1cVqY8KKoNhdYuLUZ20="></latexit>

• Treat c1, c2, . . . as nuisance parameters in likelihood analysis

<latexit sha1_base64="5zP1Nl47gByIy4aFmu6/ah6RfTE=">AAABpXicZU+7TsNAENwLrxBeBkoaQwqQIkU2RSgIUiQaGqQg5SXFkXW+LOGU89m6OyMiKx/B10AJf0DLb/AFHEmakGl2NLuzOxulgmvjed+ksLa+sblV3C7t7O7tHziHRx2dZIphmyUiUb2IahRcYttwI7CXKqRxJLAbjW//+t1nVJonsmUmKQ5iOpL8kTNqrBQ6lSBKxFBPYlsCmbk3bmDwxeQy45pKhm5KFY3R2BXT0Cl7VW8Gd5X4C1JunFau3+s/X83QYcEwYVmM0jBBte77XmoGOVWGM4HTUpBpTCkb0xHmLI4UHz2ZJbVvqbTn9SCfvbpsEZmZTEs2lf8/wyrpXFb9WrX2YOPVYY4inMAZXIAPV9CAO2hCGxi8wht8wCc5J/ekRTrz0QJZeI5hCST8BTPEduk=</latexit>

⌫ = nuisance parameters

<latexit sha1_base64="tSvT+LZ8b7GBtzjlWAykAHRDFz8=">AAABlnicZY/LSsNQEIbn1Ftbb1E3gqLBblyVxEXdqBREdNmCvUBTwsnpWA89uZAzkZaQjeC7uNWVr+Iz+BLGtpvafzMf/8wP/3iRkpos65sVVlbX1jeKpfLm1vbOrrG339ZhEgtsiVCFcdfjGpUMsEWSFHajGLnvKex4o9u/fecFYy3D4JEmEfZ9PgzkkxSccss1jh0vVAM98fORjjPz2nQIx5QOOPHMNSpW1ZrKXAZ7DpV66eSr+fN22nAN4QxCkfgYkFBc655tRdRPeUxSKMzKTqIx4mLEh5gK34vl8JkW3F6OAfdR99Ppb4sRldAkK+et7P8dlqF9UbVr1Vozr3cFMxXhCM7gHGy4hDo8QANaIOAV3uEDPtkhu2F37H52WmDzzAEsiDV+AXTTb/Y=</latexit>

x = data
<latexit sha1_base64="toHNit9eiceyJhxGDmGE62HlK+o=">AAABkXicZY9LS8NAFIXv1Fetj0YruHATrIsKUhIXFUGh6KIFESqYttCEMJle06GTB5mJUEt/jVv1/7j0nxjbbmLP5n6cew+c68WCS2UY36Swtr6xuVXcLu3s7u2XtYPDrozShKHFIhElfY9KFDxES3ElsB8nSANPYM8b3//te6+YSB6Fz2oSoxNQP+QvnFGVWa52bHuRGMpJkA1bjfRbvda60B/PXa1q1I259FUwl1BtnrW+jt5+2h1XY/YwYmmAoWKCSjkwjVg5U5oozgTOSnYqMaZsTH2cssBLuD9SOXeQYUgDlM50/lY+IlI1mZWyVub/DqvQvaybjXrjKat3AwsV4QROoQYmXEET2tABCxjM4B0+4JNUyDVpkrvFaYEsMxXIiTz8AozGbBs=</latexit>

✓ = (G,M)
<latexit sha1_base64="uhonBVpfpxAN+sIErDRk2UTlhvY=">AAAB3HicZVC5TsNAEB2HK5jLHB2NRSgSCUU2RWhAioSAFBRBipNIcbDWm8VZZX3Iu0YJxh0douUz+A5+gZIfoIUS5yhyvGLmzZsZzdPYAaNcaNqXlFlaXlldy67LG5tb2zvK7l6d+1GIiYF95odNG3HCqEcMQQUjzSAkyLUZadi9y2G/8UhCTn2vJgYBabvI8egDxUikkqXYt5YpSF/EV9e1RL1Qq3nT9lmHD9w0xaYXJYU5rZ+ocpyYDgqehyFO5KmuKbon6nTtRQVLyWlFbQR1kegTkisf33wcPH1XqpaCzY6PI5d4AjPEeUvXAtGOUSgoZiS9F3ESINxDDomxa4fU6YoZtZVSD7mEt+PRh2ZXWCQGiZy60uc9LJL6aVEvFUt3qb1zGCMLh3AEedDhDMpQgSoYgOETfuAX/qR76UV6ld7GoxlpsrMPM5De/wHiNIyQ</latexit>

LEFT = P (⌫)P (x |✓, ⌫)



Results
<latexit sha1_base64="7c8CoHPsHwjcUagrGmBVhHn3ilY=">AAAB2XicZZA9S8NQFIZP6leNX1FHl2CXilASkbooFFR06NAWawu9bbi5PcbQmw9yb8QSMriJq7/JH+FvcNXdNO1g7Ts9nOcceDl2yF0hDeNTKSwtr6yuFdfVjc2t7R1td+9eBHHEsM0CHkRdmwrkro9t6UqO3TBC6tkcO/bocuI7TxgJN/Dv5DjEvkcd331wGZXZyNIsIliU1FP9Qp+RRSQ+y6R5fZWqx/qNXo6t+oAMqeNgpBOHDogX6zERsZ0tH6lltFp/tTXRmOtWpi2tZFSMPPoimDMo1YqQp2FpjAwDFnvoS8apED3TCGU/oZF0GcdUJbHAkLIRdTBhnh25zqOcm/Yy9KmHop/k75k/4bEcp5NW5v8Oi3B/UjGrlWrztFQ7n9aDIhzAIZTBhDOowS00oA0MPuALvuFH6SkvyqvyNl0tKLObfZiL8v4LIcSF8g==</latexit>

L = LQED + G(u†L�
µuL)(e

†
R�µeR)

<latexit sha1_base64="6ZuXfxwpKH49O1Xmnfrk6yPwy4w=">AAABwXicZZBLS8NAFIVv6qvGV9Slm2I3rkIiWkFcFLrQZYW+oCllMrnGoZOZITMRSshP8te4EvS/OLYFqT2rjzv3nDncWHGmTRB8OrWt7Z3dvfq+e3B4dHzinZ4NtCxyin0qucxHMdHImcC+YYbjSOVIspjjMJ51ft+Hb5hrJkXPzBVOMpIK9sIoMXY09R6jGFMmyowJpkiK1dhMylv/lonK7cl5I5MJ8ns3EjK2sbPSAhMJClNFKJI/29RrBn6wUGMTwhU023VYqDv1aJRIWmQ2inKi9TgMlP2a5IZRjpUbFRoVoTMbXtIszln6atamY4uCZKgn5eIM6xZemHnl2lbh/w6bMLj2w5bfer5pth+W9aAOF3AJVxDCHbThCbrQBwrv8AFf8O10HOYoJ1+u1pyV5xzW5JQ/Nn9/dQ==</latexit>

Toy model:

<latexit sha1_base64="z3XTFUpvWInbaHI3BJUc+4V4uHM=">AAAB5XicZZC7TsMwFIbtcivhFmBkiWgHpiip1LIwVGJhQkWiF6mpKts5pFYcJ4odUBXlEdgQK8/EyJOwYtpKqPSfPh37/P5kmgmutOd94drW9s7uXn3fOjg8Oj6xT88GKi1yBn2WijQfUaJAcAl9zbWAUZYDSaiAIY1vf8+Hz5ArnspHPc9gkpBI8ifOiDajqR0HFCIuy4RLnpEIqrGelG23zWVlNQNaCAG6ad0XXBHJwMlIThLQptB5ARKDdPQMHJoWMrQCmVLzdFwa4DIEqasAZPhXPbUbnust4myCv4JGt44W6U1tFoQpKxJTxQRRaux7mdEjueZMQGUFhYKMsNiUlyyhOY9mem06NiiNsJqUi69aXxGFnleWsfL/O2zCoOX6Hbfz0Gp0b5Z6qI4u0CW6Qj66Rl10h3qojxj6RN8YYYwj/Irf8Pvyag2vds7RWvDHDx9fjCo=</latexit>

• Nuisance parameters weaken the bound
<latexit sha1_base64="K9l7NSO+5r1GlPdR34eTkzuTr/Q=">AAAB9HicZZDLTsJAFIZnUBHrhXrZuWmEBW6alihuXJAYlY0JJtwSimQ6HdoJ7bTpTEmg6Zu4M255H3f6Jg6XxCD/6su5/OfPsSOfcmEYXzC3s7uX3y8cKIdHxydF9fSsw8MkxqSNQz+MezbixKeMtAUVPulFMUGB7ZOuPX5Y9LsTEnMaspaYRmQQIJfREcVIyNJQnVk2cSlLA8pohFyS9cUgvdFvKcuUyuNTS5NuDsWLYW0UxlrZ8pBIeaZZLqeB9vJWLSse4ppHXU9LGCaxQJSJ6bVisdCWScapBMocwkRmEeb8XRqqJUM3ltK2wVxDqV5+nl/MfhrNoYotJ8RJIK2wjzjvm0Yk06JYUOyTTLESTiKEx9I8xYEdy0hio9qXyFBA+CBdfm5zxU/ENFNkKvN/hm3oVHWzptdezVL9HqxUAJfgClSACe5AHTRAE7QBBt8wD4tQhRP4Dj/g52o0B9c752BDcP4LmEeS7A==</latexit>

(EFT prediction for ŝ >⇠ M
2 has high uncertainty)

<latexit sha1_base64="mKXmGVuDF5TZEpt4yJl8bj37n6g=">AAAB53icZZDLSsNAFIZnWi813qIu3UTbhSCERLQu7KLQjcsK9gJNKZPpaRw6mYTMxFJCnsGduPUtfAzBla/hzp1jW5Daf/VxLv/5OX7MmVSO84kLxbX1jc3SlrG9s7u3bx4ctmWUJhRaNOJR0vWJBM4EtBRTHLpxAiT0OXT8ceO333mERLJI3KtpDP2QBIKNGCVKlwZm6PkQMJGFTLCYBJD3VD+7tK+YyI2K56ecg6pYjUhokwCkNWHqwRrBxBIpk0RQsGKSkBCUvmF4IvL18XGmgYkhCJV7IIZ/5gOz7NjOTNYquAso10/Ob95qX+/NgUm9YUTTUFtRTqTsuU6sA5JEMcohN7xUQkzoWJtnNPQTFjyopWpPo9D5ZD+bPWt5hadqmhs6lfs/wyq0L2y3alfv3HK9huYqoWN0is6Qi65RHd2iJmohij7QNy7gImb4CT/jl/loAS92jtCS8OsPzj2QfQ==</latexit>

• Converges with few nuisance parameters

<latexit sha1_base64="r6i73iXyVMoPXvtFb3zCcoevhKY=">AAABzXicZZDLTsJAFIZP8Yb1QtWlGyIs3Ni0JODGBQkbFiZilEtCkcwMQ5kwnTadqYbUsvWZfBRXbvUtHIHEIP/qy7n858/BEWdSOc6Hkdva3tndy++bB4dHxwXr5LQjwyQmtE1CHsY9jCTlTNC2YorTXhRTFGBOu3ja+O13n2ksWSge1SyigwD5go0ZQUqXhtaDh6nPRBowwSLk06yvBmnVrjKRmbfNRvGFqUnRdZz5GJef0is3K5ueCLE+MU01MDGiQmUeFaM/i6FVcmxnoeImuCso1fOwUGtoEW8UkiTQVoQjKfuuE+kYKFaMcJqZXiJphMhUm6ckwDHzJ2qt2tcoUEDlIF28ZH2FJ2qWmTqV+z/DJnQqtluza/eVUv1mGQ/ycA4XcAkuXEMdmtCCNhB4h0/4gm/jzkiMV2O+HM0Zq50zWJPx9gNIfILq</latexit>
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0.1 Plot 1

Figure 1: Plot 1

1

<latexit sha1_base64="XzYZHXqm07eMtGF+JHpCUvCsAsc=">AAABz3icZZBLS8NAFIVv6quNr6hLQYPduAqJaN0oFERwI7RoaqEpZTIZ26GTSchMrCVE3LjwHwn+Epdu7Z9w+gCpPauPO/ecOVw/ZlRI2/7SCkvLK6trxZK+vrG5tW3s7DZElCaYuDhiUdL0kSCMcuJKKhlpxglBoc/Ig9+/Gr8/PJFE0Ijfy2FM2iHqcvpIMZJq1DFczyddyrOQchqjLslbsp2dWmeU5/r1M2bp2GkOqOyZAZLIvDTvbnWPR776pJ8poDwgXOYe4cFfSMco25Y9kbkIzgzK1dLBR330dljrGNgLIpyGKgozJETLsWNVBCWSYkZy3UsFiRHuq/AMh35Cuz05N20p5Cgkop1NjjJvYakc5rpq5fzvsAiNE8upWJW6U65ewFRF2IcjOAYHzqEKN1ADFzB8wjf8wEirawPtRXudrha0mWcP5qS9/wJpHId6</latexit>

Exclusion with data = SM

<latexit sha1_base64="XHeMzNGa9m1nQ8pRxM6mnOPCOc0=">AAABiXicZY9LS8NAFIXv1Fdt1cbHzk0xm7oJSSlVXAW60I1QwaSFJoTJeK1DJw8yE7GE/BK3+qP8N8a2m9iz+jj3HjgnTAWXyjR/SGNnd2//oHnYah8dn3S00zNXJnnG0GGJSLJpSCUKHqOjuBI4TTOkUShwEi5Gf/fJO2aSJ/GzWqboR3Qe81fOqKqsQOs8dj2FH6ro9u7RvS4DTTcNc6XuNlgb0O0LWGkcaMx7SVgeYayYoFLOLDNVfkEzxZnAsuXlElPKFnSOBYvCjM/fVM2dVRjTCKVfrObUIyJXy7JVtbL+d9gGt29YQ2P4NNDt/roeNOESrqAHFtyADQ8wBgcY5PAJX/BN2sQit+Ru/dogm8w51ERGv/gNZok=</latexit>

M (GeV)

<latexit sha1_base64="NQ0+NB8BxdDes1Wtx9GyitPfDhA=">AAABenicZY7LSsNAFIbP1FuMt6hLN9JsFDEkpdRtwIUuq5i20IYyGU/j0MmFmYlQQt/Arb6b7+LCmHYT+68+/nN++KJccKVd95u0trZ3dveMffPg8Oj4xDo9G6iskAwDlolMjiKqUPAUA821wFEukSaRwGE0v/+7D99RKp6lL3qRY5jQOOUzzqiuqufbh6llu45b53ITvDXYvgF1+lOLTV4zViSYaiaoUmPPzXVYUqk5E7g0J4XCnLI5jbFkSSR5/KYb7bjClCaowrL2b05EoRdLs7Ly/jtswqDjeD2n99S1/c5KDwy4gDZcgQd34MMj9CEABjP4gE/4gh/SJtfkZvXaIuvNOTRCur/H1GJE</latexit>

�G
<latexit sha1_base64="PJr4oQB5hU2Z9svLRlFHc5m5hZo=">AAABjnicZY9LT8JAFIXv4KvWV33s3Bi7wYWkJQRXxiZuWGJCgYTWZjpeccL0kc7UiE39LW71H/lvrIUNclZfzr0nOSdMBZfKsn5IY2Nza3tH29X39g8Oj4zjk6FM8oyhyxKRZOOQShQ8RldxJXCcZkijUOAonN3/3UevmEmexAM1T9GP6DTmz5xRVVmBcda0rQ9P4ZsqBjgsrx6L63YZGKbVsmpdrIO9BNPRoFY/MJj3lLA8wlgxQaWc2Faq/IJmijOBpe7lElPKZnSKBYvCjE9f1Io7qTCmEUq/qDetRkSu5qVetbL/d1iHYbtld1vdh47ptBf1QINzuIQm2HADDvSgDy4weIdP+IJvYpAuuSV3i9cGWWZOYUWk9wsC12jD</latexit>

(10 TeV)�2



Nuisance Prior

<latexit sha1_base64="AuqCCOEX0FJ/hHkBBOxMFdkmcxA=">AAABe3icZY9LS8NAFIXv1FeNr/jYuRGzEZGQlFq3ATcuK5q20IQyGa9x6GQSZiZCCf0JbvW3+WMEY9pN7Vl9nHsPnJMUgmvjed+ktbG5tb3T3rX29g8Oj+zjk4HOS8UwZLnI1SihGgWXGBpuBI4KhTRLBA6T6f3fffiOSvNcPptZgXFGU8lfOaOmtp4iWU5sx3O9Rhfr4C/BCc6gUX9is+glZ2WG0jBBtR77XmHiiirDmcC5FZUaC8qmNMWKZYni6ZtZccc1SpqhjqtmwGpElGY2t+pW/v8O6zDouH7P7T12naCzqAdtOIdLuAIf7iCAB+hDCAxS+IBP+IIf4pBrcrN4bZFl5hRWRG5/AdQKYyU=</latexit>

�

Figure 11: 95 CL exclusion limit obtained with two di↵erent priors, using
the same F (x).

3 Fermi Theory

In this section we want to study how the exclusion bound changes when we
use either the full UV model or the EFT.
In this toy model, the null hypothesis is given by the electromagnetism only
(i.e. fermions interact via pure QED) and then the UV completion of this
model is given by a deformation of the SM; in particular, we introduce Z
boson like particles (with di↵erent masses).

3.1 Events and cuts

The process that was simulated using MG5 is uū ! e�e+(chirality RR!
RR). We generated 4 samples with di↵erent invariant mass cuts (

p
s >

2, 7, 15, 20 GeV). We selected a 15 GeV per beam energy. More details can
be found in the Dropbox Folder (Francesco/EM Fermi).
As in the previous case, we calculated the amplitude using Mathematica,
then the reweighing factor R. At this point, we are ready to put a bound on
the Fermi constants GF .

12
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<latexit sha1_base64="Q57qbyZ8GlmbJ6uq2tGZo6mXIxI=">AAACAHicZZA7TgMxEIZtnmF5BSihsAgFNNFuxKOhiERDGRABpGwUeZ1JGMVrr2wvCFbbUHAWOkTLTbgDh8AEJBT4q08znplPTjKJ1oXhO52anpmdm68sBItLyyur1bX1S6tzI6AttNTmOuEWJCpoO3QSrjMDPE0kXCWjk6/+1S0Yi1pduPsMuikfKhyg4M6XetWnOIEhqiJFhRkfQtlx3WK/foCqDM7B5tJZxg0wVBaURYe3wJxmO63dWOV7OwwH7A5YoLRJucQH3+QomR6wvnc3mORfZ4JY6cRbjQoPqPqgXBmD6v9e7VVrYT0ch/2H6AdqzQoZp9WririvRZ76VUJyaztRmHlzbhwKCWUQ5xYyLkZ+eSHSxODwxk1UOx4VT8F2i/EvTo7I3N2XgbeK/jr8h8tGPTqsH541as3jbz1SIZtkm+ySiByRJjklLdImgnzQdbpJt+gjfaYv9PX76RT9mdkgE6Fvn4e8lY8=</latexit>

Results are insensitive to P (⌫) if we normalize tail of distribution

<latexit sha1_base64="T/THfb8k0H01uY68107afRx+Ylk=">AAABk3icZY9LS8NAFIXv1FeMr6i4EDfBbuqmJD7qwgdBXbgRKtgHNKVMxmsdOnkwMxFLCP4at/p7/DfGtJvas7kf594D5waJ4Eo7zg+pLCwuLa8Yq+ba+sbmlrW901ZxKhm2WCxi2Q2oQsEjbGmuBXYTiTQMBHaC0e3fvvOGUvE4etLjBPshHUb8hTOqC2tg7fsa33XWlHGQ15h9bZ8c2Ve2U3fOBla1GKXseXCnUPUMKNUcWMx/jlkaYqSZoEr1XCfR/YxKzZnA3PRThQllIzrEjIWB5MNXPeP2CoxoiKqflY/NRkSqx7lZtHL/d5iH9nHdbdQbj6dV73JSDww4gEOogQvn4ME9NKEFDD7gE77gm+yRC3JD7ianFTLN7MKMyMMvMCBpQw==</latexit>

Prob(c > 3) = 0.05

<latexit sha1_base64="3IqASw3NA1lIvrbdMKkTBikiH68=">AAABpXicdU/LTsJAFL3FF+Kr6tLNRBZijM200go7EjduTDDhlVBopuMAE6aPzExNSMNH+DVu9TP8GyvogoVndXLOPbnnhKngSmP8ZZS2tnd298r7lYPDo+MT8/Ssp5JMUtaliUjkICSKCR6zruZasEEqGYlCwfrh/OHH778yqXgSd/QiZaOITGM+4ZToQgrMGz/MhGDaR+2aH2fXyE9lkuoEsXF+608koch2UeGMnWVgVrHVbOK63UTYcjF2Gl5B8J3TcF1kW3iFaqsMK7QDk/ovCc0iFmsqiFJDG6d6lBOpORVsWfEzxVJC52TKchqFkk9nekMdFjQmEVOjfDV1MyIyvVhWilZ/r9H/pOdYtmd5z/Vqy1vXgzJcwCXUwIZ7aMEjtKELFN7gHT7g07gynoyO0VuflozfzDlswAi+AQmRccE=</latexit>

• P (⌫) / e�
1
5
⌫2

<latexit sha1_base64="ckeVYAK0chrCVGaQM7/aT6cqB8M=">AAABrnicdY+9TsMwFIVv+C3lL8DIYtGlHaicqArNVomFsUj0R6rTyDFuatWJI8dBqqK+CE/DCm/A25C2MHTgTJ/uuUf33CiTIjcYf1t7+weHR8e1k/rp2fnFpX11PcxVoRkfMCWVHkc051KkfGCEkXycaU6TSPJRtHhc+6M3rnOh0hezzHiQ0DgVM8GoqUah3SFRISU3BPWbJC1aiGRaZUYhPi3vEZlpylDHR0SqeO1P3dbUXYV2A7dxJc9Da3C62KnA97uu6yNnY2Hc6NVgo35oM/KqWJHw1DBJ83zi4MwEJdVGMMlXdVLkPKNsQWNesiTSIp6bnemkwpQmPA/Kzc+7EVmY5apetfo7jf6Hodt2vLb33Gn0vG09qMEt3EETHHiAHjxBHwbA4B0+4BO+LGwNrcAKt6t71m/mBnZkzX8Ar650sg==</latexit>

• P (⌫) / e�
4
9
log(⌫2)2

<latexit sha1_base64="XHeMzNGa9m1nQ8pRxM6mnOPCOc0=">AAABiXicZY9LS8NAFIXv1Fdt1cbHzk0xm7oJSSlVXAW60I1QwaSFJoTJeK1DJw8yE7GE/BK3+qP8N8a2m9iz+jj3HjgnTAWXyjR/SGNnd2//oHnYah8dn3S00zNXJnnG0GGJSLJpSCUKHqOjuBI4TTOkUShwEi5Gf/fJO2aSJ/GzWqboR3Qe81fOqKqsQOs8dj2FH6ro9u7RvS4DTTcNc6XuNlgb0O0LWGkcaMx7SVgeYayYoFLOLDNVfkEzxZnAsuXlElPKFnSOBYvCjM/fVM2dVRjTCKVfrObUIyJXy7JVtbL+d9gGt29YQ2P4NNDt/roeNOESrqAHFtyADQ8wBgcY5PAJX/BN2sQit+Ru/dogm8w51ERGv/gNZok=</latexit>

M (GeV)

<latexit sha1_base64="NQ0+NB8BxdDes1Wtx9GyitPfDhA=">AAABenicZY7LSsNAFIbP1FuMt6hLN9JsFDEkpdRtwIUuq5i20IYyGU/j0MmFmYlQQt/Arb6b7+LCmHYT+68+/nN++KJccKVd95u0trZ3dveMffPg8Oj4xDo9G6iskAwDlolMjiKqUPAUA821wFEukSaRwGE0v/+7D99RKp6lL3qRY5jQOOUzzqiuqufbh6llu45b53ITvDXYvgF1+lOLTV4zViSYaiaoUmPPzXVYUqk5E7g0J4XCnLI5jbFkSSR5/KYb7bjClCaowrL2b05EoRdLs7Ly/jtswqDjeD2n99S1/c5KDwy4gDZcgQd34MMj9CEABjP4gE/4gh/SJtfkZvXaIuvNOTRCur/H1GJE</latexit>

�G



Comparison with UV Models
<latexit sha1_base64="wc+JnyY0UBTQ/hbtTMkqlF5saMU=">AAABz3icZZDLSsNAFIZPvNZ4i7p0U+zGVUikVhAXBTcuWzRtoSllMjnGIZOZOJkoJUTc+kw+iUu3+hLGtiC1/+rjXP7zc4KUs0w7zoexsrq2vrFZ2zK3d3b39q2Dw14mc0XRo5JLNQhIhpwJ9DTTHAepQpIEHPtBfP3b7z+hypgUd3qS4ighkWD3jBJdlcaW5wcYMVEkTLCURFgO9aho2udMlOYtJZyoOsdUy8ecqLieyBD5pekLGVRH4qICJkIUuvRRhH8mY6vh2M5U9WVw59Bo12CqztiifihpnlRWlJMsG7pOWgUhSjPKsTT9PMOU0LgyL2gSKBY96IXqsEJBEsxGxfQpiys815PSrFK5/zMsQ+/Mdlt2q9tstK9m8aAGx3ACp+DCBbThBjrgAYV3+IQv+Da6xrPxYrzORleM+c4RLMh4+wHXw4WC</latexit>

Scalar leptoquark model:

<latexit sha1_base64="G+QSVDafDhTyk8Zd2M8zk/Vb2VU=">AAAB7HicZZDLSgMxFIaTemkdb6Mu3Qy2C1dlRmrduCiI4rJCb9ApJZMe29BMMiSZShnmLdyJW59JX0aMbUFq/9XHSc6fj0QJZ9r4/hcubG3v7BZLe87+weHRsXty2tEyVRTaVHKpehHRwJmAtmGGQy9RQOKIQzea3v2ed2egNJOiZeYJDGIyFuyZUWLsaOiqMIIxE1nMBEvIGPK+GWS16jUTuVMJo5RzMBXv/qHlvTAz8cwEpJp7oJRU2mPaiaUCj0qhQc1s5QycUMjIGkwzC0yMQJg8BDH6e2Holv2qv4i3CcEKyo0SWqQ5dGk4kjSNbRXlROt+4CfWkijDKIfcCVMNCaFTW57ROFJsPDFr075FQWLQg2zxY+srPDXz3LFWwX+HTehcVYN6tf5UKzdul3qohM7RBbpEAbpBDfSImqiNKPpE37iIS1jgV/yG35dXC3i1c4bWgj9+AN+Nju4=</latexit>

• EFT with theory errors is more conservative
<latexit sha1_base64="+0Fa7bR4PWD+/mnkiu++VdvL/cY=">AAAB8nicZZDPTgIxEIdbRMVVEPXopREOnsiuQbxoQuLFgyYQ5U/CEtLtDtDQbTfbroFs9kW8Ga++kBefxRVIDPI7fZnOTL+MFwqujW1/4dxOfndvv3BgHR4VS8flk9OuVnHEoMOUUFHfoxoEl9Ax3AjohxHQwBPQ82b3v++9V4g0V/LFLEIYBnQi+ZgzarLSqDx3PZhwmQRc8pBOIB2YYVKvXXOZWjQMI0XZFDTpdEmgfBDEU7H0rbGKSPWJ3JFg5BqYm+T5sZ0S1yjicjk2i6rlSuVlHrMkAy59kCZ1Qfp//4zKFbtmL0O2wVlDpVlAy7RGZeb6isVBtooJqvXAscPMlUaGMwGp5cYaQspm2fKEBV7EJ1OzUR1kKGkAepgs77Y5ImKzSK3MyvnvsA3dq5rTqDXa9UrzdqWHCugcXaBL5KAb1EQPqIU6iKFvnMdFXMIGv+F3/LFqzeH1zBnaCP78Adndj3E=</latexit>

approaches UV model bound for M = mSLQ !1

<latexit sha1_base64="41ui+oJdNco2KlhN1aH7TT3TAqU=">AAABwnicZZBLS8NAFIVv6qvGV9Slm2ILugqJtBXERUEXXVawD2xKmUyucexkEjMTocT8JX+NGxf6WxzbgtSe1cede84crp9wJpXjfBqltfWNza3ytrmzu7d/YB0e9WScpRS7NOZxOvCJRM4EdhVTHAdJiiTyOfb9yc3ve/8VU8lica+mCY4iEgr2yChRejS22p6PIRN5xARLSIjFUI3yut1gojBrD2e1ShQHyK9MT8S+zp3kGpgIUKjCQxH8+cZW1bGdmSqr4C6g2irDTJ2xRb0gplmkoygnUg5dJ9F/k1QxyrEwvUxiQuhEh+c08lMWPqml6VCjIBHKUT67w7KFZ2pamLqV+7/DKvQubLdpN+/q1db1vB6U4QRO4RxcuIQWtKEDXaDwDh/wBd/GrfFsvBhyvloyFp5jWJLx9gPV3n8L</latexit>

Z0 model:

<latexit sha1_base64="65KgCsCh+HMVrZBD9yI8gReTpe8=">AAAB+XicZZDLTgIxFIZbrzh4wdvKzURY4IbMEMSNCxI3LlxAlEvCIOmUw9Aw05m0RSXNxGdxZ9z6ND6A72EFEoP8qy+nPX+/1E9CJpXjfOG19Y3Nre3MjpXd3ds/yB0etWQ8ERSaNA5j0fGJhJBxaCqmQugkAkjkh9D2xze/5+0nEJLF/EFNE+hFJOBsyChRZtTPvXo+BIzriHGWkADSrurpSumS8dQqmqYBo0raIxaMbOAggqkdiPhZjaxhLOyCNyJKy9T2AskiO3os97Wn4EXp+7tGmhYuLI/HvtEZawOMD4Cr1AM++Huun8s7JWcWexXcBeRrGTRLvZ+j3iCmk8hU0ZBI2XWdxCgToRgNIbW8iYSE0LEp1zTyhTFXS9OuQU4ikD09+77llXCipqllrNz/DqvQKpfcaqnaqORr13M9lEFn6BwVkYuuUA3dojpqIoq+cRaf4FOs8Rt+xx/zq2t4sXOMloI/fwAlEZM6</latexit>

(predicts high energy growth for ŝ >⇠ m
2
SLQ)

<latexit sha1_base64="qcymzyhlDzFfI/TNkItymrB1XZA=">AAACA3icZZDNSgMxEMcTP+v6VRVPgi7Wg6eyK1UvHgqieJIKthW6pSTZ6TY0m6xJVijLHj34LN7Eqw/iU/gKrq0gtf/Tj5nMzI/QRHBjPe8Tz80vLC4tl1ac1bX1jc3y1nbLqFQzaDIllH6gxIDgEpqWWwEPiQYSUwFtOrz86befQBuu5L0dJdCNSSR5nzNii1Kv/BJQiLjMYi55QiLIO7ab1aqnXObOUUBTIcAeubeEP4F7dX3vUpXK0OHGDSBOBpmxWskIdO7aAZGTrttX2hGQWPWYEj10YxWCcAKpaCE2zArgMgRp8wBk+He4V654VW8cdxb8X6jUS2icRq/MglCxNC5WMUGM6fheUsgTbTkTkDtBaiAhbFgsz1hMNY8GdqraKVCSGEw3G3/k9IhI7Sh3Civ/v8MstE6q/ln17K5WqV9M9FAJ7aFDdIx8dI7q6AY1UBMx9IV38T4+wM/4Fb/h98nTOfw7s4Omgj++AUdYlz8=</latexit>

• Naive EFT bound is stronger than bound for leptoquark model

 

 

0.2 Plot 2

Figure 2: Plot 2
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<latexit sha1_base64="XHeMzNGa9m1nQ8pRxM6mnOPCOc0=">AAABiXicZY9LS8NAFIXv1Fdt1cbHzk0xm7oJSSlVXAW60I1QwaSFJoTJeK1DJw8yE7GE/BK3+qP8N8a2m9iz+jj3HjgnTAWXyjR/SGNnd2//oHnYah8dn3S00zNXJnnG0GGJSLJpSCUKHqOjuBI4TTOkUShwEi5Gf/fJO2aSJ/GzWqboR3Qe81fOqKqsQOs8dj2FH6ro9u7RvS4DTTcNc6XuNlgb0O0LWGkcaMx7SVgeYayYoFLOLDNVfkEzxZnAsuXlElPKFnSOBYvCjM/fVM2dVRjTCKVfrObUIyJXy7JVtbL+d9gGt29YQ2P4NNDt/roeNOESrqAHFtyADQ8wBgcY5PAJX/BN2sQit+Ru/dogm8w51ERGv/gNZok=</latexit>

M (GeV)

<latexit sha1_base64="PJr4oQB5hU2Z9svLRlFHc5m5hZo=">AAABjnicZY9LT8JAFIXv4KvWV33s3Bi7wYWkJQRXxiZuWGJCgYTWZjpeccL0kc7UiE39LW71H/lvrIUNclZfzr0nOSdMBZfKsn5IY2Nza3tH29X39g8Oj4zjk6FM8oyhyxKRZOOQShQ8RldxJXCcZkijUOAonN3/3UevmEmexAM1T9GP6DTmz5xRVVmBcda0rQ9P4ZsqBjgsrx6L63YZGKbVsmpdrIO9BNPRoFY/MJj3lLA8wlgxQaWc2Faq/IJmijOBpe7lElPKZnSKBYvCjE9f1Io7qTCmEUq/qDetRkSu5qVetbL/d1iHYbtld1vdh47ptBf1QINzuIQm2HADDvSgDy4weIdP+IJvYpAuuSV3i9cGWWZOYUWk9wsC12jD</latexit>

(10 TeV)�2

<latexit sha1_base64="NQ0+NB8BxdDes1Wtx9GyitPfDhA=">AAABenicZY7LSsNAFIbP1FuMt6hLN9JsFDEkpdRtwIUuq5i20IYyGU/j0MmFmYlQQt/Arb6b7+LCmHYT+68+/nN++KJccKVd95u0trZ3dveMffPg8Oj4xDo9G6iskAwDlolMjiKqUPAUA821wFEukSaRwGE0v/+7D99RKp6lL3qRY5jQOOUzzqiuqufbh6llu45b53ITvDXYvgF1+lOLTV4zViSYaiaoUmPPzXVYUqk5E7g0J4XCnLI5jbFkSSR5/KYb7bjClCaowrL2b05EoRdLs7Ly/jtswqDjeD2n99S1/c5KDwy4gDZcgQd34MMj9CEABjP4gE/4gh/SJtfkZvXaIuvNOTRCur/H1GJE</latexit>

�G



Data Clipping?
<latexit sha1_base64="BrvMFCjNhCHg/mzTDJqhTupSUgs=">AAAB4nicZZDLSsNAFIYn9VbjLerSTbBFXIVEtG5ECqLoQqhoL9CEMJkc0yGTScxM1RLyAu7Erc/k3qdw41YxtgWp/Vcf5/Kfn+MljAppmu9KaWZ2bn6hvKguLa+srmnrGy0R91MCTRKzOO14WACjHJqSSgadJAUceQzaXnjy22/fQypozG/kIAEnwgGnt5RgWZRcrWd7EFCeRZTTBAeQd6WT7RsHlOfqRcDjFHQfS6w/UNnTq7a4S2Umcv1YP3VtCY8yI4wmeVW1eewVd8OsAMp94DK3gft/vq5WMQ1zKH0arDFU6juX1x+hc9ZwNWL7MelHhRVhWIiuZSZFNpxKShjkqt0XkGASFuYZibyUBj05Ue0WyHEEwsmGf5pcYX05yNUilfU/wzS09gyrZtSurEr9CI1URltoG+0iCx2iOjpHDdREBL2hT/SFvhVfeVKelZfRaEkZ72yiCSmvP9VLj6U=</latexit>

Ignore data with
p
s > Eclip

<latexit sha1_base64="P1aZEFjKvVRmng4CFJBJRluXEEI=">AAAB8nicZZDLSsNAFIZnar1FW6su3US7EYSSiJeFLgqiuFToDZpSJpPTduhkZshMtCXkRdyJWx/Ax3DrxofwCYxtodT+q2/OmfOfn+MrzrRxnC+cW8mvrq1vbFpb24XiTml3r6FlHFGoU8ll1PKJBs4E1A0zHFoqAhL6HJr+8Oav33yCSDMpamasoBOSvmA9RonJSt3SyPOhz0QSMsEU6UPaNp3krHLORGrdyFCRCGzKmVIQ2Ld3NRtGlMd/bvYzMwPbmr97MrLrDTuUAXBteUL6WY5hkgETAQiTeiCC+Z5uqexUnInsZXBnUK4enlx9XP98PnRL1AskjcPMinKiddt1VJaVRIZRDqnlxRoUocPMPKGhH7H+wCxU2xkKEoLuJJO7LY7w2IxTK0vl/s+wDI3TintRuXh0y9VrNNUGOkBH6Bi56BJV0T16QHVE0TfO4wIuYoNf8Ct+m37N4dnMPloQfv8FuRKTYw==</latexit>

Compare clipped EFT exclusion with exclusion for UV models
0.4 Plot 4

Figure 4: Plot 4
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<latexit sha1_base64="PJr4oQB5hU2Z9svLRlFHc5m5hZo=">AAABjnicZY9LT8JAFIXv4KvWV33s3Bi7wYWkJQRXxiZuWGJCgYTWZjpeccL0kc7UiE39LW71H/lvrIUNclZfzr0nOSdMBZfKsn5IY2Nza3tH29X39g8Oj4zjk6FM8oyhyxKRZOOQShQ8RldxJXCcZkijUOAonN3/3UevmEmexAM1T9GP6DTmz5xRVVmBcda0rQ9P4ZsqBjgsrx6L63YZGKbVsmpdrIO9BNPRoFY/MJj3lLA8wlgxQaWc2Faq/IJmijOBpe7lElPKZnSKBYvCjE9f1Io7qTCmEUq/qDetRkSu5qVetbL/d1iHYbtld1vdh47ptBf1QINzuIQm2HADDvSgDy4weIdP+IJvYpAuuSV3i9cGWWZOYUWk9wsC12jD</latexit>

(10 TeV)�2

<latexit sha1_base64="olaL+xF5pMVvwpuQ8lTue06IkY4=">AAABlXicZY9LS8NAFIXv1Fetr6gLF90Es6mbkhSpKyHgc2cFkxaaEibjNQ6dPJiZiCVk4a9xqz/Hf2Ntu6k9q49z74FzolxwpW37h9TW1jc2t+rbjZ3dvf0D4/DIV1khGXosE5kcRFSh4Cl6mmuBg1wiTSKB/Wh89Xfvv6FUPEuf9CTHUULjlL9wRvXUCo3mTRhofNclEzyvzDmbrTv0z6rQsOy2PZO5Cs4CLLcOM/VCgwXPGSsSTDUTVKmhY+d6VFKpORNYNYJCYU7ZmMZYsiSSPH7VS+5wiilNUI3K2bTliCj0pGpMWzn/O6yC32k73Xb38dxyO/N6UIcmnEILHLgAF+6hBx4w+IBP+IJvckIuyTW5nb/WyCJzDEsiD7+PH2wN</latexit>

Eclip (GeV)

<latexit sha1_base64="Nei+kbA8NtDXnKzVKTG8Z+TQ/hI=">AAABfXicZY/NSsNAFIVv6l+Mf1GXbopBcCEhKaXdBlzosoJpC00ok/Eah84kYWYilNBncKuP5tNoTLuJPauPc++Bc5KCM6U979vo7Ozu7R+Yh9bR8cnpmX1+MVZ5KSmGNOe5nCZEIWcZhpppjtNCIhEJx0myuP+7T95RKpZnz3pZYCxImrFXRomurTAqRPdhbjue6zXqboO/AScwodFobtPoJaelwExTTpSa+V6h44pIzSjHlRWVCgtCFyTFiopEsvRNt9xZjRkRqOKqmdCO8FIvV1bdyv/fYRvGPdcfuIOnvhP01vXAhCu4hlvwYQgBPMIIQqDA4AM+4Qt+jBvjznDXrx1jk7mElozhL32GY44=</latexit>

±G

<latexit sha1_base64="sRJu+z18c+AvvIVHKPepKHBuG6g=">AAAB/XicZZDLSsNAFIZnvBsvrbpR3ES7EYSQiJeFLgqiuFSwrdCUMpmcpkMnM+PMRJAQXPgs7sStPoZbH8GtT2DUglT/1cf5z+XnRIozY33/DY+NT0xOTc/MOnPzC4uV6tJy08hMU2hQyaW+iogBzgQ0LLMcrpQGkkYcWtHg+Mtv3YA2TIpLe6ugk5JEsB6jxJalbvU+jCBhIk+ZYIokULRtJ9/19pgonGPOlILYPTm9dCOZidhlxjGWce4aq6VIQLu2T8TQ7EntclBWXmdED9xUxsA9z3NCIaMy0iAvgYkYhC1CEPHvyW615nv+t9z/EAyhVt/YPnw5+ng971ZpGEuapeUqyokx7cBXZWyiLaMcCifMDChCB+XynKaRZknfjlTbJQqSgunk3y8cHeGZvS2cMlXwN8N/aO54wb63fxHU6kfoRzNoHW2iLRSgA1RHZ+gcNRBF77iCV/EavsMP+BE//bSO4eHMChoRfv4EYJGXoQ==</latexit>

Clipped EFT bound is still stronger than bound for leptoquark model...



BSM Discovery
<latexit sha1_base64="l/KHggw97byUJpNPIrLEVzXp614=">AAAB4HicZZA7T8MwFIVvyquEV4CRJaILU5WgUhaGSiwsSEXQh9RUlePetlYdJ7IdRImysyFWfhN/gL/BCgPuQ0KlZ/p0fO/x0Q0TzpT2vE+rsLa+sblV3LZ3dvf2D5zDo6aKU0mxQWMey3ZIFHImsKGZ5thOJJIo5NgKx9fT99YjSsVi8aAnCXYjMhRswCjRxuo5gyDEIRNZxARLyBDzju5mlfIFE7ldRzmIZeQqJJKO3DjRLGLP2HeN697fuvhEeTpNtgMRh+bXcWaAiT4KnQco+n+pPafklb2Z3FXwF1CqFWGmes+hQT+maWSiKCdKdXwvMc2I1IxyzO0gVZgQOjbhGY1CyYYjveR2DAoSoepmsystr/BUT3LbtPL/d1iF5nnZr5ard5VS7WpeD4pwAqdwBj5cQg1uoA4NoPABX/ANP1ZovViv1tt8tGAtdo5hSdb7L4lTjIo=</latexit>

Perform search optimized for SM exclusion

<latexit sha1_base64="6zEOmyUr5CAaBoZyENcHz+YPqQo=">AAAB8XicZVDLSsNAFJ1pfdTaatSlm2A3FaQkLiqKQkEUEYWKfUFTwmQ6TYdOMiEz0ZY4X+AXuBO3fpELv8FfMH2I1p7F3DP3nHs5XCdgVEjD+ICp9NLyympmLbuey29salvbDcGjEJM65oyHLQcJwqhP6pJKRlpBSJDnMNJ0BudjvflAQkG5X5OjgHQ85Pq0RzGSScvWHi1JhjJmdJCs6HPe1cOxovQz3eqFCMc39tRxcVlTRcvhrCtGXlLiocrGynJR8DR+EvqrWbJ/oP/9+9F+4v5ZdX+rlK0VjJIxgb5IzBkpVE6ev44z9nXV1rDV5TjyiC8xQ0K0TSOQnRiFkmJGVNaKBAkQHiCXxNhzQur25Vy3nVAfeUR04snZ5kdYJEcqm6Qy/2dYJI3Dklkule+SeKdgigzYBXugCExwBCrgClRBHWDwCdMwB/NQwBf4Ct+m1hSczeyAOcD3b8XRlAA=</latexit>

likelihood ratio =
LEFT(x |✓, ⌫)
LSM

<latexit sha1_base64="3v9Op7gqFWKvMnZlKeHB6IjN4MM=">AAAB9nicZZA9T8MwEIbt8lXCV/jYWCLKwFQlCJWFoYKFsSBKkZqqsp0jWHXsyHaAKuSvsCFW/g4rvwS3VEKFd3p1d+/do6O54MaG4SeuLSwuLa/UV7219Y3NLX9759aoQjPoMiWUvqPEgOASupZbAXe5BpJRAT06upj0e4+gDVfyxo5zGGQklfyeM2Jdaei/xBRSLsuMS56TFKq+HZQtLivvHKwFHSRgmOb5ZDpQ9wGRKiNCFSZIiCXeYXzN0wdLtFZPh4GxWsnUhagqZOLFUlHHMiqd4TIBaasYZPJ7a+g3wmY4VfDfRDPTaO+hqTpDn8WJYkXmVjFBjOlHYe54ibacCai8uDCQEzZyy0uWUT1hm6v2nZUkAzMop7+bj4jCjivPUUV/Gf6b2+Nm1Gq2rk4a7bMfPFRH++gAHaEInaI2ukQd1EUMfeE63sY7+Bm/4jf8/jNaw7PMLpoT/vgGRTOS+A==</latexit>

Better description of anomalous data � stronger bound

<latexit sha1_base64="+INeT6hnmTpGti0cwtxjkk2YgS0=">AAAB5HicZZC7TsMwFIZPyq2EW7hsLBHtwFQlCJWFoRILEyqIXqSmqhznNJgmTmQ7VFWUN2BDrDwTKy/CCu5FQqX/9OnY5/cn+2nEpHKcL6O0tr6xuVXeNnd29/YPrMOjtkwyQbFFkygRXZ9IjBjHlmIqwm4qkMR+hB1/dDM977ygkCzhj2qSYj8mIWdDRonSo4H17PkYMp7HjLOUhFj0VD+vM16YdxmThFO0UyJIjEqX2GbVe2DhkyJCJOOqPUYyQmH7ScYD0+OJr18e5RoYD5CrwkMe/DUPrIpTc2axV8FdQKVxArM0Bxb1goRmsa6iEZGy5zqptiNCMRphYXqZxJTQkS7PaeyLqdnStKeRa3fZz2c/tbwSZWpSmNrK/e+wCu2Lmluv1e8vK43ruR6U4RTO4BxcuIIG3EITWkDhE77hxwBjaLwab8b7/GrJWOwcw1KMj18yZI0v</latexit>

Nuisance parameters � weaker bound



Look Everywhere!
<latexit sha1_base64="NCU9eOMWJcmblDCvz8dxiA3A92Q=">AAAB/HicZZDNSgMxFIWT+ldHrVUXCm6C3bgqM1LrxkXRjRuhYv+gU0omc+2EziRDkgplGBc+iztx67v4Bj6GsS1I7VkdTu49+bhBGnNtXPcLF9bWNza3itvOzu5eab98cNjRcqIYtJmMpeoFVEPMBbQNNzH0UgU0CWLoBuPb3/fuMyjNpWiZaQqDhI4Ef+KMGhsNy69+ACMusoQLntIR5H0zyGrVSy5ypxUBScBEMiS2U4MwEJIIFBBGBQmATLQNjCQGtCE+JGmUUTHNyc3jPZEpKGqkcnwhA0s0zqzhIrQtuQ8i/PtxWK64VXcmsmq8hak0imim5rDM/FCySWKrWEy17ntuaqmpMpzFkDu+5UopG9vyjCWB4qPILKV9awVNQA+y2QWXV+KJmeaOpfL+M6yazkXVq1frD7VK43qOh4roFJ2hc+ShK9RAd6iJ2oihb1zCx/gEv+A3/I4/5qMFvNg5QkvCnz9GpJRv</latexit>

The method presented here can be used to test any BSM operator

<latexit sha1_base64="90vAIQIwl7w90hxlo0NHmOkYvsA=">AAAB6HicZZC7TsMwFIbttkAJtwAjS0QXFqIElSIhhoouLEhF0IvUVJXjnqamjh1iB6mK8g5siJVnYuFVmEgvEir9p0/HPr8/2Y84U9pxvnGhWNrY3CpvGzu7e/sH5uFRW8kkptCiksu46xMFnAloaaY5dKMYSOhz6PiTxuy88wqxYlI86WkE/ZAEgo0YJTofDUzh+RAwkYZMsIgEkPV0P63al0xkRoMTpdhoat0+3lsygphoGSsjUUwElhTnagycWxroWLCXBNS14Qnp569P0hyYGILQmQdi+Nc+MCuO7cxjrYO7hEq9jOZpDkzqDSVNwryKznR6rhPlhiTWjHLIDC9REBE6yctTGvoxC8Z6ZdrLUZAQVD+d/9bqCk/0NDNyK/e/wzq0L2y3ZtceqpX6zUIPldEJOkVnyEVXqI7uUBO1EEVf6AcXcQk/4zf8jj8WVwt4uXOMVoI/fwGAgI2Z</latexit>

Classify BSM operators using on-shell techniques:

<latexit sha1_base64="9y9h/eSgHfht2RrfYIQJUCnURTU=">AAAB0XicZZC7TsMwFIZPyq2EW4CRpaIdmKqkEmVhqMTCWARtkZqqcpzTYNVxgu2AqigSYuWZeBBmVngHTFoJlf7Tp2Of358cpJwp7bofVmVtfWNzq7pt7+zu7R84h0d9lWSSYo8mPJH3AVHImcCeZprjfSqRxAHHQTC9+j0fPKFULBF3epbiKCaRYBNGiTajsTPwA4yYyGMmWEoiLIZ6lJ8zUdgNnyci4jjRkkUPmkiZPDds/zEjYc32RRKYZ6a5ASZCFLrwUYR/NWOn7jbdMrVV8BZQ71ShTHfsUD9MaBabKsqJUkPPTY0KkZpRjoXtZwpTQqemPKdxUDotTYcGBYlRjfLyW5ZXeKZnhW2svP8Oq9BvNb12s33Tqncu53pQhRM4hTPw4AI6cA1d6AGFd/iEL/i2bq2Z9WK9zq9WrMXOMSzFevsBdmaGgg==</latexit> !
<latexit sha1_base64="R+S1akF+VTLYgNohJLfLbiS6/dQ=">AAABqXicZY/NSsNAFIXv1L9a/6Iu3QSzEYSaSKkbhYKCLgRbsG2wCWEyXuvQyQ8zE6GEPIZP41YfwrexpllYe1bfPfceODdMBVfatr9JbWV1bX2jvtnY2t7Z3TP2DwYqySTDPktEIt2QKhQ8xr7mWqCbSqRRKHAYTq5/98M3lIon8aOepuhHdBzzF86onlmBcebdoKeYzO8L88r0VBYFeTk/FIV5+4crCAzLbtqlzGVwKrA6dSjVDQzmPScsizDWTFClRo6daj+nUnMmsGh4mcKUsgkdY86iUPLxq15wRzOMaYTKz8t3FyMi09OiMWvl/O+wDIPzptNutnstq3M5rwd1OIJjOAEHLqADd9CFPjB4hw/4hC9ySnrEJU/z0xqpMoewIMJ+ACikdN8=</latexit>

�L =
X

O

GOO

<latexit sha1_base64="o9ypoUToFULpN1Y24eQLeX653Y8=">AAACHHicZZDLSsNAGIVn6q3GW9Wlm2A3glKSIq0LCwUF3RQrWC10aphM/8ahkwszE7GEvIoLn8WduBV8G9O0FGrP6vD95wyHcSPBlbasX1xYWV1b3yhuGlvbO7t7pf2DRxXGkkGHhSKUXZcqEDyAjuZaQDeSQH1XwJM7uprcn15BKh4GD3ocQd+nXsCHnFGdIaf0Qa6BKCaTVuoQDW860RIgNcmZ2TANomLfSfL73YQ1MjxNRZL7VI7T1LiZB7LE7KU5MYjLPU/0DNs8NZljm2QoKUtUmrSeq6kxYdUZ03NG2CDUysyrsm84pbJVsXKZy8aemXKziHK1nRIjg5DFPgSaCapUz7Yi3U+o1JwJyDbFCiLKRtSDhPmu5N6LXqC9zAbUB9VP8h9erIhYj9PJKvv/hmXzWK3YtUrt/rzcvJzOQ0V0hI7RCbJRHTXRLWqjDmK4iCu4ji/wO/7EX/h7Gi3gWecQLQj//AFed50l</latexit>

�Mtree =
X

O=primary

GOMO


1 + c1

s

M2
+ c2

t

M2
+ · · ·

�

<latexit sha1_base64="go6o/FTNF4WZSvyo1Ra894u6fXU=">AAAB9nicZZDLTsJAFIZn8Ib1Brh00wgLV6Q1iBsXJCbGJSZySSgh0+EIE6bTycxUaWpfxZ1x6+u49UkcgcQg/+rLf25/Tig508bzvnBha3tnd6+47xwcHh2flMqVro4TRaFDYx6rfkg0cCagY5jh0JcKSBRy6IWz29967xmUZrF4NKmEYUQmgj0xSoy1RqXXIIQJE1nEBJNkAvnADLNG/YqJ3LmzngGeuhERqSsVi4hK3ViCIiZW2n1hZurUAg5uo+bC3IAShLuSKMMoB+0EIg5tlllmgYkxCJMHIMZ/t0alqlf3FnI3wV9BtVVEC7VHJRqMY5pEdhXlROuB70mbd3Uxd4JEgyR0ZpdnNAoVm0zNmjuwKEgEepgtfrc+whOT5o5N5f/PsAndy7rfrDcfGtXWzTIeKqIzdI4ukI+uUQvdozbqIIq+cRGXcQXP8Rt+xx/L1gJezZyiNeHPH0GLkjc=</latexit>

Finitely many primary operators with  4 external particles

<latexit sha1_base64="Vv1diSSYJ5QEhiPTxJ51tr2Thgs=">AAAByXicdVDJTgJBEK1xRdxQj146cvEw6fRMHERPJJhoQowY2QwQ0tO00GE2u3sISDj5TX6M8ar/4bB44OC71KtX9VIv5UaeUJqQT2NtfWNzazu1k97d2z84zBwd11QYS8arLPRC2XCp4p4IeFUL7fFGJDn1XY/X3UFxNq8PuVQiDCp6HPG2T3uBeBGM6kTqZB5uMbqJpeDxyEQVjEpC0z6V1ERFjJ4wuqesT7uhiZ6TNmG+mNM6F0qZiMqGGF7bhOQxuco5djrdyWQJdkgCGxE8qxcOWioOsuYKIdlCCuYodzKs1Q1Z7PNAM48q1bRIpNsTKrVgHp+mW7HiEWUD2uMT5rtS9Pp6RW0mNKA+V+3J/B2rFi/W4+ks1d9p9D+p2djKYefRzhbyi3iQglM4g3Ow4BIKcAdlqAKDD/iCb/gxSsarMTLeFqtrxtJzAisw3n8B37J6ww==</latexit>

G. Durieux, T. Kitahara, C. S. Machado, Y. Shadmi, Y. Weiss, arXiv:2008.09652
<latexit sha1_base64="pOS6Hurj1Shirfwrs8T6BR2RMFY=">AAABq3icdY/LTsJQEIaneEO8VV26OZGNC2xOG4vGFQkuXGCCQS4RCDk9juWE00t6TkkI4Tl8Grf6DL6NLeCChf9m/nwzk/nHi6VQmtIfo7C1vbO7V9wvHRweHZ+Yp2cdFaUJxzaPZJT0PKZQihDbWmiJvThBFngSu96knve7U0yUiMIXPYtxGDA/FO+CM52hkWm3LFIfs9CvkKfcYVghDxZpiDQDjQphSU9M7x3HdixadWyXlEZmmVouzeQQauX1xiVr4hJ7SSgt14qwVHNk8sFbxNMAQ80lU6pv01gP5yzRgktclAapwpjxCfNxzgMvEf5Yb9B+ZkMWoBrOlw9vrshUzxZ5qr/T5H/TcSy7arnPTrl2t4oHRbiAS7gCG26hBo/QhDZw+IBP+IJv49poGa/GYDVaMNY757AhA38BLrhvdg==</latexit>

S. Chang, M. Chen, D. Liu, ML, arXiv:2212.06215

<latexit sha1_base64="X6uxq1GyGGObeg1eRqDE/XyOlI4=">AAAB73icZZC7TsMwFIZtriXlEmBkiWgHpipBUBaGChYWpHLpRWqqynFPg1XHDrYDqqI8Bxti5ZEQL0OaVqDSf/p07PP7k4OYM21c9wuvrK6tb2yWtqzy9s7unr1/0NYyURRaVHKpugHRwJmAlmGGQzdWQKKAQycYX0/POy+gNJPi0Uxi6EckFGzEKDH5aGAnfgAhE2nEBItJCFnP9NNzJjKr6t+z8MkQpeRr1aEyijkYcCgnWv8WOHLkEM6dq4dbR8agiJFKW76QQS4xTnNgYgjCZD6I4d8jA7vi1twizjJ4c6g0SqhIc2BTfyhpEuVVhUDPc+NclCjDKIfM8hMNMaHjvDylUaCm5gvTXo6CRKD7afFpiys8MZPMyq28/w7L0D6tefVa/e6s0ric6aESOkLH6AR56AI10A1qohai6BtjbOEyfsZv+B1/zK6u4PnOIVoI/vwBuFKPuw==</latexit>

) complete classification of all BSM operators

<latexit sha1_base64="bmOfey8qwo32hqIx/OM1ASjs848=">AAABoXicdY+5TsNAEIbH4QrmMkdHY+ECishaO4lBVBFpQKIIRw4piaL1ZrFXWR/aXQdFUR6Bp6GFB+FtcA6KFPzN/PpmRvOPn3ImFUI/WmFjc2t7p7ir7+0fHB4ZxyctmWSC0CZJeCI6PpaUs5g2FVOcdlJBceRz2vZH9Xm/PaZCsiR+VZOU9iMcxOyNEaxyNDAuH23zTuChDPF7yXyxzXqI46CkY9Fh41u3jCo28pBXHhgWsqsol2sie14rVXNFqqazIAhZtTNYqDEwSG+YkCyisSIcS9l1UKr6UywUI5zO9F4maYrJCAd0SiJfsCBUa7Sb2xhHVPanizfXV3imJjM9T/V32vzftFzb8WzvybVqN8t4UIRzuIArcOAaanAPDWgCgQ/4hC/41iztQWtoz8vRgrbaOYU1ad1fzNBtog==</latexit>

L. Bradshaw, S. Chang, arXiv:2304.06063
<latexit sha1_base64="glwyWnM52DSYqTk3Yj57VLCj0i4=">AAABqnicdY/JTgJBEIZrcMNxG5ebl45cPEw6PYMg8YThoPGEC4sBQnqadugwW7p7SJDwGj6NV30H38Zh8cDB/1J/vqpK/eUlgVCakB8jt7G5tb2T3zX39g8Oj6zjk6aKU8l4g8VBLNseVTwQEW9ooQPeTiSnoRfwljeqzfutMZdKxNGLniS8F1I/Em+CUZ2hvkVqGN3Kd6q5jZ4xqg1p5NvoDqMHymIvtk0q22J84xYdF5NixXX6VoHgEsnkIoLn9aqEVqSEnAUhpFA9g4XqfYt1BzFLQx5pFlClOg5JdG9KpRYs4DOzmyqeUDaiPp+y0JPCH+o12slsREOuetPFv+srQaonMzNL9Xca/W+aLnbKuPzoFqqVZTzIwzlcwCU4cA1VuIc6NIDBB3zCF3wbtvFkvBqd5WjOWO2cwpqMwS8SgXBb</latexit>

C. Arzate, S. Chang, G. Jacobo, arXiv:2312.03821
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ūR�µ

$
D⌫uR

�

6 h eFµ⌫@
µ
�
 ̄R�

⌫
 R

�
� |H|2 eBµ⌫

Dµ

�
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Table 3: Primary operators for couplings of the form hZf̄f and h�ff̄ . As noted

in the text, the hWf̄f
0 operators can be obtained from the hZf̄f operators by the

replacement Zf̄f ! Wf̄f
0, and the hgf̄f operators can be obtained from the h�f̄f

operators by the replacement Fµ⌫ ! Gµ⌫ .
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<latexit sha1_base64="VNCS5EbIY5se74M1jUFwGDrHzl0=">AAAB2HicZZDLSgMxFIYz9VbH21SXbooVdOMwI1o3LgoiuKxgL9ipNUnjNDSThElGKMOAO3XhxlfwTcSXcO3OrT6AsS1I7Q+Bj5Nz/vNzkGRUac97t3Izs3PzC/lFe2l5ZXXNKazXlUhiTGpYMBE3EVSEUU5qmmpGmjImMEKMNFD/5Pe/cUtiRQW/0ANJ2hEMOb2hGGpT6jhXASIh5WlEOZUwJFlLt9MD95DyzD7l0Nio4jUSWotoL5E7RdkjXETmMREO7IALZLb1UwOUdwnXWUB498+t45Q81xuqOA3+GEqV7Y+nl9fCQ7Xj4KArcGI2aMygUi3fkyYRjDXFjGR2kCgiIe4b8xRHKKZhT09UWwY5jIhqp8PrTI6wRA8y26Ty/2eYhvq+65fd8rlfqhyDkfJgE2yBXeCDI1ABZ6AKagCDN/AJvsC3dWndWffW46g1Z41nNsCErOcfWuuM5g==</latexit>

Enables ‘bottom-up’ phenomenology



Conclusions
<latexit sha1_base64="zZ+rGTRVSFQqekHNP1kzmpE3oYw=">AAAB83icZZDNSsNAFIVnqtUafxp16SZaF4JQEtG6sIuCKC4r9EdoSplMr+3QySTMTIQQ8iTuxK17H8OtK9/BJ3BsC1o9q48z99w53CDmTGnXfceFpeXiymppzVrf2Nwq29s7HRUlkkKbRjySdwFRwJmAtmaaw10sgYQBh24wufx+7z6AVCwSLZ3G0A/JSLB7Rok21sBO/QBGTGQhEywmI8h7up+dVs+YyK1DP0g4B33oXF23HC0TMUs5BkBqwoROHaYc4ugxRDL97Vu+iAJTZJIZYGIIQuc+iOHPRwO74lbdqZz/4M2h0tg/vnitf741Bzb1hxFNQrOKcqJUz3NjU5ZIzSiH3PITBTGhE7M8o2Eg2WisF9yeQUFCUP1serjFCE90mlumlfe3w3/onFS9WrV261UadTRTCe2hA3SEPHSOGugGNVEbUfSBi3gLl3GCH/ETfp6NFvA8s4sWhF++AC4ZlGw=</latexit>

• EFT truncation uncertainty is a theory uncertainty

<latexit sha1_base64="Eyv5iSWJSnny9fKaAId92NTq/DY=">AAACAHicZZA7T8MwFIXt8irhVQpbGSLaoSxVgqAsDJUY6FiktlRqqspxLqlVx4liB6lEWRj4LUwgVv4JIzs/AvchodIzfTrX99wjuxFnUlnWF86trW9sbuW3jZ3dvf2DwmGxK8MkptChIQ/jnkskcCago5ji0ItiIIHL4d4d30zn948QSxaKtppEMAiIL9gDo0Rpa1h4cVzwmUgDJlhEfMj6apBe1C6ZyIyK4yacg6qYRltnKjORTPimVER4JPamoHRDncXNANQo9KRRFQmTRFAwIxIT7erbZ4YjQlcnjFMNTHggVOaA8P6uDgtlq2bNZK6CvYByo3L7dvz03WwNC9TxQpoEOopyImXftiLdnMS6DofMcBIJEaFjHZ7SwI2ZP1JLbl+j0AXlIJ394vIKT9QkM3Qr+3+HVeie1+x6rX5nlxvXaK48KqFTVEU2ukIN1EQt1EEU/eAiLuET/Ixf8Tv+mD/N4cXOEVoS/vwF2yGY9g==</latexit>

• Treat using standard statistical methods (nuisance parameters)
<latexit sha1_base64="cv+YsBbsUrqz3oNU41WVFGJbVT4=">AAAB9HicZZC9TsMwFIXtAgXCTwOMLIF2QEKqEsTPQIdKCMQIqC1ITVU57m1q1XEi2wGVKG/ChliZeQxWNp6BJ8CFSqj0TEfX9xx/ukHCmdKu+4ELc/MLxcWlZWtldW29ZG9stlScSgpNGvNY3gVEAWcCmpppDneJBBIFHG6D4dn4/fYepGKxaOhRAp2IhIL1GSXajLr2ox9AyEQWMcESEkLe1p3ssHrERG5V/BsWDjSRMn6oOOcXDcdU9xgdJx2mnFRQkJow4fRj6XAiQ3Aq/oDoTOUVyxdxYEiGmTFM9EDo3AfR+/upa5fdqvsjZ9Z4E1Ou7+yfvtW+3q+6NvV7MU0jU0U5UartuYmhJVIzyiG3/FRBQujQlGc0CuQYfmraNlaQCFQn+7ncdISnepRbhsr7zzBrWgdV77h6fO2V6zX0qyW0jXbRHvLQCaqjS3SFmoiiT1zEJWzje/yEn/HL72oBTzJbaEr49RvfVZQA</latexit>

) EFT prediction is uncertain for large ŝ

<latexit sha1_base64="q6JIa19fJV1WPlcoKlsdOukydgM=">AAAB93icZZC7TsMwGIVtriXcSjuyBMqAhBQliMsAQyUWRkC0IDVV5Tg/wapjR7ZTqYryLGyIlY3HYGXmDXgC3IuESs/0+djn/48cZZxp4/tfeGFxaXlltbLmrG9sbm1Xd2ptLXNFoUUll+oxIho4E9AyzHB4zBSQNOLwEPWvRvcPA1CaSXFvhhl0U5II9sQoMdbqVcswgoSJImWCZSSBsmO6xYl3ykTpHIRRzjmYA/cOdM6NdokCl0qhQQ1sfjA6pJk1Y8dIt9V2UxkDdzUQRZ9BO6GQkS3TLywwEYMwZQgi/lvWqzZ8zx/LnYdgCo3m3tHFx+XP502vSsNY0jy1oygnWncCP7OFiTKMciidMNeQEdq3wwuaRoolz2bG7VgUJAXdLcafNxvhuRmWjm0V/O8wD+1jLzjzzm6DRvMSTVRBu2gfHaIAnaMmukY3qIUo+sZruIbreIhf8Ct+mzxdwNNMHc0Iv/8CqGuVrw==</latexit>

• Results are conservative compared to UV model searches
<latexit sha1_base64="siWAOFdmKbgCzq/AEGAt24Ep6LM=">AAAB0nicZZA9S8NAGMcv9a3Gt6ijS7QdBCEkonWwQ8HFRajQ1kJTyuX6NB69XMLdpVBDBnH1Azn5GVzdXXXwE3i2Ban9Tz+el//z5wkSRqVy3XejsLS8srpWXDc3Nre2d6zdvZaMU0GgSWIWi3aAJTDKoamoYtBOBOAoYHAXDK9++3cjEJLGvKHGCXQjHHI6oAQrXepZbT+AkPIsopwmOIS8o7rZmXNOeW4GqbIlcEkVHYE9iIXNsAjBLt+UTZ/Hgb4zzDRQ3geuch94/8+nZ5Vcx53IXgRvBqXa4cnlS/X7rd6ziN+PSRppK8KwlB3PTXQWLBQlDHLTTyUkmAy1eUaiQNDwXs1VOxo5jkB2s8lf5ldYqsa5qVN5/zMsQuvU8SpO5dYr1apoqiI6QEfoGHnoAtXQNaqjJiLoFX2gT/RlNIwH49F4mo4WjNnOPpqT8fwD4e+JNQ==</latexit>

but sensitive for large M

<latexit sha1_base64="CBDN+lCD6sz4H59WzdpFUDInhxQ=">AAAB9XicZZC9TsMwFIVt/lrCXwojS6AMSEhVgqAMdKjEwlgkSpGaqnLcS7Hq2JbtgEqUR2FDrKw8Bisjr8ATYEolVDjT0fU9x59uojgzNgzf8dz8wuJSqbzsrayurW/4lc0rIzNNoU0ll/o6IQY4E9C2zHK4VhpImnDoJKOz7/fOHWjDpLi0YwW9lAwFu2GUWDfq+3mcwJCJPGWCKTKEomt7+VHtmInC24uTjHOwe4HX0lJJA4NA3Y6NC/NAEU1SsKDZw6QqkDdeJihoS5iwDIwXC5k4lFHuDBMDELaIQQx+v+r71bAWThT8N9HUVJs7B6evjc+3Vt+n8UDSLHVVlBNjulGoHC7RllEOhRdnBhShI1ee0zTRbHhrZ6ZdZ4XDNr18crrZCM/suPAcVfSX4b+5OqxF9Vr9Iqo2G+hHZbSNdtE+itAJaqJz1EJtRNEHLmEfV/A9fsRP+PlndQ5PM1toRvjlC/9flYU=</latexit>

• Proposed physical parameterization of uncertainties
<latexit sha1_base64="++uBFTzPgDSzYJL3bzWOivtRJ7c=">AAAB2HicZZDLSsNAFIYnXtt4i7oUNNguXIVEtG4UCqK4EVroDZtaJpNjOnQyCZmJpYSAGxG3Po0P4Ev4CrrUBzC2Ban9V9+5/fwcJ2RUSNN8V+bmFxaXlnN5dWV1bX1D29xqiCCOCNRJwIKo5WABjHKoSyoZtMIIsO8waDr989958x4iQQNek8MQOj72OL2jBMus1dVubQc8yhOfchpiD9K27CRHxjHlqVq8LupnuiCYgT7oQQT6xWVNdzL7vtDdYMBVmwejMsmAche4TG3g7p9bVyuYhjmSPgvWBArl/O5r9fNxr9LViO0GJPYzK8KwEG3LDLNEOJKUMEhVOxYQYtLPzBPiOxH1enKq286QYx9EJxl9Z/qExXKYqlkq63+GWWgcGlbJKFWtQvkUjZVDO2gfHSALnaAyukIVVEcEvaEP9IW+lRvlQXlSnserc8rkZhtNSXn5ASCFiis=</latexit>

M = scale where EFT breaks down

<latexit sha1_base64="IwCN3yMdLi3WZ5pw4n/AdwraKRo=">AAAB7XicZZA7T8MwFIVtnm14hcfGEtEOZakSBGVhqMRAF6Qi0YfUVJXjXlqrjmPFDqJE+RlsiJWN/9ORXwLuQ0KlZzq61+fcTw4kZ0q77gSvrW9sbm3n8tbO7t7+gX141FRRElNo0IhHcTsgCjgT0NBMc2jLGEgYcGgFo9vpvvUMsWKReNRjCd2QDAR7YpRoM+rZyg9gwEQaMsEkGUDW0d30snzFRGYV/SDhHHTRuScjUI4cjpUJcocolYRyWqCckoxZFKtzB14ML2Xa8kUUGIRRagwTfRA680H0/0707IJbdmdyVo23MIVq8e7r5PW7Vu/Z1O9HNAlNFeXmeMdzpcEksWaUQ2b5iQJJ6MiUpzQMYjYY6qVpx1hBQlDddPZlyxGe6HFmGSrvP8OqaV6UvUq58uAVqjdorhw6RWeohDx0jaqohuqogSiaoB+cw3kc4Tf8jj/mT9fwInOMloQ/fwGnZpJ+</latexit>

• Makes physical assumptions (priors) explicit

<latexit sha1_base64="1ZAg5gfbvG7HU001adOEJECfl1U=">AAAB4HicZZDLSsNAFIYn9VbjLerSTbRdCEJJROvCLgpu3AgV7AWaUmYmp+nQySRkJkIJ2bsTtz6JD+HCra/RrS4c24LU/quPc/nPzyExZ1I5zqdRWFldW98obppb2zu7e9b+QUtGaUKhSSMeJR2CJXAmoKmY4tCJE8Ah4dAmo5vffvsREski8aDGMfRCHAg2YBQrXepbA49AwEQWMsFiHEDeVb3sonLJRG6WPZJyDqps34EaRr7NpB2AgARzGwvfjhNMlXbipicioq+OMg1M+CBU7oHw/1z7VsmpOFPZy+DOoVQ/Prt+q00+Gn2Len5E01BbUY6l7LpOrJPhRB/kkJteKiHGdKTNMxqShAVDtVDtahQ4BNnLpl9aXOGpGuemTuX+z7AMrfOKW61U791SvYZmKqIjdIJOkYuuUB3dogZqIore0QR9oW+DGE/Gs/EyGy0Y851DtCDj9Qd3SI8C</latexit>

• Method is general and practical
<latexit sha1_base64="cWrWkkCYODIxxCA/umfk39oR3mU=">AAAB5nicZZDLSgMxFIaTeqvjrerSTbUFBbHMiNaFXRTcuKxiL9ApNZMep6GZZJhklDLMK7gTtz6GjyHufA1XLk0vILU/BD5OzvnPz/FCzpS27S+cWVhcWl7Jrlpr6xubW7ntnYaScUShTiWXUcsjCjgTUNdMc2iFEZDA49D0Blej/+YjRIpJcaeHIXQC4gv2wCjRptTNcdcDn4kkYIKFxIe0rTvJWemcidQqurfM72sSRfKpaIEgxlTl7z2ptQxO4vAwH/ZByMA8Lv2h5Qrpmd2DxAATPRA6dUH0/ry7uYJdssfKz4MzhUJ1//jyvfL9UevmqNuTNDYbNOVEqbZjhyYfiTSjHFLLjRWEhA6MeUIDLxrFnam2DQoSgOok41vNjvBYD1PLpHL+Z5iHxmnJKZfKN06hWkETZdEeOkBHyEEXqIquUQ3VEUWf6AdjnMF9/Ixf8OukNYOnM7toRvjtFx02kBY=</latexit>

) enables ‘bottom-up’ phenomenology
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Form Factor Dependence
<latexit sha1_base64="tU6PU9DtYw00+2yBWyeVzOw7F0M=">AAAB13icZZC7TsMwFIYdriXcwmVjiWiHskQJgrIwVAJBxyLRC2qiynFPW6uOHSUOokQRG2LlRXgJnoKRkRVeAPciodJ/+nR8/v/8sh8yGkvb/tAWFpeWV1Zza/r6xubWtrGzW49FEhGoEcFE1PRxDIxyqEkqGTTDCHDgM2j4g4vRe+MeopgKfiuHIXgB7nHapQRLNWobnutDj/I0oJyGuAdZS3rpiXVKeaZfQgi8A5yAKbgp+2B2RRSYomsWrooPRwXd5cJXxwapAjralJmrHH9hbSNvW/ZY5jw4U8iXC9dv+4+flWrbIG5HkCRQUYThOG45dqgK4UhSwiDT3SSGEJOBCk9J4Ee015cz05ZCjgOIvXT8ObMWlshhpqtWzv8O81A/tpySVbpx8uVzNFEOHaBDVEQOOkNlVEFVVEMEvaMv9I1+tDvtSXvWXiarC9rUs4dmpL3+As1nifc=</latexit>

Dependence on the form of F (x)

<latexit sha1_base64="9cJTl4aWEnyrqz3fePpbk8yzusE=">AAAB63icZZDLTsJAFIZnUAHrDXXpZpRNGwlp0eBGE6IJcYmJXBIGm+kw4ITpxc7UgE2fwp1x6zMZH8bEUtgg/+qbf85JvhwnEFwq0/yBuY3NrXyhuK3t7O7tH5QOjzrSj0LK2tQXfthziGSCe6ytuBKsF4SMuI5gXWdyN//vvrJQct97VLOADVwy9viIU6LSyi69YEnDuJno0wqaVdCbgW6QhgUbKR3hUUho3NSnRhJPE4RDPn5WxlOMTzERiYZv+bivWegcUdtC8zGkzbmW8szI8GJRL9+YDn0l7VLZrJpZ0DpYSyg3iiBLyy5RPPRp5DJPUUGk7FtmoAYxCRWngqUekWQBoRMyZjF1ncxype2n6BGXyUGcHWx1RURqlmiplfXfYR06tapVr9YfLsuN64UeKIITcAZ0YIEr0AD3oAXagIJv8AvzsABd+A4/4OdiNAeXO8dgJfDrD4GfhEk=</latexit>

F(x, y , z) =
✓
F (x)

x

◆↵ h
1 + c1F (x) + c2F (y) + c3F (x)F (y) + · · ·

<latexit sha1_base64="iFB1XvRwskB5I17s8WSlm9JOLeQ=">AAABlnicZY9LS8NAFIXv1Fetr6gbQRfFbgQhJEXqRqQoossI9gFNCJPxGodOJmFmIpaQjb/Grf4b/4217Sb2rD7OvQfOiTLBtXGcH1JbWV1b36hvNra2d3b3rP2Dvk5zxbDHUpGqYUQ1Ci6xZ7gROMwU0iQSOIjGt3/3wRsqzVP5ZCYZBgmNJX/hjJqpFVonRXne9A2+m0KhTiWVDHXZ9G94rILQajm2M1NzGdwFtLp1mMkLLeY/pyxPUBomqNYj18lMUFBlOBNYNvxcY0bZmMZYsCRSPH41FXc0RUkT1EEx21aNiNxMysa0lfu/wzL027bbsTuPF63u1bwe1OEYTuEMXLiELjyABz1g8AGf8AXf5IhckztyP3+tkUXmECoi3i+s9Wz6</latexit>

+ resonances
i

<latexit sha1_base64="P4P15QoDHnW9L8/TL4CzybdFzKA=">AAABtnicZU/LSgNBEOz1GcfXqkcvgwGJIGFHJHqIEBDEYwTzgEwMs5N2HTL7YGdWEpb8jF/jVW/+jWuSS0ydqqurmmo/0cpYz/tx1tY3Nre2Sztkd2//4NA9Om6bOEsltmSs47TrC4NaRdiyymrsJimK0NfY8Uf3f/vOO6ZGxdGznSTYD0UQqVclhS2kgVt/qIwv6B3lPgYqymVxykzJmJ7TMeVaU3ZJOCdsPgcBZYRjNFz4Bm7Zq3oz0FXCFqTcKMEMzYEr+TCWWYiRlVoY02NeYvu5SK2SGqeEZwYTIUciwFyGfqqCN7uk9goaiRBNP5/9vhzRmZ1MSdGK/e+wStpXVVar1p6uy436vB6U4BTOoAIMbqABj9CEFkj4gE/4gm/n1nlx0Anm1jVnkTmBJTjJL7N8dY8=</latexit>

F (x) =

(
x x ⌧ 1,
1 x � 1

0.3 Plot 3

Figure 3: Plot 3

3

<latexit sha1_base64="PJr4oQB5hU2Z9svLRlFHc5m5hZo=">AAABjnicZY9LT8JAFIXv4KvWV33s3Bi7wYWkJQRXxiZuWGJCgYTWZjpeccL0kc7UiE39LW71H/lvrIUNclZfzr0nOSdMBZfKsn5IY2Nza3tH29X39g8Oj4zjk6FM8oyhyxKRZOOQShQ8RldxJXCcZkijUOAonN3/3UevmEmexAM1T9GP6DTmz5xRVVmBcda0rQ9P4ZsqBjgsrx6L63YZGKbVsmpdrIO9BNPRoFY/MJj3lLA8wlgxQaWc2Faq/IJmijOBpe7lElPKZnSKBYvCjE9f1Io7qTCmEUq/qDetRkSu5qVetbL/d1iHYbtld1vdh47ptBf1QINzuIQm2HADDvSgDy4weIdP+IJvYpAuuSV3i9cGWWZOYUWk9wsC12jD</latexit>

(10 TeV)�2

<latexit sha1_base64="XHeMzNGa9m1nQ8pRxM6mnOPCOc0=">AAABiXicZY9LS8NAFIXv1Fdt1cbHzk0xm7oJSSlVXAW60I1QwaSFJoTJeK1DJw8yE7GE/BK3+qP8N8a2m9iz+jj3HjgnTAWXyjR/SGNnd2//oHnYah8dn3S00zNXJnnG0GGJSLJpSCUKHqOjuBI4TTOkUShwEi5Gf/fJO2aSJ/GzWqboR3Qe81fOqKqsQOs8dj2FH6ro9u7RvS4DTTcNc6XuNlgb0O0LWGkcaMx7SVgeYayYoFLOLDNVfkEzxZnAsuXlElPKFnSOBYvCjM/fVM2dVRjTCKVfrObUIyJXy7JVtbL+d9gGt29YQ2P4NNDt/roeNOESrqAHFtyADQ8wBgcY5PAJX/BN2sQit+Ru/dogm8w51ERGv/gNZok=</latexit>

M (GeV)

<latexit sha1_base64="NQ0+NB8BxdDes1Wtx9GyitPfDhA=">AAABenicZY7LSsNAFIbP1FuMt6hLN9JsFDEkpdRtwIUuq5i20IYyGU/j0MmFmYlQQt/Arb6b7+LCmHYT+68+/nN++KJccKVd95u0trZ3dveMffPg8Oj4xDo9G6iskAwDlolMjiKqUPAUA821wFEukSaRwGE0v/+7D99RKp6lL3qRY5jQOOUzzqiuqufbh6llu45b53ITvDXYvgF1+lOLTV4zViSYaiaoUmPPzXVYUqk5E7g0J4XCnLI5jbFkSSR5/KYb7bjClCaowrL2b05EoRdLs7Ly/jtswqDjeD2n99S1/c5KDwy4gDZcgQd34MMj9CEABjP4gE/4gh/SJtfkZvXaIuvNOTRCur/H1GJE</latexit>

�G



Parameterizing Resonances
<latexit sha1_base64="chDDXUMSHH9YMc/l3OesFn+SY0g=">AAAB7XicZZDLTgIxFIZbrzDeRl26qbKBSMgMGtxoQmJCXGIil4TipFPK2NC5pC2GcTKP4c649Zl4Gh0GNsi/+vr3nOTLcSPBlbasOdza3tnd2y8UjYPDo+MT8/Ssq8KppKxDQxHKvksUEzxgHc21YP1IMuK7gvXcyePiv/fOpOJh8KLjiA194gV8zCnRWeWYCisqk1ZanlVRXEUfFfSADCzYWJcRHktCk1Z5VkmTWYqw5N6brrwm+BITkRrY5Z4nBoaNrhF1bLQYRMaC6xnHlRxvlvXqjeko1MoxS1bNyoM2wV5BqVkAedqOSfEopFOfBZoKotTAtiI9TIjUnAqWmUwViwidEI8l1Hdzz7V2kGFAfKaGSX6y9RUx1XFqZFb2f4dN6NZrdqPWeL4tNe+XeqAALsAVKAMb3IEmeAJt0AEUzMEvLMAiDOEn/ILfy9EtuNo5B2uBP38uSoVQ</latexit>

F(x, y , z) =
✓
F (x)

x

◆↵ 
1 + c1F (x) + c2F (y) + c3F (x)F (y) + · · ·

<latexit sha1_base64="NyjYqznv2RIR8zbKRYydN2snlgM="></latexit>

+
X

a

Sa

✓
1

x � �a
+
1

�a

◆

+
X

b

Ta

✓
1

y � ⌧b
+
1

⌧b

◆

+
X

c

Uc

✓
1

z � µc
+
1

µc

◆�

<latexit sha1_base64="MeR/XzUlUo4wcUjZ9i076vdmet0=">AAABr3icZY/LSsNAFIbP1Futt6hLN4Pd1IU1KVo3CgUXuhEq2As0bTwZp3Ho5MLMRCihT+LTuNUn8G2MaTe1/+Lw8f/nwH/8RAptbPuHlNbWNza3ytuVnd29/QPr8Kir41Qx3mGxjFXfR82liHjHCCN5P1EcQ1/ynj+5+8t771xpEUfPZprwYYhBJMaCocktz7pytfCQ3lJ3rJBloYejxix7zAd1fRHUqEPPqaDuPXp4kaeFe+ZZVbtuF6Kr4Cyg2ipDobZnMfc1ZmnII8Mkaj1w7MQMM1RGMMlnFTfVPEE2wYBnLPSVCN7MkjvIMcKQ62FWPL18IlMznVXyVs7/DqvQbdSdZr35dFlt3czrQRlO4BRq4MA1tOAB2tABBh/wCV/wTRzSIyPyMl8tkcXNMSyJiF8gtnQV</latexit>

�a =
m2a
M2

�
1� i�a/ma

�

<latexit sha1_base64="f0887P3oA5kubESGwXLqeXqRZL8=">AAABpnicZY/PTsJAEMZn8R/Wf1WPXhq5cDCkJQYvHki8eNFgtEBCsW7XATfsts3u1oQUXsKn8apv4dtYCxfku8wv38xkvolSwbVx3R9S2djc2t6p7lp7+weHR/bxSVcnmWLos0Qkqh9RjYLH6BtuBPZThVRGAnvR5Oav33tHpXkSP5lpikNJxzEfcUZNYYX2RSBwZGZOMFKU5Y8hde6em/NchrQoTqD4+M3MrEBoLh0vtGtuwy3lrIO3hFq7CqU6oc2C14RlEmPDBNV64LmpGeZUGc4Ezq0g05hSNqFjzJmMymsr7qDAmErUw7z8dXVFZGY6t4pU3v8M69BtNrxWo/VwWWtfL+JBFc7gHOrgwRW04RY64AODD/iEL/gmdXJPfNJbjFbIcucUVkRefgEcVHKK</latexit>����
SaM2

m2a

���� <⇠ 1

<latexit sha1_base64="EOXTuj05041u+7mk+X67LWRPt9w=">AAABlXicZY/NTsJAFIXv4B/iX9WFCzaNbFyR1hjYSNJEY9yJiQUSSprpeMUJM9NmZmokDQufxq0+jm9jBTbIWX05956bc5NMcGM974dUNja3tnequ7W9/YPDI+f4pGfSXDMMWSpSPUioQcEVhpZbgYNMI5WJwH4yufmb999QG56qJzvNcCTpWPEXzqgtrdipy5i6HTey+G4LjSZVVDF0JTVmFjsNr+nN5a6Dv4RGUIW5urHDoueU5RKVZaK8MPS9zI4Kqi1nAme1KDeYUTahYyyYTDQfv9oVd1iiohLNqJi/thoRuZ3OamUr/3+HdehdNv1Ws/V41QiuF/WgCnU4hwvwoQ0B3EMXQmDwAZ/wBd/kjHTILblbrFbIMnMKKyIPv9LmbFs=</latexit>

ma = resonance mass
<latexit sha1_base64="MzWozbTTsuKLP2QMRXylfdNapto=">AAABmHicZY9LS8NAFIXv1FeNr6g7BQl246okInWjEHBR3VWxD2hKmEyv7dDJJMxM1BKy89e41T/jv7Gm3dSe1ce598A5USq4Nq77Qypr6xubW9Vta2d3b//APjzq6CRTDNssEYnqRVSj4BLbhhuBvVQhjSOB3Why93fvvqLSPJHPZpriIKYjyV84o2ZmhfZZ0KQhdW6dwOC7yRXqRFLJ0HnjQzMuQrvm1t1Szip4C6j5VSjVCm0WDBOWxSgNE1TrvuemZpBTZTgTWFhBpjGlbEJHmLM4Unw0Nktuf4aSxqgHebluOSIyMy2sWSvvf4dV6FzWvUa98XhV82/m9aAKp3AOF+DBNfhwDy1oA4MP+IQv+CYnxCdN8jB/rZBF5hiWRJ5+AXT0bXw=</latexit>

�a = resonance width

<latexit sha1_base64="jVuKwXnxsCQYP/wh3ralTn6ln9k=">AAABhXicZY/NSsNAFIXv1J/W+Bd16Ubsxo0hkVI3ggE3LiuYttCEMhmvcehkkmZuxBLyHG71sXwba9tN7Vl9nHsPnBPnShpy3R/W2Nre2W229qz9g8OjY/vktG+yshAYiExlxTDmBpXUGJAkhcO8QJ7GCgfx5OHvPnjHwshMP9MsxyjliZavUnCaW1FI+EEVlVrqpB7bbddxF7rYBG8Fbb8FC/XGtghfMlGmqEkobszIc3OKKl6QFAprKywN5lxMeIKVSONCJm+05o7mqHmKJqoWU9YjqqRZbc1bef87bEL/xvG6Tvep0/bvlvWgBedwCVfgwS348Ag9CEDAFD7hC75Zk12zDusuXxtslTmDNbH7X/8xZvc=</latexit>

tuning

<latexit sha1_base64="IcSoW5RcOBMZycbFAphgVXSLCrQ=">AAABinicZY9NS8NAEIZn61eNVaMevYi9eApJkYroIaAHjxXsBzQlbNYxLt18sDspltB/4lX/k//G2PYS+54eZuaFZ6JcSUOu+8MaW9s7u3vNfeugdXh0bJ+cDkxWaIF9kalMjyJuUMkU+yRJ4SjXyJNI4TCaPvzthzPURmbpC81znCQ8TuWbFJyqUWjbAeEHlUUqiWtJ80Vot13HXeZiE7w1tP0mLNMLbRG8ZqJIMCWhuDFjz81pUnJNUihcWEFhMOdiymMsRRJpGb9TbTquMOUJmkm5/KdeUUUlZVVW3n+HTRh0HK/rdJ+v2/79Sg+acA6XcAUe3IAPT9CDPgiYwSd8wTdrsQ67ZXer0wZbd86gFvb4C1lcaJo=</latexit>

unitarity

<latexit sha1_base64="t2G/APzFk7xDK989a8K7tt04zlA=">AAABx3icZZBLT8JAFIXv+ER81cfOTSMbN5KWENy4IHGBLkgwyiOh2NwOA06YPtKZEsmkC3+Tv4at/hFrywY5m3vy3XsyJ+NFgktlWUuytb2zu7dfOigfHh2fnBpn5z0ZJjFlXRqKMB54KJngAesqrgQbRDFD3xOs780e/vb9OYslD4NXtYjYyMdpwCecosqQa7SdSYxUv7hott9qqfZdzEa5oK2M6fFtPU213XAinnEhuW8WW6eFLuaJ1Cy47RoVq2rlMjeNvTKV5iXk6rgGdcYhTXwWKCpQyqFtRWqkMVacCpa9l0gWIZ3hlGnqezGfvqs1OsxsgD6TI51/xnpEJGqRlrNW9v8Om6ZXq9qNauO5XmneF/WgBFdwDTdgwx004RE60AUKX7CEb/ghTyQkc/JRnG6RVeYC1kQ+fwFvW3+u</latexit>

SaM2

m2
a

GMd�4

16�
<�

�a
ma

<� 1



Adding Resonances

<latexit sha1_base64="NQ0+NB8BxdDes1Wtx9GyitPfDhA=">AAABenicZY7LSsNAFIbP1FuMt6hLN9JsFDEkpdRtwIUuq5i20IYyGU/j0MmFmYlQQt/Arb6b7+LCmHYT+68+/nN++KJccKVd95u0trZ3dveMffPg8Oj4xDo9G6iskAwDlolMjiKqUPAUA821wFEukSaRwGE0v/+7D99RKp6lL3qRY5jQOOUzzqiuqufbh6llu45b53ITvDXYvgF1+lOLTV4zViSYaiaoUmPPzXVYUqk5E7g0J4XCnLI5jbFkSSR5/KYb7bjClCaowrL2b05EoRdLs7Ly/jtswqDjeD2n99S1/c5KDwy4gDZcgQd34MMj9CEABjP4gE/4gh/SJtfkZvXaIuvNOTRCur/H1GJE</latexit>

�G

0.6 Plot 6

Figure 6: Plot 6
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<latexit sha1_base64="XHeMzNGa9m1nQ8pRxM6mnOPCOc0=">AAABiXicZY9LS8NAFIXv1Fdt1cbHzk0xm7oJSSlVXAW60I1QwaSFJoTJeK1DJw8yE7GE/BK3+qP8N8a2m9iz+jj3HjgnTAWXyjR/SGNnd2//oHnYah8dn3S00zNXJnnG0GGJSLJpSCUKHqOjuBI4TTOkUShwEi5Gf/fJO2aSJ/GzWqboR3Qe81fOqKqsQOs8dj2FH6ro9u7RvS4DTTcNc6XuNlgb0O0LWGkcaMx7SVgeYayYoFLOLDNVfkEzxZnAsuXlElPKFnSOBYvCjM/fVM2dVRjTCKVfrObUIyJXy7JVtbL+d9gGt29YQ2P4NNDt/roeNOESrqAHFtyADQ8wBgcY5PAJX/BN2sQit+Ru/dogm8w51ERGv/gNZok=</latexit>

M (GeV)

<latexit sha1_base64="PJr4oQB5hU2Z9svLRlFHc5m5hZo=">AAABjnicZY9LT8JAFIXv4KvWV33s3Bi7wYWkJQRXxiZuWGJCgYTWZjpeccL0kc7UiE39LW71H/lvrIUNclZfzr0nOSdMBZfKsn5IY2Nza3tH29X39g8Oj4zjk6FM8oyhyxKRZOOQShQ8RldxJXCcZkijUOAonN3/3UevmEmexAM1T9GP6DTmz5xRVVmBcda0rQ9P4ZsqBjgsrx6L63YZGKbVsmpdrIO9BNPRoFY/MJj3lLA8wlgxQaWc2Faq/IJmijOBpe7lElPKZnSKBYvCjE9f1Io7qTCmEUq/qDetRkSu5qVetbL/d1iHYbtld1vdh47ptBf1QINzuIQm2HADDvSgDy4weIdP+IJvYpAuuSV3i9cGWWZOYUWk9wsC12jD</latexit>

(10 TeV)�2


