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Measurement = Search
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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.
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• All SM parameters known to 1% (or better)
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) LHC measurement program = search for new physics
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Any observed deviation from the SM
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• New “no lose” theorem:
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) new physics at a known scale (unitarity)
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• Scale of new physics is low even for most precise LHC measurements
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(LEP : E ' MZ , precision ⇠ 10�3)
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E <⇠ 3 TeV, precision >⇠ 10
�2



Measurement = EFT
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• EFT is the natural language for reporting precision measurements
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• No sensible agreed-upon methodology for performing measurements
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The truncation of the standard-model e�ective field theory (SMEFT), its validity and
the associated uncertainties have been discussed in a dedicated meeting on January 19,
2021. Answering a call issued beforehand, three proposals were presented: A, B, and C .
A preliminary version of the present note summarizing them was written by the editors,
submitted for feedback to the proponents, and presented at the May 3 general meeting.
Comments from the wider community were collected in an online document. Experimental
collaborations provided formal feedback during a second dedicated meeting on June 28.
The first version of this summary note was released on January 12, 2022. Proposal D
was circulated on May 18 and comments collected, ahead of the May 23 general meeting.
Extensive discussions took place with the whole community but no consensus emerged.
None of the proposals has been approved or validated. No recommendation is therefore
put forward at this time and this note only aims at summarizing the di�erent points
raised at meetings. Further work is needed to establish a prescription. In particular, the
benchmarking of the di�erent proposals on the working-group fitting exercise has been
proposed and discussed.

1 Common ground

There are various points of agreement between proponents of various schemes for dealing
with truncation uncertainties. Most participants agree that:

1. most near-future experimental analyses will not aim at probing simultaneously both
dimension-six and dimension-eight operator contributions. The SMEFT truncation
of interest is then at the level of dimension-six operators.

2. although they only constitute a partial set of 1/�4 corrections, the squares of ampli-
tudes featuring a single dimension-six operator insertion provide a convenient proxy
to estimate 1/�4 corrections, as they are well defined and unambiguous. They are
indeed gauge invariant and can be translated exactly from one dimension-six operator
basis to the other. See Appendix A for more detailed statements.

3. estimating the relative contributions of dimension-six and dimension-eight opera-
tors requires a power counting covering a given range of new-physics scenarios and
depends on its parameters (e.g. mass scales and couplings). Being able to com-
pute the dimension-eight dependence of observables is insu�cient, as a prescription
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Framework
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<latexit sha1_base64="s+DbjrjS6JiTxSGUxCTKv7zFTUc=">AAAB2nicZZA7T8MwFIVveJbwCjCyRHRhqhIEZWGoYGFBKip9SE1VHPc2terYkeMgVVEWNsTKb+I/8B9YYca0lVDpmT4d33t8dMOEs1R73oe1srq2vrFZ2rK3d3b39p2Dw1YqM0WxSSWXqhOSFDkT2NRMc+wkCkkccmyH45vf9/YTqpRJ8aAnCfZiEgk2ZJRoY/WdxyDEiIk8ZoIlJMKiq3v5BROF3UCi6MgdSuVKge51486VCSqijUG0S1zNYrQDIUPz3zg3wMQAhS4CFIO/vL5T9ireVO4y+HMo10owVb3v0GAgaRabKMpJmnZ9LzGdiNKMcizsIEsxIXRswnMah4pFI73gdg0KEmPay6f3WVzhmZ4Utmnl/++wDK2zil+tVO/Py7WrWT0owTGcwCn4cAk1uIU6NIHCO3zCF3xbgfVsvVivs9EVa75zBAuy3n4Ad4SJVw==</latexit>

Search for one BSM operator at a time
<latexit sha1_base64="q1uOxsbxY9gFibahVeRhCgmcwfs=">AAABwnicZZBLS8NAFIXv1FeNr6hLN8FuBKEkInWjUHzRhWLFvqApYTKO6djJw5mJWGL+kr/GjQv9Lca0grFndTj3O3C4bsSZVKb5gUpz8wuLS+VlbWV1bX1D39zqyDAWhLZJyEPRc7GknAW0rZjitBcJin2X0647Ovu5d5+pkCwMWmoc0YGPvYA9MIJVFjl6w5ZEJFepYyv6opKLy1ZqnBjF8O461fYN7y+SAze/wGlGOHrFrJq5jFljTU2lXoZcTUcn9n1IYp8GinAsZd8yIzVIsFCMcJpqdixphMkIezQhviuYN1SFtJ/ZAPtUDpL8D8UKj9U41bJV1v8Ns6ZzULVq1drtYaV+PJkHZdiBXdgDC46gDg1oQhsIvME7fMIXOkeP6AnJCVpC0842FIRevwHZ0H78</latexit>

LEFT = LSM + gEFTOBSM

<latexit sha1_base64="NU5DzhVOeliiuZ6CjVNciFcsh64=">AAAB0XicZZBLS8NAFIVvfNb4irp0E2wXrkoiWjcuCqK4ESr2BU0pk8k1Dp1MQmailBAQt/4mf4hrt/ofHNOC1J7Vxz33Hg7XTziTynE+jKXlldW19cqGubm1vbNr7e13ZZylFDs05nHa94lEzgR2FFMc+0mKJPI59vzx5a/fe8JUsli01STBYURCwR4YJUqPRlbP8zFkIo+YYAkJsRioYX7GRGFeXbdtX0eNpR3Ez8ImypaUcLRrtzXTE3Hp5RqYCFCowkMR/MWMrKpTd0rZi+DOoNqsQKnWyKJeENMs0lGUEykHrpPoKiRVjHIsTC+TmBA61uE5jfyUhY9qbjrQKEiEcpiXb5k/4ZmaFKZu5f7vsAjdk7rbqDfuTqvNi2k9qMAhHMExuHAOTbiBFnSAwjt8whd8G/fGxHgxXqerS8bs5gDmZLz9AMK6hSw=</latexit>

EFT breaks down at scale M
<latexit sha1_base64="8uy9N1uxo9uWwJKHsmtWFLTWWmw=">AAAB93icZZDLSsNAGIVnvLbxFtulm8FuBKEkRepGoSiKm0LF3qCJYTKdpkMnF2YmYgl5Fnfi1sdx7YuYptnEntWZb86Bw+9GnEllGD9wa3tnd2+/UtUODo+OT/TT2lCGsSB0QEIeirGLJeUsoAPFFKfjSFDsu5yO3MX96n/0RoVkYdBXy4jaPvYCNmMEqww5empJIpJu6liKvqvk7qWbarfIK54Pj/0UWXOskiJWylku8zw+QSa6RMQxkTUTmCQyTbqvrVRbsVbB1JplOYtMQyVRXhW2ozeMppELbRqzMI1OBeTqOTqxpiGJfRoowrGUE9OIlJ1goRjhNJsUSxphssAeTYjvCubNVYlOMhtgn0o7yY9XrvBYLVMtW2X+37Bphq2m2W62n68anZv1PFABZ+AcXAATXIMOeAI9MAAE/MIqrME6XMIP+Am/1tEtWHTqoCT4/Qcq/49w</latexit>

MBSM = gEFTM̂BSM


1 + c1

s

M2
+ c2

t

M2
+ · · ·

�

<latexit sha1_base64="8bcIxke4WB+hnxBzdp/zxUfvkrk=">AAABy3icZVDLSsNAFL1TXzW+oi7dBLsRxJKUUhdaKOjCTaEF+4Amlsl0GodOHsxMhBqzFPwPP8KVH+LCrf6GsSlC7Vlczj3nHjhcN+JMKtP8QIWV1bX1jeKmtrW9s7un7x90ZRgLQjsk5KHou1hSzgLaUUxx2o8Exb7Lac+dXP36vQcqJAuDWzWNqONjL2BjRrDKpKHeTtK6dmaPBSaJd1dJk2Y2DNtlnscHmmWcGrkn587fnt9WUy1TyChUMg8JZ6iXzLI5g7FMrDkpNervLxev1/XWUCf2KCSxTwNFOJZyYJmRchIsFCOcppodSxphMsEeTYjvCubdqwV1kNEA+1Q6yewhixEeq2mqZa2s/x2WSbdStmrlWjurdwk5inAEx3ACFpxDA26gBR0g8Aaf8AXfqIkkekRP+WkBzTOHsAD0/APrGoLA</latexit>

= �
g2

M2


1 +

s

M2
+
s2

M4
+ · · ·

�

<latexit sha1_base64="nFNDY4ON69LhDUddSwrmm7D8NBs=">AAAB2HicZZDLSsNAFIZP6q3GW9Slm2A3QqFkuqgLLRR04UaoYC/YpGEyncbByYWZiVBCwJ269RV8Dne+hK/gVh/AtOmm9l/95zvnh5/jxZxJZVlfWmlldW19o7ypb23v7O4Z+wddGSWC0A6JeCT6HpaUs5B2FFOc9mNBceBx2vMeLqb73iMVkkXhrZrE1AmwH7IxI1jlyDWGadbU7bHAJPWH9SxFDTtmw7p5nQ+m7THf5wMdmVWTuMgs7mSWzrZTVp8zVTC9atpkFClZRIXjGhWrZs1kLhs0N5VW8+Pl7P2y2XYNYo8ikgQ0VIRjKQfIipWTYqEY4TTT7UTSGJMH7NOUBJ5g/r1aoIPchjig0kln31mM8ERNMj1vhf53WDbdeg01ao2bvN45FCrDERzDCSA4hRZcQRs6QOATvuEHfrU77Ul71l6L05I2zxzCgrS3Py3Ihvc=</latexit>

=
g2

16⇡2M2


1 + c1

s

M2
+ c2

t

M2
+ · · ·

�

<latexit sha1_base64="MJoA0QAKIBQjzMTRewmyTAPFv/w=">AAACAHicZZDNSgMxEMeT+lXXr1qP9RDsHjxI2S1aLwoFL16EKlaFblmy6VhDs8mySatl2YsHn8WbePVNfAcfwlgLUvs//ZjMTH5MlAiujed94sLC4tLySnHVWVvf2NwqbZdvtBqmDNpMCZXeRVSD4BLahhsBd0kKNI4E3EaDs5/32xGkmit5bcYJdGPal/yeM2psKSy9BBH0ucxiLnlC+5B3TDc74jJ33AuXnJKYak3UPXkAOhqThKaGMwGOG1zx/oOhaaoeXQJPCTBDXBb6B4SF9QMSiJ4ymgSax8R3nUCqyFoNMgtc9kCaPADZ+/s1LFW9mjcJmQd/CtVmEU3SCkss6Ck2jO0qJqxjx/cSaz71y51gqCGhbGCXZyyO0h/bmWrHoqQx6G42ueLsiBiace5YK/+/wzzc1Gt+o9a4PKw2T371UBFV0B7aRz46Rk10jlqojRj6wmVcwbv4Gb/iN/z+21rA05kdNBP88Q2R9pNP</latexit>

M = mass of heavy particle ) expect c1, c2, . . . ⇠ 1

<latexit sha1_base64="s6J3e3MXdFgHfWZBZiiICrnZPRY=">AAABwHicdZBLS8NAFIVvfNb4irp0E+xGKJRJkNiCi6IgboQK9gFNDZPptBk6ycSZiVBD/pG/xp3ojzF9uOjCszp8517u4YYpZ0oj9GVsbG5t7+xW9sz9g8OjY+vktKtEJgntEMGF7IdYUc4S2tFMc9pPJcVxyGkvnN7N894blYqJ5FnPUjqM8SRhY0awLlFg3ftZMqIylJjQ3I/SCCdaxDkJHNsflzBXRf744hZmzSaBu2J6yeya7ZOR0KooAquK6qiU59lz4zSQU5pms+G6TdtZRAhVWxVYqB1YxB8JksU00YRjpQYOSvUwx1Izwmlh+pmiKSZTPKE5iUPJJpFeo4PSJjimapgvvrC+wjM9K8yy1d9p+3/TdeuOV/eerqqtm2U9qMA5XMAlOHANLXiANnSAwAd8wjf8GLdGZAjjdTm6Yax2zmBNxvsvQvl95A==</latexit> | {z }
<latexit sha1_base64="KgQVziRuI3sbTvaGh2MgbpQOmo4=">AAABmnicdU+7TgJBFL2DL8TXqqUWGymwIrPErGxHtNHYYMIrAQKz4xUnzD4yM2skm239Glv9F//GXdCCwlOdnEfuuX4shTaUfpPSxubW9k55t7K3f3B4ZB2f9HSUKI5dHslIDXymUYoQu0YYiYNYIQt8iX1/flv4/VdUWkRhxyxiHAdsFopnwZnJpYlljwy+mXQ6TUJR5Jis1WweKYW8COhsYlVpneZwXbsgTpM6OfG8ZqPh2c7SorTaKsMS7YnFR08RTwIMDZdM66FDYzNOmTKCS8wqo0RjzPiczTDlga/E7MWsqcOchixAPU6X/61XZGIWWSVf9Xfa/p/0GnXHrbuPV9VWczUPynAGF3AJDlxDC+6gDV3g8A4f8Alf5JzckHvysIqWyG/nFNZAOj+3dm88</latexit>

“universal” corrections



Data Clipping
<latexit sha1_base64="40JNmo1uptcVSBQqs8jjZiULqfE=">AAAB/XicZZDNSgMxFIUTf+v406obxU2wG1dlRrBuXBREcVnRWqFTSiZznYYmmSHJVMowuPBZ3Ilbn8VH8C2MrSDVszrck3vuR6JMcGN9/wMvLC4tr6xW1rz1jc2tam17586kuWbQYalI9X1EDQiuoGO5FXCfaaAyEtCNRuffeXcM2vBU3dpJBn1JE8UfOKPWjQa15zCChKtCcsUzmkDZs/3ihKvSuwGq2ZDI3FgSAdFgrObMQkxsSuwQyMidlK6GuSzhErzHIWiYRheXt4QbMqaCx16o0sghjQpnuIpB2TIEFf+eHNTqfsOfivw3wY+ptypoqvagxsI4Zbl0VUxQY3qBnzlsqh2MgNILcwMZZSNXXjAZaZ4M7dy056yiEky/mH7h/IrI7aT0HFXwl+G/uTtuBM1G8/q43jqb4aEKOkCH6AgF6BS10BVqow5i6BNX8R7ex0/4Bb/it9nTBfyzs4vmhN+/ABDzlMY=</latexit>

Search must be restricted to the kinematic regime where the EFT is valid

<latexit sha1_base64="KNOUY/g41LSVYSoJXRX5BTSN71g=">AAAB6HicZZDLSsNAFIZnbNUab1GXboLNwlVJCtaNYEEEN0IVe4GmhJnJsY6dTEJmopaQd3Anbn0mN76KK2NakNp/9XEu//k5NBZcacf5wiuV6uraem3D2Nza3tk19/Z7KkoTBl0WiSgZUKJAcAldzbWAQZwACamAPp1c/Pb7T5AoHsk7PY1hFJKx5PecEV2UfFN6FMZcZiGXPCZjyId6lJ1wmRu2R1MhQNvWLYhy2qKgnwGkZV/6noYXnTHB49w2iAws+9o+NzwZ0eL6JCuAywCkzj2QwZ+7b9adhlPKWgZ3DvV2DZXq+CbzgoilYWHFBFFq6DpxkZAkmjMBueGlCmLCJoV5xkKa8PGDXqgOC5QkBDXKym8trohUT3OjSOX+z7AMvWbDbTVaN816+2wWD9XQITpCx8hFp6iNrlAHdRFDn+gbV3AVP+JX/IbfZ6MreL5zgBaEP34ANfmMgw==</latexit>

• Relation between Eclip and M?

<latexit sha1_base64="T7CZ0SS+Ed3maHWrKsCotFDw6yY=">AAAB6XicZZDLSsNAFIZnaqs13qIu3QTbhauSFKwbwYIblxV6g6aUyfSYDpnMhMlELSEP4U7c+kwufBY3Ti8gtf/q41z+83OChLNUu+43Lu2UK7t71X3r4PDo+MQ+PeunMlMUelRyqYYBSYEzAT3NNIdhooDEAYdBEN0v+oNnUCmToqvnCYxjEgr2xCjRpjSxpR9AyEQeM8ESEkIx0uP8monCqvtBxjnoutM1htrRM5Bq7oBSUjkvTM8cC14TUCwGoQl3aKbvLF/IwExHuQEmpqZT+CCmf/YTu+Y23KWcbfDWUGtX0VKdiU39qaTZ4gjlJE1HnpuYiERpRjkUlp+lkBAaGfOcxoFi4UxvVEcGBYkhHefLd22u8EzPC8uk8v5n2IZ+s+G1Gq3HZq19u4qHqugCXaIr5KEb1EYPqIN6iKIv9IPLuIIj/Ibf8cdqtITXO+doQ/jzF0yJjgs=</latexit>

• Treat theory error with experimental cut?
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Figure 17: Evolution of the expected and observed confidence intervals of the EFT anomalous
coupling parameters in terms of the cutoff scale given by different restrictions in the M(WZ)
variable. For each point and parameter, the confidence intervals are computed imposing the ad-
ditional restriction of no anomalous coupling contribution over the given value of the M(WZ)
cutoff. The last point is equivalent to no cutoff requirement being imposed. The parameters
considered are: cW (top), cWWW (middle) and cb (bottom).
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CMS-SMP-18-002

Measurements of the pp ! WZ inclusive and differential
production cross sections and constraints on charged

anomalous triple gauge couplings at
p

s = 13 TeV

The CMS Collaboration⇤

Abstract

The WZ production cross section is measured in proton-proton collisions at a centre-
of-mass energy

p
s = 13 TeV using data collected with the CMS detector, correspond-

ing to an integrated luminosity of 35.9 fb�1. The inclusive cross section is measured to
be stot(pp ! WZ) = 48.09+1.00

�0.96 (stat)+0.44
�0.37 (theo)+2.39

�2.17 (syst) ± 1.39 (lumi) pb, resulting
in a total uncertainty of �2.78/+2.98 pb. Fiducial cross section and ratios of charge-
dependent cross section measurements are provided. Differential cross section mea-
surements are also presented with respect to three variables: the Z boson transverse
momentum pT, the leading jet pT, and the M(WZ) variable, defined as the invariant
mass of the system composed of the three leptons and the missing transverse momen-
tum. Differential measurements with respect to the W boson pT, separated by charge,
are also shown. Results are consistent with standard model predictions, favouring
next-to-next-to-leading-order predictions over those at next-to-leading order. Con-
straints on anomalous triple gauge couplings are derived via a binned maximum
likelihood fit to the M(WZ) variable.

Published in the Journal of High Energy Physics as doi:10.1007/JHEP04(2019)122.
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⇤See Appendix A for the list of collaboration members
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<latexit sha1_base64="pPKHcUUeypQEmUc8NFN8Q7MZMdE="></latexit>

Constraint stable for large Eclip ) evidence that it is coming from
low energy events

<latexit sha1_base64="t5F0D353FZh4lUMuuzYzdcOrbEM=">AAAB7nicZZDLSsNAFIZn6q2Nt6hLN8F24UJCUrBuRApS0F2F3qApYTI9xqGTyZCZSEuIj+FO3PpK+jSmF5Daf/VxZv45HxNIzpR2nG9c2tre2d0rV4z9g8OjY/PktKfiNKHQpTGPk0FAFHAmoKuZ5jCQCZAo4NAPJvfz8/4rJIrFoqNnEkYRCQV7ZpToYuSb2gsgZCKLmGCShJAP9Si7ZiI3HiMZKzBgKiFhEQhNuEVTfWVlHtMW2KGdv9Vafse6s1q+p2GqM8qZzGuGJ+KgcJhkBTAxLqq5B2L8t8M3q47tLGJtgruCarOMFmn7JvXGMU3nFpQTpYauIwtPkmhGOeSGlyqQhE6KxzMaBQkLX/TadFigIBGoUbb4s/UKT/UsNwor97/DJvTqttuwG0/1avN2qYfK6BxdoEvkohvURA+ojbqIoh+McAUbWOJ3/IE/l1dLeNU5Q2vBX7/9MY6F</latexit>

Impose experimental cut, e.g. ET > Eclip

<latexit sha1_base64="zdCCLgTkKnxjl2JSvbxYKB0e+FQ=">AAAB83icZZBPS8MwGIcTdTqrblWPXorrwdNoB86Lh4EIHifsH6xjJNnrFpYmNUmVUfpJvIlXP5Anv4p1G8jc7/TwJr83D6GJ4MYGwRfe2d0r7R+UD52j45NK1T096xmVagZdpoTSA0oMCC6ha7kVMEg0kJgK6NP53e95/wW04Up27CKBUUymkj9xRmwxGruLiMKUyyzmkidkCvnQjrJrLnPHj2gqBFjfayulPaa0BrFseRTsK4D0/Ptxx/ccIieeH5lnbbNoRmxm8tx3IqloITLPCuByAtLmEcjJ30NjtxbUg2W8bQjXUGuV0TLtscuiiWJpXKxighgzDIOkkCXaciYgd6LUQELYvFiesZhqPp3ZjemwQEliMKNs+XGbFZHaRe4UVuF/h23oNephs958bNRatys9VEYX6BJdoRDdoBZ6QG3URQx94xKu4CpO8Rt+xx+rqzt43TlHG8GfP0RIkF8=</latexit>

• Poor correlation between ET and
p
ŝ



Model Clipping
<latexit sha1_base64="US7IqhDvBHWzMmzQy2L7z/KBttI=">AAAB8HicZZBNSwMxEIaT+lW3VVc9ellsD57KbpF6ESmK4EWo2C/olpJNp21oNrsm2WJZ9n94E6/+I8EfY2wLUvueHiYzk4cJYs6Udt0vnNva3tndy+9bheLB4ZF9fNJWUSIptGjEI9kNiALOBLQ00xy6sQQSBhw6wfTu970zA6lYJJp6HkM/JGPBRowSbUoDe+YHMGYiDZlgMRlD1tP99JKJzGomUjjRaOTcPj86JDQyOhmCM4qkVfbVi9SpPyE6VVnm3Dj3A1/Dq04pZ3FWtnwRBcZimhpgYghCZz6I4d8vA7vkVtxFnE3wVlCq59EijYFN/WFEk9Csopwo1fPc2JgSqRnlkFl+oiAmdGqWpzQMJBtP9Fq1Z1CQEFQ/XVxtfYQnep5Zxsr777AJ7WrFq1VqT9VS/Xqph/LoDJ2jC+ShK1RHD6iBWoiib5zDBVzEEr/hd/yxbM3h1cwpWgv+/AEYeY/q</latexit>

Turn o↵ BSM amplitude for
p
ŝ > Eclip

<latexit sha1_base64="M+y9xrmjK9u9ptjusZcVuYHBH5I=">AAAB+3icZZDLahsxFIal3OpObk4C7aKbIfYiKzNjQrpJwRAKWaZQX8AyRiOf2MIajSKdCTWDFnmW7EK2fZg8QV6jqhMorv/Vx5H+ow9lRkmHSfJCNza3tnc+1D5Gu3v7B4f1o+OeK0oroCsKVdhBxh0oqaGLEhUMjAWeZwr62fzq73n/HqyThf6JCwOjnE+1vJWCYxiN6w8sg6nUVS61NHwKfoij6lxqHzVZVioF2Iy72swWLlRU7GbcmugWOJYWYo5xk7k7ixWbcayc9/G3+PuYIfzCSihpfDNiusiC0LwKIPUENHoGevLvwXG9kbSSZeJ1SN+h0amRZW7GdcEmhSjzsEoo7twwTUyQ5halUOAjVjowXMzD8krkmZXTGa5MhwE1z8GNquUHrlZUiQsfBav0f4d16LVb6UXr4ke70bl80yM18oWckjOSkq+kQ67JDekSQV7pPv1EP1NPH+kTfX67ukHfOydkJfT3H3f5lLA=</latexit>

• Unphysical sharp feature at
p
ŝ = Eclip

<latexit sha1_base64="KNOUY/g41LSVYSoJXRX5BTSN71g=">AAAB6HicZZDLSsNAFIZnbNUab1GXboLNwlVJCtaNYEEEN0IVe4GmhJnJsY6dTEJmopaQd3Anbn0mN76KK2NakNp/9XEu//k5NBZcacf5wiuV6uraem3D2Nza3tk19/Z7KkoTBl0WiSgZUKJAcAldzbWAQZwACamAPp1c/Pb7T5AoHsk7PY1hFJKx5PecEV2UfFN6FMZcZiGXPCZjyId6lJ1wmRu2R1MhQNvWLYhy2qKgnwGkZV/6noYXnTHB49w2iAws+9o+NzwZ0eL6JCuAywCkzj2QwZ+7b9adhlPKWgZ3DvV2DZXq+CbzgoilYWHFBFFq6DpxkZAkmjMBueGlCmLCJoV5xkKa8PGDXqgOC5QkBDXKym8trohUT3OjSOX+z7AMvWbDbTVaN816+2wWD9XQITpCx8hFp6iNrlAHdRFDn+gbV3AVP+JX/IbfZ6MreL5zgBaEP34ANfmMgw==</latexit>

• Relation between Eclip and M?



Our Proposal

<latexit sha1_base64="Yxqe6qiNJJx3i1JOD2oYpFIf7I8=">AAAB4XicZZDLSsNAFIZP6q3GW9Wlm2C7cFWSInUjWnDjRqhgW6EpZWZ6TIdOJjEzqZSQB3Anbn0mH8DncKvg2Bak9l99nMt/fg6NBVfadT+swsrq2vpGcdPe2t7Z3SvtH7RVlCYMWywSUXJPiULBJbY01wLv4wRJSAV26Ojqt98ZY6J4JO/0JMZeSALJHzgj2pT6pcCnGHCZhVzymASYd3UvO+UytztDoh1Co1Q7OEaplfPE9dCu+Oox0ZlvupnKc+fCualc2r6MqDk7ygxwOTDjuY9y8GfbL5XdqjuVswzeHMqNIkzV7JeYP4hYGhorJohSXc+NTTSSaM4E5rafKowJGxnzjIU04cFQL1S7BiUJUfWy6ZsWV0SqJ7ltUnn/MyxDu1b16tX6ba3cOJ/FgyIcwTGcgAdn0IBraEILGLzDJ3zBt8WsZ+vFep2NFqz5ziEsyHr7AcQYjIY=</latexit>

What about events with
p
ŝ > M?

<latexit sha1_base64="X5ORNlCmZhr+g6Ho6QPUJI7ZT5I=">AAAB6XicZZC9TsMwFIXt0kIJfwVGloguTFVSobIwVGJhLFJbKjVV5TiX1IpjR7aDFEV5CDbEyjMx8CwsuD8SKj2DdXR9z9GnG2acaeN537i2V2/sHzQPnaPjk9Oz1vnFWMtcURhRyaWahEQDZwJGhhkOk0wBSUMOz2HysPx/fgWlmRRDU2QwS0ks2AujxNjRvCWDEGImypQJlpEYqqmZlbdMVM7Q1hh3weIFKFeqyL5UKgV0GdQu0a5ZgFSFmwsKyhAmTOEEQoY2l5TWMBGBMFUAIvqrn7faXsdbyd01/sa0+0200mDeokEkaZ7aKsqJ1lPfyywiUYZRDpUT5BoyQhNbXtI0VJbXbE2n1gqSgp6Vq3NtR3huisqxVP5/hl0z7nb8Xqf31G3379d4qImu0DW6QT66Q330iAZohCj6Qj+4jhs4wW/4HX+sV2t4k7lEW8Kfv7Egjx0=</latexit>

Treat higher order corrections as theory uncertainty
<latexit sha1_base64="usWY+20+NtlbY1QTOrrA89HA5TI=">AAABynicZZBLS8NAFIXv1FeNr6hLN8Vu6qYkRerGRcGNCxcV7AOaUibTaxw6mQwzE6GE7PxN/hfBrf4Ox7YgtWd1uPeew8eNleDGBsEHqWxt7+zuVfe9g8Oj4xP/9Kxvslwz7LFMZHoYU4OCS+xZbgUOlUaaxgIH8ezudz94RW14Jp/sXOE4pYnkz5xR60YTvxvFmHBZpFxyRRMsR3ZcXHNZeg2Zc0Mlw5qimqZoXcuVF8ksdv2zwhkupyhtGaGc/uUnfj1oBgvVNk24MvVOFRbqTnwWTTOWp66KCWrMKAyUY6Daciaw9KLcoKJs5soLlsaaJy92bTpyVjpAMy4W/1iPiNzOS89Rhf8ZNk2/1QzbzfZjq965XeJBFS7gEhoQwg104B660AMG7/AJX/BNHogmc1IsTytklTmHNZG3H+Gng70=</latexit>

(nuisance parameters)

<latexit sha1_base64="fDwLUkWtalOSM1WpWvEUtWm/EdA=">AAAB4HicZZDLSsNAFIZP6q3GW9Slm2C7qCAlKVI3LgqiuBEq9AZNKZPpaTp0MgkzU7GE7N2JW5/JF/A13OrC2Bak9l99nMt/fo4fc6a043wYubX1jc2t/La5s7u3f2AdHrVUNJEUmzTikez4RCFnApuaaY6dWCIJfY5tf3z9228/olQsEg09jbEXkkCwIaNEZ6W+NfR8DJhIQiZYTAJMu7qXXDCRmnWUw0iGtkIi6chmwi6Wgr6n8UknN7eN9Ny+PyuaMScCTU9EfnZ1nGTAxACFTj0Ugz/XvlVwys5M9iq4CyjU8jBTvW9RbxDRSZhZUU6U6rpOnCUjUjPKMTW9icKY0HFmntDQlywY6aVqN0NBQlS9ZPal5RU+0dPUzFK5/zOsQqtSdqvl6kOlULuax4M8nMAplMCFS6jBHdShCRTe4RO+4NvwjWfjxXidj+aMxc4xLMl4+wHgdosw</latexit>

Perform search in (gEFT,M) plane



A Tale of Three Bins
<latexit sha1_base64="j9nLdwTrrIeug4A7uvTTiLMOQeE=">AAAB2nicZZDLSsNAFIZP6q3GW9Wlm2A3rkpSpG4EC6K4rNAbNKVOJsd06GQmZCZCCdm4E7c+k+/gO7jVtWNbkNp/9XEu//k5QcKZ0q77YZXW1jc2t8rb9s7u3v5B5fCoq2SWUuxQyWXaD4hCzgR2NNMc+0mKJA449oLJ9W+/94SpYlK09TTBYUwiwR4ZJdqURpUHP8CIiTxmgiUkwmKgh/k5E4XdGxPtqLHMeOjc3LYdxSJBuBPLELljboSM6ivbFzIw9ya5ASZCFLrwUYR/fqNK1a25Mzmr4C2g2izDTK1RhfqhpFlsrCgnSg08NzGZSKoZ5VjYfqYwIXRizHMaBymLxnqpOjAoSIxqmM/+s7zCMz0tbJPK+59hFbr1mteoNe7r1eblPB6U4QRO4Qw8uIAm3EELOkDhHT7hC74t33q2XqzX+WjJWuwcw5Kstx/6UYm9</latexit>

What should EFT signal model predict?

<latexit sha1_base64="YR2JYIw//GDMpA+4vJ0sQOkMEa4=">AAABv3icdZBNS8NAEIYn9avGr6hHL8VePJVNkLS9VUTwWMF+QFPKZjPGpZtNyG4KJeQX+Ws8qn/GbatID76nh5l53xkmzARXmpAPq7azu7d/UD+0j45PTs+c84uhSouc4YClIs3HIVUouMSB5lrgOMuRJqHAUTi/X/VHC8wVT+WzXmY4TWgs+QtnVJvSzHkIQoy5LBMueUZjrCZ6Wt5yWdn9HCPONF+gHcg0NKHz0gCXEUpdBSijP9PMaZIWMfL9xgrcDnENdLsdz+s23HWLkGavDmv1Zw4LopQViYligio1cUlmFtNccyawsoNCYUbZ3ISXLAlzHr/qrerEoKQJqmm5fsK2RRR6Wdnmqt/Vjf9h6LVcv+U/ec1eZ3Me1OEKruEGXGhDDx6hDwNg8Abv8Alf1p0VW9LKNqM168dzCVuylt8WeX+c</latexit>

Predictive
<latexit sha1_base64="U+t5SzTwFjbB8X6stYVr6cP4N9Q=">AAABwHicdZBNS8NAEIYn9avGr6hHL8FePJVNkNjeioJ4rGA/oCllsx3bpZtNzG6UGvKP/DXeRH+M21aRHnxPDzPzvjNMlAquNCEfVmVjc2t7p7pr7+0fHB45xyddleQZww5LRJL1I6pQcIkdzbXAfpohjSOBvWh2s+j3njFTPJEPep7iMKYTyR85o9qURs5tGOGEyyLmkqd0guVAD4tLLktb4oubTueKM2WHMolM6qwwwOUYpS5DlOM/18ipkToxCgJ3AV6DeAaazYbvN11v2SKk1qrCUu2Rw8JxwvLYRDFBlRp4JDWbaaY5E1jaYa4wpWxmwgsWRxmfTPVadWBQ0hjVsFh+Yd0icj0vbXPV72r3f+j6dS+oB/d+rdVYnQdVOINzuAAPrqAFd9CGDjB4g3f4hC/r2ppaifW0Gq1YP55TWJP1+g27doAE</latexit>

new physics

<latexit sha1_base64="YR2JYIw//GDMpA+4vJ0sQOkMEa4=">AAABv3icdZBNS8NAEIYn9avGr6hHL8VePJVNkLS9VUTwWMF+QFPKZjPGpZtNyG4KJeQX+Ws8qn/GbatID76nh5l53xkmzARXmpAPq7azu7d/UD+0j45PTs+c84uhSouc4YClIs3HIVUouMSB5lrgOMuRJqHAUTi/X/VHC8wVT+WzXmY4TWgs+QtnVJvSzHkIQoy5LBMueUZjrCZ6Wt5yWdn9HCPONF+gHcg0NKHz0gCXEUpdBSijP9PMaZIWMfL9xgrcDnENdLsdz+s23HWLkGavDmv1Zw4LopQViYligio1cUlmFtNccyawsoNCYUbZ3ISXLAlzHr/qrerEoKQJqmm5fsK2RRR6Wdnmqt/Vjf9h6LVcv+U/ec1eZ3Me1OEKruEGXGhDDx6hDwNg8Abv8Alf1p0VW9LKNqM168dzCVuylt8WeX+c</latexit>

Predictive
<latexit sha1_base64="nIWEpPhqM0vKLVUKiFwOo5d4q/Q=">AAABw3icdZBNS8NAEIYn9avGr6hHL8FePJVNkNreCiLorYL9gKaUzXZMl2w2IbtRSshv8td48KJ/xW2rSA++p4eZed8ZJswEV5qQD6u2tb2zu1fftw8Oj45PnNOzgUqLnGGfpSLNRyFVKLjEvuZa4CjLkSahwGEY3y77wxfMFU/lk15kOEloJPkzZ1Sb0tR5CEKMuCwTLnlGI6zGelJec1nZMnUlvrrZfKE4U3Yg09AEx6UBLmcodRWgnP0Zp06DNIlRq+UuwWsTz0Cn0/b9juutWoQ0unVYqTd1WDBLWZGYKCaoUmOPZGY5zTVnAis7KBRmlMUmvGRJmPNorjeqY4OSJqgm5eoRmxZR6EVlm6t+V7v/w8Bveq1m69FvdNvr86AOF3AJV+DBDXThHnrQBwZv8A6f8GXdWbGVW3o9WrN+POewIav6BogNgR8=</latexit>

no new physics

<latexit sha1_base64="jmxmwa1Xiv3zplN6TTqDlai9g8s=">AAABuHicdY/LSsNAFIZP6q3GW9Slm2I3rsokSExdSMGNK6lgL9CUOpke49DJJGQmQgl5G5/GrW58G6etIl34rz7O5f/PiTLBlSbky6ptbG5t79R37b39g8Mj5/ikr9IiZ9hjqUjzYUQVCi6xp7kWOMxypEkkcBDNbhf9wSvmiqfyUc8zHCc0lvyZM6pNaeLchBHGXJYJlzyjMVYjPS4vuazs+1TboUwj4zYrDXA5RamrEOX0b3riNEmLGPl+YwFuQFwD7Xbgee2Gu2wR0uzUYanuxGHhNGVFYqyYoEqNXJKZRJprzgRWdlgozCibGfOSJVHO4xe9Vh0ZlDRBNS6X36+viELPK9tc9Rvd+B/6Xsv1W/6D1+wEq/OgDmdwDhfgwhV04A660AMGb/AOH/BpXVtPVmzx1WjN+tk5hTVZ+TdBP3x4</latexit>

Not
<latexit sha1_base64="rlEuvLp4YOgSX6/mPWo2z9GDj1s=">AAABv3icdZBNS8NAEIYn9avGr6hHL8VePJVNkLS9VUTwWMF+QFPKZjPGpZtNyG4KJeQX+Ws8qn/GbatID76nh5l53xkmzARXmpAPq7azu7d/UD+0j45PTs+c84uhSouc4YClIs3HIVUouMSB5lrgOMuRJqHAUTi/X/VHC8wVT+WzXmY4TWgs+QtnVJvSzHkIQoy5LBMueUZjrCZ6Wt5yWdkmJuJM8wXagUxDEzovDXAZodRVgDL6M82cJmkRI99vrMDtENdAt9vxvG7DXbcIafbqsFZ/5rAgSlmRmCgmqFITl2RmMc01ZwIrOygUZpTNTXjJkjDn8aveqk4MSpqgmpbrJ2xbRKGXlW2u+l3d+B+GXsv1W/6T1+x1NudBHa7gGm7AhTb04BH6MAAGb/AOn/Bl3VmxJa1sM1qzfjyXsCVr+Q0+eX+8</latexit>

predictive

<latexit sha1_base64="8SSnfg+mPsB0hLcZFw3V0MSOEVA=">AAAB4HicZZBLS8NAFIVvfNb4qrp0U2wXrkpSpG5cFIriskJf0JQymd7EoZOZMJkUS8jenbj1N/kH/BtudeHYFqT2rD7u3HPmcP2Ys0Q7zoe1sbm1vbNb2LP3Dw6Pjosnp91Epopih0ouVd8nCXImsKOZ5tiPFZLI59jzJ83f994UVcKkaOtZjMOIhIIFjBJtRqNi4PkYMpFFTLCYhJgP9DC7YiK3m1IEbIyCYokJjWpKeCmQqlQJR57GJ53d3rXzih0oGdmekL75dZIZYMKYdO6hGP+ljoplp+rMVVoHdwnlRgHmao2K1BtLmkYminKSJAPXiU0zojSjHHPbSxOMCZ2Y8IxGvmLho16ZDgwKEmEyzOZXWrXwVM9y27Ry/3dYh26t6tar9YdauXGzqAcFOIcLuAQXrqEB99CCDlB4h0/4gm/Lt56tF+t1sbphLT1nsCLr7QdfPIxc</latexit>

Confidence interval for gEFT from

<latexit sha1_base64="fwZJMSrXZ63EviPr1QnBJwiKnRs=">AAABwnicbZDLSsNAFIZP6i3WW9Slm2A3glASFxVFoaiLIgr10gs0JUzGaR07uTgzEcs4T+C7+DRuXOgr+ArGppta/9V3/vMf+DlBwqiQjvNhFGZm5+YXzMXi0vLK6pq1vtEUccoxaeCYxbwdIEEYjUhDUslIO+EEhQEjrWBw+rtvPREuaBzdymFCuiHqR7RHMZKZ5Vs15QnM1bXW9rHt9TjCuXGhfeVJ8izVzaW2d+2cT7JB638SWvtWySk7I9nT4I6hVD18/T4w/fO6b2HvLsZpSCKJGRKi4zqJ7CrEJcWM6KKXCpIgPEB9onAYcNq/lxNuJ8MIhUR01egPkycslUNdzFq5fztMQ3Ov7FbKlaus3hHkMmELtmEHXNiHKtSgDg3A8Abv8AlfxpnxYDwaIo8WjPHNJkzIePkB3WeC+w==</latexit>

R =
LSM+BSM
LSM

<latexit sha1_base64="bK2OgA9C1tWZNpq2YsaBnGi8AsM=">AAAB53icZZC7TsMwFIbtlksJtwAjS0Q7MFVJhcrCUImFsVT0IjVVZbuH1KrjRLYDqqI8Axti5ZmYeBQ23IuESv/p07HP70+mqeDa+P43LpV3dvf2KwfO4dHxyal7dt7TSaYYdFkiEjWgRIPgErqGGwGDVAGJqYA+nd0vzvsvoDRP5JOZpzCKSST5M2fE2NHYjUMKEZd5zCVPSQTF0IzyGy4LpxZ2eDQ1RKnkteZMLXsgQUVzj3LpMSIZCO1ZrIWaqbxT1JxQJtQ+PsstcDkBaYoQ5OSvfOxW/bq/jLcNwRqqrQpapj12WThJWBbbKiaI1sPAT60gUYYzAYUTZhpSwma2PGcxVQvjjenQoiQx6FG+/KzNFZGZeeFYq+C/wzb0GvWgWW8+Nqqtu5UeqqBLdIWuUYBuUQs9oDbqIoa+0A8u4TLm+A2/44/V1RJe71ygjeDPXyoyjKY=</latexit>

) high energy bin cancels in R
<latexit sha1_base64="Bc6VzuzVOqi3XyngUnt/fiAr0aw="></latexit>

) constraint (or discovery!) of gEFT independent of high energy bin

<latexit sha1_base64="qQNumBKfv8nUduRxKcYTypqdSTI=">AAACEHicbZDPSsNAEMZ3678a/0U9egnWg6KUpEi9eCh68WChom2Fbimb7ZguTTZpdiOWZV/Cg8/iTbz6Br6LB2MrSNXv9DEz3/Cb8ZOQS+W677gwN7+wuFRctlZW19Y37M2tloyzlEGTxWGc3vpUQsgFNBVXIdwmKdDID6HtD8+/+u17SCWPxY0aJ9CNaCD4HWdU5aWe/UR8CLjQERc8oQGYjurqYy6MtUckS/Wl6REFD0pf1w/Prutmn8hRqjQZUKWlMSQInPqBRSSPYOT8Tvw/vedYRMR+TjnUueGiD0IZAqL/Q9GzS27Zncj5a7xvU6oV0USNns1IP2ZZlK9iIZWy47lJfglNFWchGItkEhLKhvlyzSI/5cFAzVQ7uRU0AtnVk6/ORsJMjY2VU3m/Gf6aVqXsVcvVq0qpdjrFQ0W0g3bRPvLQCaqhC9RATcTQB97Fh/gIP+Jn/IJfp6MF/J3ZRjPCb5/rOZ2v</latexit>

LSM+BSM(
p
ŝ � M) ' LSM(

p
ŝ � M)



But Wait…
<latexit sha1_base64="D5OJ9bYkEQVYLyvIOvOnmO7UC/g="></latexit>

If there is new physics in the data, the model prediction for the high

energy bin is surely wrong.

<latexit sha1_base64="1zH18MiWEvIq6P/+S/Z7OfWBvls=">AAAB8HicZZDNSsNAFIVn6l9Nq0ZduhnsxlVIpOjGRcGNywr9g6aUyWSaXDqZhMykpYS8hztx6xsJPoxjW5DaszrcuefMxw0yAUq77heuHRweHZ/UT61G8+z8wr68Gqi0yBnvs1Sk+SigiguQvK9BCz7Kck6TQPBhMH/+fR8ueK4glT29yvgkoZGEGTCqzWhqL/yARyDLBCRkNOLVWE/KNsjK6sWgyBKEICpOl6TICEiiY06UNlmlTYUgVFKxUqAsqgglAQ3JDLRj+TINDMW8NAZkyKWufC7Dv1+mdst13LXIvvG2ptWpo7W6U5v5YcqKxFQxQZUae25mSGluOASvLL9QPKNsbspLlgQ5RLHemY6NlTThalKur7YbEYVeVZah8v4z7JvBveM9OA+v7VbnaYOH6ugG3aI75KFH1EEvqIv6iKFvXMMN3MQ5fsPv+GOzWsPbzDXaEf78AZEMj3E=</latexit>

This will show up in the statistical analysis as a bad fit.

<latexit sha1_base64="x6f4il5nJMf0uCZZAgtq3/YXZdc="></latexit>

If there is significant data in the high energy bin, data clipping may

reduce the dependence on the high energy bin, giving a better fit.

<latexit sha1_base64="bV9me8YAkDv5E2AHpyzsJBnFp1Q=">AAAB33icZVC7TsNAEFzzDOYVoKSxSENl2SgKDUUkGsog5SXFUXQ+L84p57N1d0aKLNd0iJZv4gv4DFpouDiRUMhoi9Hs7uxow4wzpT3v09ra3tnd268d2IdHxyen9bPzvkpzSbFHU57KYUgUciawp5nmOMwkkiTkOAhn94v+4BmlYqno6nmG44TEgj0xSrSRJnUMQoyZKBImWEZiLEd6XDSZKO3ulClnUSJCjBw9RYemUiLVRtIozRldmbh2INLQHJ0VhizGhS4DFNGf6aTe8FyvgrNJ/BVptGtQoTOp0yBKaZ4YK8qJUiPfy0wwIjWjHEs7yBVmhM6MeUGTULJ4qtfUkaGCJKjGRfWk9RWe63lpm1T+/wybpH/j+i239dhstO+W8aAGl3AF1+DDLbThATrQAwof8AXf8GMR68V6td6Wo1vWaucC1mC9/wI4k4xs</latexit>

This is indeed the correct interpretation.

<latexit sha1_base64="JbEom/QLBqKYe3ea6ZBdQng7GfY="></latexit>

The standard statistical interpretation of excluding gEFT = 0 with

poor goodness of fit is that the SM has been ruled out, but the EFT

does not describe the data well.

<latexit sha1_base64="lgrxz1RvsHer+CNGoXqib3LBosI="></latexit>

In fact, an analysis optimized for our EFT model would throw away

the high energy bin.



Form Factors
<latexit sha1_base64="gI4FB85dUDU3+TA+E7N1FxUwsHc=">AAACBHicZVA7T8MwGLTLq4RXAYmFAYsuRZVK0qEMUKkCBpZKRdCH1JTIcZ3UqvOQ7SKqKCtC/A1WNsQI/4N/wU8gpGUovcV35zvp9NkhZ1Lp+hfMLCwuLa9kV7W19Y3Nrdz2TksGI0FokwQ8EB0bS8qZT5uKKU47oaDYszlt28OL3//2PRWSBf6tGoe052HXZw4jWCWWlXs2JRFRPbZMRR9UdH5Tj7UqcqeSOk6MzAFW0TQ2kzMdgUnkFORx/a58FEfpm9g2c13e1QxURMQy0F8gleVEqlRqRWSSfqAkSguiZ+XyeklPgeaJMSX5WvXj6fTlstqwcsTsB2TkUV8RjqXsGnqoehEWihFOkyEjSUNMhtilEfFswdyBmnG7CfWxR2UvSi85W+EjNY61ZJXxf8M8aZVLRqVUuU7mnYEJsmAfHIICMMAJqIEr0ABNQMA33IMHEMFH+Arf4PskmoHTzi6YAfz8Aen/lKY=</latexit>

MBSM = ge↵M̂BSM
f (s/M2)

s/M2


1 + c1f (s/M

2) + c2f (t/M
2) + · · ·

�

<latexit sha1_base64="UkqMUPr/eMrDRKNkvqkeq+If7Bg=">AAABlHicZY9LS8NAFIXv1FeNr/jAhW4G66KClMRFBemiUMSupIJ9QBPKZLxth04eZibSWgr+Gpfq33HpPzG23dSe1ce598A5XiSF0pb1TTIrq2vrG9lNY2t7Z3fP3D9oqDCJOdZ5KMO45TGFUgRY10JLbEUxMt+T2PQGlb978wVjJcLgUY8idH3WC0RXcKZTq2OeDKkjJbWpc0lvaDc/vKCOEj4+02HHzFkFayq6DPYccuXzu4+j159qrWNy5ynkiY+B5pIp1batSLtjFmvBJU4MJ1EYMT5gPRxz34tFr68X3HaKAfNRuePpssWITPRoYqSt7P8dlqFxVbCLheJDWq8EM2XhFM4gDzZcQxmqUIM6cHiDd/iEL3JMSqRCbmevGTLPHMKCyP0vIGRsYQ==</latexit>

x ⌧ 1 : f (x) ' x

<latexit sha1_base64="Rw/pA3RsXIhJt3VO4PdHX7H6s0Y=">AAAB03icZZC7TsMwGIWdcivhFi4bi0UZigRVwlAkxFCJgY5FIm1RXSrH/RusOk4UOygl6oJYeRVegedgZGCFVyC0XQpn+nzs8/9H9iLBlbbtd6OwsLi0vFJcNdfWNza3rO2dpgqTmIHLQhHGbY8qEFyCq7kW0I5ioIEnoOUNL3/vWw8QKx7KGz2KoBtQX/IBZ1TnVs+6TTHxfexgcozP8aCcHmGieGASD3wuM5aPVmOTaEh1xkKpNJU6PxMzvctOCBUThinjdExA9mehnlWyK/ZE+D84MyjVDq9e9x4/6o2exUg/ZEkAUjNBleo4dqS7GY01ZwLyRYmCiLIh9SFjgRdz/17PuZ0cJQ1AdbPJx8xHRKJHYzNv5fzt8B+apxWnWqle5/Uu0FRFtI8OUBk56AzVUB01kIsYekOf6At9G66RGU/G8/RpwZhldtGcjJcfaXOGXQ==</latexit>

x � 1 : f (x) ⇠

8
>><

>>:

constant

x�↵

e�↵x

<latexit sha1_base64="OHMYMgEgBpMMTmL7Roz9tmCXxCY=">AAAB73icZZDLSsNAFIZnvNbUS9Slm2AjuCpJkbpxURDBjVDBXqApZTI9rYdOJunMRCghz+FO3PpI4suYXkBq/9XHmXP5mDARqI3nfdOt7Z3dvf3SgVU+PDo+sU/P2jpOFYcWj0WsuiHTIFBCy6AR0E0UsCgU0Akn9/P3zhsojbF8MbME+hEbSxwhZ6YoDew0CGGMMotQYsLGkPdMP7tBmVtuEKZCgHGdpoIh8nm/g9pxfc8LrlwnlRyUYSitUawc98EJNEYwdZ5cK5BxWEhMsgJQDkGaPAA5/DsysCte1VvE2QR/BZVGiSzSHNg8GMY8jYpVXDCte76XFKJMGeQCcitINSSMT4rlGY9CheNXs1btFShZBLqfLT5tfUSkZpZbhZX/32ET2rWqX6/Wn2uVxt1Sj5TIBbkk18Qnt6RBHkmTtAgnP5RSi5bplL7TD/q5bN2iq5lzshb69QshNIz5</latexit>

• Prediction is 100% uncertain for E ' M
<latexit sha1_base64="HvO/VtfgNEZrLm/7Vri4LOeV/hU=">AAAB43icZZDLSsNAFIZP6q3GW9Slm2CzcFWSInXjoiCCG6WCvUBTymR6mg6dTEJmopSQJ3Anbn0m1z6IW3VsC1L7rz7O5T8/J0g4k8p1P4zS2vrG5lZ529zZ3ds/sA6P2jLOUootGvM47QZEImcCW4opjt0kRRIFHDvB5Oq333nEVLJYPKhpgv2IhIKNGCVKlwYW8wMMmcgjJlhCQix6qp+fM1GYjh9knKNy7Dt8spPxVDIqbZkl2l9KHNqjODWda9sPQ/vWMX0RB/rwJNfAxBCFKnwUwz/jgVVxq+5M9ip4C6g0yjBTc2BRfxjTLNJWlBMpe56b6HAkVYxyLEw/k5gQOtHmOY2ClIVjtVTtaRQkQtnPZ49aXuGZmhamTuX9z7AK7VrVq1fr97VK43IeD8pwAqdwBh5cQANuoAktoPAOn/AF3wYaz8aL8TofLRmLnWNYkvH2Awt8jHg=</latexit>

• New physics suppressed for E � M

<latexit sha1_base64="d7i94sLcbAeNnrTUA0/r3u60AJc=">AAABr3icZY+7TsNAEEXH4RXMy0BJY0iDRBR5IxEKghSJhjJI5CHFwaw3Q1hl7bV214jIypfwI7S00NDyG3wBJkkTcqujmbkzd8JEcG0879sqrKyurW8UN+2t7Z3dPWf/oK1lqhi2mBRSdUOqUfAYW4Ybgd1EIY1CgZ1wdP3X7zyj0lzGd2acYD+iw5g/ckZNXgqccxaQssuCatn1xUAabV+5vsEXk0k1QOUSN+appjFDN6GKRmjyZZPAKXkVbyp3GcgcSo3js8u3+s9XM3CYP5AsjTA2TFCte8RLTD+jynAmcGL7qcaEshEdYsaiUPHhk1mo9nKM8/O6n02fXrSI1Iwndp6K/M+wDO1qhdQqtds8Xh1mKsIRnMApELiABtxAE1rA4BXe4QM+LWJ1rHvrYTZasOaeQ1iQxX8BzlV48w==</latexit>

c1, c2, . . . = order 1 niusance parameters
<latexit sha1_base64="UoOjSPiIoxAiuOqRdoNkEDW8FaE=">AAAB8XicZZDLSsNAFIZnrJcaW426dBNsFxUkJEXqRqHgQpcV7AWaGibTMT10MgmZSUsJ8T3ciVufyIXvYnpBqf1XH//MOfMxXsRBKsv6wluF7Z3dveK+dlAqHx7pxycdGSYxZW0a8jDueUQyDoK1FSjOelHMSOBx1vXGd/Pz7oTFEkLxpGYRGwTEF/AClKi8cvWp4zEfRBqAgIj4LOurQXoFItNqqQPKYKafvd6TREogwpiCGhlVh0z8lLqQGbeGVb3Ufovn+ryyqxeaI0Iv1xinOYAYMqEyh4nh3zOuXrFMaxFjE+wVVJpFtEjL1akzDGkS5KsoJ1L2bSvKVUmsgHKWaU4iWUToOF+e0sCLwR+ptbafoyABk4N08W3rIzxRs0zLrez/DpvQqZt2w2w81ivNm6UeKqIzdI5qyEbXqIkeUAu1EUXfuIBLuIwlfsPv+GN5dQuvZk7RWvDnD6Zvjcc=</latexit>

(e.g Gaussian with hci i = 0, hc2i i = 1)

<latexit sha1_base64="fDYfO1qwHAesezDpiMJSuEqLSpE=">AAAB/nicZZC7TsMwGIXtcivhFmACloh2YKqSCpWFoRIDLEhFohepqSrH/QlWHSeynYoqisTAs7AhVl6FV+ApcNNKqPRMx+f3f/zJQcKZ0q77jUtr6xubW+Vta2d3b//APjzqqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WB8M5t3JyAVi8WjniYwiEgo2BOjRJtoaL/5AYRMZBETLCEh5H09yC6ZyK2qH6Scg646tyBAEg3KiWKlnbA4ckuBZCaDl4SIWb/DhHNPxAi40iSyJkQyYjCU5Ys4MEzjzBhm5kLnPojR35tDu+LW3ELOqvEWptIso0KtoU39UUzTyFRRTpTqe25iuInUjHLILT9VkBA6NuUZjQLJwme9lPaNFSQCNciKP1xe4ame5pah8v4zrJpOveY1ao2HeqV5PcdDZXSGztEF8tAVaqI71EJtRNEPtvEJPsWv+B1/4M/51RJe7ByjJeGvX8q4lgI=</latexit>

• Generates most general series expansion in Mandelstam variables
<latexit sha1_base64="inGeBAK/gpLXdz7OwRHcr89r4xw=">AAABwnicZZBLS8NAFIVv6qvGV9Slm2C7cFWSInXjoqBCN0IF+4CmlMn0No6dTOLMRCgxf8lf48aF/hbHtiC1Z/Vx554zhxumnCnteZ9WaWNza3unvGvv7R8cHjnHJ12VZJJihyY8kf2QKORMYEczzbGfSiRxyLEXTm9+33uvKBVLxKOepTiMSSTYhFGizWjktIIQIybymAmWkgiLgR7ml0wU9iSRbvXODTh376t2IJLQ5E5zA0yMUegiQDH+842cilfz5nLXwV9CpVmGudojhwbjhGaxiaKcKDXwvdT8TaRmlGNhB5nClNCpCc9pHEoWPemV6cCgIDGqYT6/w6qFZ3pW2KaV/7/DOnTrNb9RazzUK83rRT0owxmcwwX4cAVNaEEbOkDhHT7gC76tW+vZerHUYrVkLT2nsCLr7QcA7H8n</latexit>

for E ⌧ M



How To
<latexit sha1_base64="0nn8zYMJEtcWyftxSKZ0p2KxVH0=">AAAB4HicZZC7TsNAEEXHPIN5GShpLJKCKrIjFBqKSDQ0SEGQhxRH0e564qy83rXsNVJkuadDtHwTP8Bv0EKB85BQyG3maGbnztXSWPBUO86nsbG5tb2zW9kz9w8Oj46tk9NuqrKEYYcpoZI+JSkKLrGjuRbYjxMkERXYo+HtbN57xiTlSj7paYzDiASSjzkjumyNrLFHMeAyj7jkMQmwGOhhfsVlYdY8mgmBuma3OQttIm0VY0K0SmytbOL7s6InaD/em55UtLwa5iVw6aPUhYfS/3MdWVWn7sxlr4O7hGqrAnO1RxbzfMWyqLRigqTpwHXiMhlJNGcCC9PLUowJC0vznEU04cFEr3QHJUoSYTrM57+0uiIyPS3MMpX7P8M6dBt1t1lvPjSqrZtFPKjAOVzAJbhwDS24gzZ0gMEHfME3/BjUeDFejbfF0w1juXMGKzLefwEPV4tc</latexit>

• Pick an operator to add to the SM

<latexit sha1_base64="TaQutsMVEzJQqOzq10t4h5W9+iw=">AAAB7HicZZC7TsMwFIbtcmkItwIjS0U7MFVJJcrCUAmB2ChSb1JdRY57Gqw6TrAdoIryFmyIlWeCl0GEtgiV/tOnc3zO+WQ/Flwbx/nEhbX1jc2itWVv7+zu7ZcODrs6ShSDDotEpPo+1SC4hI7hRkA/VkBDX0DPn1z+9HuPoDSPZNtMYxiGNJB8zBk1eckrKeJDwGUacsljGkA2MMP0jMvMrhLNVHqbecTAs0mvrttZ1SYPCR2Vq0REMhAwNooH94YqFT399mwiIz83mKQ5cDkCaTICcvR3wStVnJozS3kV3AVUmhaapeWVGBlFLAnzVUxQrQeuE+eWVBnOBGQ2STTElE3y5SkL/ZnTUnWQo6Qh6GE6+7HlEZGYaWbnVu5/h1Xo1mtuo9a4q1eaF3M9ZKFjdIJOkYvOURPdoBbqIIY+0BcuYgtL/IJf8dv8aQEvZo7QUvD7N4Toj00=</latexit>

OEFT  !
<latexit sha1_base64="p83hGkKbN8OeYlBb2gXT1lcQDqQ=">AAABy3icZZDLTsJAFIZP8Yb1VnXphggLV6QlETeaEN24IYEol4SSZjoc64TptOlMjVi79Jl8Fhdu9TUcC4lB/tWXc/nPn+PHnEll2x9GaW19Y3OrvG3u7O7tH1iHR30ZpQnFHo14lAx9IpEzgT3FFMdhnCAJfY4Df3rz2x88YSJZJO7VLMZxSALBHhglSpc8q+v6GDCRhUywmASYj9Q4O2ciN2tXFVfSJGvnnqvwWWXXd+28Zroi8vWBaaaBiQkKlbsoJn8GnlW163ahyio4C6i2ylCo41nUnUQ0DbUV5UTKkWPHOgRJFKMcc9NNJcaETrV5RkM/YcGjWqqONAoSohxnxUOWV3iqZrmpUzn/M6xCv1F3mvVmt1FtXc7jQRlO4BTOwIELaMEtdKAHFN7hE77g22gb0ngxXuejJWOxcwxLMt5+APuJg7U=</latexit>

=MBSM

<latexit sha1_base64="8uy9N1uxo9uWwJKHsmtWFLTWWmw=">AAAB93icZZDLSsNAGIVnvLbxFtulm8FuBKEkRepGoSiKm0LF3qCJYTKdpkMnF2YmYgl5Fnfi1sdx7YuYptnEntWZb86Bw+9GnEllGD9wa3tnd2+/UtUODo+OT/TT2lCGsSB0QEIeirGLJeUsoAPFFKfjSFDsu5yO3MX96n/0RoVkYdBXy4jaPvYCNmMEqww5empJIpJu6liKvqvk7qWbarfIK54Pj/0UWXOskiJWylku8zw+QSa6RMQxkTUTmCQyTbqvrVRbsVbB1JplOYtMQyVRXhW2ozeMppELbRqzMI1OBeTqOTqxpiGJfRoowrGUE9OIlJ1goRjhNJsUSxphssAeTYjvCubNVYlOMhtgn0o7yY9XrvBYLVMtW2X+37Bphq2m2W62n68anZv1PFABZ+AcXAATXIMOeAI9MAAE/MIqrME6XMIP+Am/1tEtWHTqoCT4/Qcq/49w</latexit>

MBSM = gEFTM̂BSM


1 + c1

s

M2
+ c2

t

M2
+ · · ·

�

<latexit sha1_base64="s6J3e3MXdFgHfWZBZiiICrnZPRY=">AAABwHicdZBLS8NAFIVvfNb4irp0E+xGKJRJkNiCi6IgboQK9gFNDZPptBk6ycSZiVBD/pG/xp3ojzF9uOjCszp8517u4YYpZ0oj9GVsbG5t7+xW9sz9g8OjY+vktKtEJgntEMGF7IdYUc4S2tFMc9pPJcVxyGkvnN7N894blYqJ5FnPUjqM8SRhY0awLlFg3ftZMqIylJjQ3I/SCCdaxDkJHNsflzBXRf744hZmzSaBu2J6yeya7ZOR0KooAquK6qiU59lz4zSQU5pms+G6TdtZRAhVWxVYqB1YxB8JksU00YRjpQYOSvUwx1Izwmlh+pmiKSZTPKE5iUPJJpFeo4PSJjimapgvvrC+wjM9K8yy1d9p+3/TdeuOV/eerqqtm2U9qMA5XMAlOHANLXiANnSAwAd8wjf8GLdGZAjjdTm6Yax2zmBNxvsvQvl95A==</latexit> | {z }
<latexit sha1_base64="5VNlb5DIfHkOGb57NXwKgqBH58o=">AAABl3icdY9LS8NQEIUn9VXrK+pKRAh246rclBLblQVBuhFasA9oS7m5GeulNzchdyKW0JW/xq3+Gv+NaauLLjyrjzlzmDN+rKQhxr6twtb2zu5ecb90cHh0fGKfnvVMlCYCuyJSUTLwuUElNXZJksJBnCAPfYV9f3a/9PuvmBgZ6SeaxzgO+VTLZyk45aOJfTUifKPskesAlSEeOgEagTrgmsxiYpdZheXyPGcJbp25OTQa9Wq14bgri7FyswgrtSe2GAWRSEPUJBQ3ZuiymMYZT0gKhYvSKDUYczHjU8xE6Cdy+kIb02GOmodoxtnquc2ISmm+KOWt/k47/0OvWnG9iteplZv1dT0owiVcww24cAtNaEEbuiDgHT7gE76sC+vOerBa69WC9Zs5hw1ZnR8RGW4e</latexit>

Mandelstam descendants

<latexit sha1_base64="ZFA1cFLH+5N5uZet+EOkXZ/qgEw=">AAABpHicdY/NTsJAFIVv8Q/xr+rSDZHEGBdkSkiFxAXRjQtJMFggodhMhytMmP5kZmokTd/Bp3Grr+HbWEAXLDyrL/fck3uuHwuuNCHfRmFjc2t7p7hb2ts/ODwyj096KkokQ4dFIpIDnyoUPERHcy1wEEukgS+w78/uFn7/FaXiUfik5zGOAjoJ+QtnVOcjz7xyk3CM0peUYepO4ykNdRSkrmIybWeeq/FNp7fddpZlnlkhVZLLtssLsBrEyqHZbNRqzbK1tAiptIqwVMczmTuOWBJgqJmgSg0tEutRSqXmTGBWchOFMWUzOsGUBb7kk6lemw5zDGmAapQuP12PiETPs1Le6u90+X/o1aqWXbUf65XWzaoeFOEMzuESLLiGFtxDBxxg8A4f8AlfxoXxYHQNZ7VaMH4zp7Am4/kHwI50Pg==</latexit> | {z }
<latexit sha1_base64="wjam1QW/SYU+0jWsmubwrLNjAR0=">AAABhnicdY+7TsNAEEVnw8uYRwKUNBFuqKx1BI7TWaKhDBJ5SLGJ1ssQVlk/tLtGRFb+gxb+ir/BSaBIwa2O5s7V3EkKKbSh9Js0dnb39g+sQ/vo+OS02To7H+q8VBwHPJe5GidMoxQZDowwEseFQpYmEkfJ/G7lj95QaZFnj2ZRYJyyWSZeBGemHj1FBt9N1VciZWqxnLYc6tJavt9egRdQr4ZeL+h0em1vbVHqhBas1Z+2ePSc8zLFzHDJtJ54tDBxxZQRXOLSjkqNBeNzNsOKp4kSs1ezNZ3UmLEUdVytf9mOyNIslnbd6u90+38YdlzPd/2HGycMNvXAgku4gmvwoAsh3EMfBsBBwQd8whexiEtuSXez2iC/mQvYEgl/ALloZ4k=</latexit>

Primary
<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
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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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How To
<latexit sha1_base64="0nn8zYMJEtcWyftxSKZ0p2KxVH0=">AAAB4HicZZC7TsNAEEXHPIN5GShpLJKCKrIjFBqKSDQ0SEGQhxRH0e564qy83rXsNVJkuadDtHwTP8Bv0EKB85BQyG3maGbnztXSWPBUO86nsbG5tb2zW9kz9w8Oj46tk9NuqrKEYYcpoZI+JSkKLrGjuRbYjxMkERXYo+HtbN57xiTlSj7paYzDiASSjzkjumyNrLFHMeAyj7jkMQmwGOhhfsVlYdY8mgmBuma3OQttIm0VY0K0SmytbOL7s6InaD/em55UtLwa5iVw6aPUhYfS/3MdWVWn7sxlr4O7hGqrAnO1RxbzfMWyqLRigqTpwHXiMhlJNGcCC9PLUowJC0vznEU04cFEr3QHJUoSYTrM57+0uiIyPS3MMpX7P8M6dBt1t1lvPjSqrZtFPKjAOVzAJbhwDS24gzZ0gMEHfME3/BjUeDFejbfF0w1juXMGKzLefwEPV4tc</latexit>

• Pick an operator to add to the SM

<latexit sha1_base64="Ly7m2f/TPk/1Vl0nCXpCUV6pmns=">AAAB7XicZZDLTsJAFIZn8FbqDXXpphEWrkhLDG5ckHiJS0y4JZSQ6fRQJkxnmpmpCTZ9DHfGrc/E02gFEoP8qy9nzjnz5QQJZ9q47gKXdnb39g+ssn14dHxyWjk772mZKgpdKrlUg4Bo4ExA1zDDYZAoIHHAoR/M7n/f+6+gNJOiY+YJjGISCTZhlJiiNK5oP4CIiSxmgiUkgnxoRtkNE7ld84OUczA15wE0i4QjE8Ni9gaho4EoOnW0UcRANHcmUjmPTx0nliFw2xcyKBRmWQFMhCBM7oMI/74YV6pu3V3G2QZvDdWWhZZpjyvUDyVN42IV5UTroecmhSZRhlEOue2nGhJCZ8XyjMaBYtHUbFSHBQoSgx5ly5NtjvDUzHO7sPL+O2xDr1H3mvXmS6PaulvpIQtdoit0jTx0i1roGbVRF1G0QN/YwmUs8Tv+wJ+r1hJez1ygjeCvH+ucj30=</latexit>

• Design optimized search strategy for EFT model

<latexit sha1_base64="TaQutsMVEzJQqOzq10t4h5W9+iw=">AAAB7HicZZC7TsMwFIbtcmkItwIjS0U7MFVJJcrCUAmB2ChSb1JdRY57Gqw6TrAdoIryFmyIlWeCl0GEtgiV/tOnc3zO+WQ/Flwbx/nEhbX1jc2itWVv7+zu7ZcODrs6ShSDDotEpPo+1SC4hI7hRkA/VkBDX0DPn1z+9HuPoDSPZNtMYxiGNJB8zBk1eckrKeJDwGUacsljGkA2MMP0jMvMrhLNVHqbecTAs0mvrttZ1SYPCR2Vq0REMhAwNooH94YqFT399mwiIz83mKQ5cDkCaTICcvR3wStVnJozS3kV3AVUmhaapeWVGBlFLAnzVUxQrQeuE+eWVBnOBGQ2STTElE3y5SkL/ZnTUnWQo6Qh6GE6+7HlEZGYaWbnVu5/h1Xo1mtuo9a4q1eaF3M9ZKFjdIJOkYvOURPdoBbqIIY+0BcuYgtL/IJf8dv8aQEvZo7QUvD7N4Toj00=</latexit>

OEFT  !
<latexit sha1_base64="p83hGkKbN8OeYlBb2gXT1lcQDqQ=">AAABy3icZZDLTsJAFIZP8Yb1VnXphggLV6QlETeaEN24IYEol4SSZjoc64TptOlMjVi79Jl8Fhdu9TUcC4lB/tWXc/nPn+PHnEll2x9GaW19Y3OrvG3u7O7tH1iHR30ZpQnFHo14lAx9IpEzgT3FFMdhnCAJfY4Df3rz2x88YSJZJO7VLMZxSALBHhglSpc8q+v6GDCRhUywmASYj9Q4O2ciN2tXFVfSJGvnnqvwWWXXd+28Zroi8vWBaaaBiQkKlbsoJn8GnlW163ahyio4C6i2ylCo41nUnUQ0DbUV5UTKkWPHOgRJFKMcc9NNJcaETrV5RkM/YcGjWqqONAoSohxnxUOWV3iqZrmpUzn/M6xCv1F3mvVmt1FtXc7jQRlO4BTOwIELaMEtdKAHFN7hE77g22gb0ngxXuejJWOxcwxLMt5+APuJg7U=</latexit>

=MBSM

<latexit sha1_base64="8uy9N1uxo9uWwJKHsmtWFLTWWmw=">AAAB93icZZDLSsNAGIVnvLbxFtulm8FuBKEkRepGoSiKm0LF3qCJYTKdpkMnF2YmYgl5Fnfi1sdx7YuYptnEntWZb86Bw+9GnEllGD9wa3tnd2+/UtUODo+OT/TT2lCGsSB0QEIeirGLJeUsoAPFFKfjSFDsu5yO3MX96n/0RoVkYdBXy4jaPvYCNmMEqww5empJIpJu6liKvqvk7qWbarfIK54Pj/0UWXOskiJWylku8zw+QSa6RMQxkTUTmCQyTbqvrVRbsVbB1JplOYtMQyVRXhW2ozeMppELbRqzMI1OBeTqOTqxpiGJfRoowrGUE9OIlJ1goRjhNJsUSxphssAeTYjvCubNVYlOMhtgn0o7yY9XrvBYLVMtW2X+37Bphq2m2W62n68anZv1PFABZ+AcXAATXIMOeAI9MAAE/MIqrME6XMIP+Am/1tEtWHTqoCT4/Qcq/49w</latexit>

MBSM = gEFTM̂BSM


1 + c1

s

M2
+ c2

t

M2
+ · · ·

�

<latexit sha1_base64="s6J3e3MXdFgHfWZBZiiICrnZPRY=">AAABwHicdZBLS8NAFIVvfNb4irp0E+xGKJRJkNiCi6IgboQK9gFNDZPptBk6ycSZiVBD/pG/xp3ojzF9uOjCszp8517u4YYpZ0oj9GVsbG5t7+xW9sz9g8OjY+vktKtEJgntEMGF7IdYUc4S2tFMc9pPJcVxyGkvnN7N894blYqJ5FnPUjqM8SRhY0awLlFg3ftZMqIylJjQ3I/SCCdaxDkJHNsflzBXRf744hZmzSaBu2J6yeya7ZOR0KooAquK6qiU59lz4zSQU5pms+G6TdtZRAhVWxVYqB1YxB8JksU00YRjpQYOSvUwx1Izwmlh+pmiKSZTPKE5iUPJJpFeo4PSJjimapgvvrC+wjM9K8yy1d9p+3/TdeuOV/eerqqtm2U9qMA5XMAlOHANLXiANnSAwAd8wjf8GLdGZAjjdTm6Yax2zmBNxvsvQvl95A==</latexit> | {z }<latexit sha1_base64="ZFA1cFLH+5N5uZet+EOkXZ/qgEw=">AAABpHicdY/NTsJAFIVv8Q/xr+rSDZHEGBdkSkiFxAXRjQtJMFggodhMhytMmP5kZmokTd/Bp3Grr+HbWEAXLDyrL/fck3uuHwuuNCHfRmFjc2t7p7hb2ts/ODwyj096KkokQ4dFIpIDnyoUPERHcy1wEEukgS+w78/uFn7/FaXiUfik5zGOAjoJ+QtnVOcjz7xyk3CM0peUYepO4ykNdRSkrmIybWeeq/FNp7fddpZlnlkhVZLLtssLsBrEyqHZbNRqzbK1tAiptIqwVMczmTuOWBJgqJmgSg0tEutRSqXmTGBWchOFMWUzOsGUBb7kk6lemw5zDGmAapQuP12PiETPs1Le6u90+X/o1aqWXbUf65XWzaoeFOEMzuESLLiGFtxDBxxg8A4f8AlfxoXxYHQNZ7VaMH4zp7Am4/kHwI50Pg==</latexit> | {z }
<latexit sha1_base64="5VNlb5DIfHkOGb57NXwKgqBH58o=">AAABl3icdY9LS8NQEIUn9VXrK+pKRAh246rclBLblQVBuhFasA9oS7m5GeulNzchdyKW0JW/xq3+Gv+NaauLLjyrjzlzmDN+rKQhxr6twtb2zu5ecb90cHh0fGKfnvVMlCYCuyJSUTLwuUElNXZJksJBnCAPfYV9f3a/9PuvmBgZ6SeaxzgO+VTLZyk45aOJfTUifKPskesAlSEeOgEagTrgmsxiYpdZheXyPGcJbp25OTQa9Wq14bgri7FyswgrtSe2GAWRSEPUJBQ3ZuiymMYZT0gKhYvSKDUYczHjU8xE6Cdy+kIb02GOmodoxtnquc2ISmm+KOWt/k47/0OvWnG9iteplZv1dT0owiVcww24cAtNaEEbuiDgHT7gE76sC+vOerBa69WC9Zs5hw1ZnR8RGW4e</latexit>

Mandelstam descendants
<latexit sha1_base64="wjam1QW/SYU+0jWsmubwrLNjAR0=">AAABhnicdY+7TsNAEEVnw8uYRwKUNBFuqKx1BI7TWaKhDBJ5SLGJ1ssQVlk/tLtGRFb+gxb+ir/BSaBIwa2O5s7V3EkKKbSh9Js0dnb39g+sQ/vo+OS02To7H+q8VBwHPJe5GidMoxQZDowwEseFQpYmEkfJ/G7lj95QaZFnj2ZRYJyyWSZeBGemHj1FBt9N1VciZWqxnLYc6tJavt9egRdQr4ZeL+h0em1vbVHqhBas1Z+2ePSc8zLFzHDJtJ54tDBxxZQRXOLSjkqNBeNzNsOKp4kSs1ezNZ3UmLEUdVytf9mOyNIslnbd6u90+38YdlzPd/2HGycMNvXAgku4gmvwoAsh3EMfBsBBwQd8whexiEtuSXez2iC/mQvYEgl/ALloZ4k=</latexit>

Primary
<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="huutJwlNYdq86bk/QTyJwOpVJE8="></latexit>

Optimized search for given (gEFT,M) will minimize sensitivity to high

energy bin because there is no signal there

<latexit sha1_base64="GRID5NU/1b6k0Sl331NzJKj/KZ0=">AAAB/HicZZDLSgMxFIYTr3W8VV0ouAnWhQspM0UqiIuCG1eiYFXolCHJHMfQTDJM0moZxoXP4k7c+i6+gY9hbAtS/Vc//7l9HJZJYazvf+KZ2bn5hcXKkre8srq2Xt3YvDG6n3Nocy11fseoASkUtK2wEu6yHGjKJNyy3tlP/XYAuRFaXdthBt2UJkrcC06ti6LqS8ggEapIhRIZTaDs2G5xJFTpXWgLJ8RklAPR92SfR8Eh4VHjkIQy1tbsE04VYeDBU+auQEzYkOTwCCJ5sEIlBAagrPFCpZkj6hXOCBW7rAxBxb8Xo2rNr/sjkf8mmJhaq4JGuoyqPIw176duFZfUmE7gZ46a5lZwCaUX9g047J5bXvCU5T9AU2nHWUVTMN1i9MHpEdm3w9JzVMFfhv/mplEPmvXmVaPWOh3joQraRXvoAAXoGLXQObpEbcTRF17D23gHP+NX/Ibfx60zeDKzhaaEP74BcfyTJg==</latexit>

Note: space of c1, c2, . . . can be explored by reweighting events



Case Study
<latexit sha1_base64="qttIprzd3fCZ5bLnq4x9vFFaf2I=">AAAB/3icZZC7TsMwFIZtriXcUthgiWgGFqoEQdmqSiwsSIAoIDVV5TinrVXHDrYDqqIMDDwLG2LlUXgGXgJTkFDpP3069vn9yXHGmTZB8IHn5hcWl5YrK87q2vrGplvdutEyVxTaVHKp7mKigTMBbcMMh7tMAUljDrfx6PT7/PYBlGZSXJtxBt2UDATrM0qMHfXc5yiGARNFygTLyADKjukWx0yUjm/8AzokQgD3FGgpiKDg+NEVGwwNUUo++o6QXqJIaruo1wdicgVeXyrPj/S9MoUuvaZ37juRkLGVGhUWmEhAmDICkfw92nNrQT2YxJuF8BdqrQqa5KLn0iiRNE9tFeVE604YZFacKGvCoXSiXENG6MiWFzSN1bfz1LRjUZAUdLeYfOL0Cs/NuHSsVfjfYRZuDutho964PKq1mj96qIJ20R7aRyE6QS10hi5QG1H0iat4B+/iJ/yCX/Hbz9U5/LuzjaaC378AdZeU1g==</latexit>

t-channel resonance ) no dramatic feature for
p
s > M

<latexit sha1_base64="/yE4te6IlFfxYAPcfkvRSajRVJw=">AAAB+XicZZDLSgMxFIaTeqtTL/W2cjPYLgSxzIjWjYuCKC4r9AadWpL0tIZmkiHJFMow+CzuxK1P4wP4Ho6tILX/Jh8nOed8hEaCG+t5nzi3srq2vpHfdApb2zu7xb39llGxZtBkSijdocSA4BKallsBnUgDCamANh3f/ty3J6ANV7JhpxH0QjKSfMgZsVmpX3wJKIy4TEIueURGkHZtL7niMnXu7huuikATq7RTDijRCU1d6gaWxE9n8+O87ITK8gmxMHDp1B0KMlHaJVKFRHAwTiAVzXTGSQZcDkDaNAA5+FvXL5a8ijeLuwz+L5RqeTRLvV9kwUCxOMxGMUGM6fpelCkTbTkTkDpBbCAibJwNT1hINR8924VqN0NJQjC9ZPZ9iy0ittPUyaz8/w7L0Lqo+NVK9fGyVLuZ66E8OkYn6BT56BrV0AOqoyZi6AsX8CE+wgl+xW/4ff40h397DtBC8Mc3bUOSvQ==</latexit>

EFT operator b̄b⌧+⌧� motivated by flavor anomalies
<latexit sha1_base64="ntWPfuhqo50MoHhWo2Ir8hY64l4=">AAAB63icZZBNSwMxEIaTqm1dv6oevQR78VR2RetNCr14ERRtLXRLyabTNjQf2yQryLK/wpt49TeJP0YwVkFq39PDTGbmIUkquHVh+IFLa+sb5Up1M9ja3tndq+0fdK3ODIMO00KbXkItCK6g47gT0EsNUJkIeEhm7e/+wyMYy7W6d08pDCSdKD7mjDpfGtbmcQITrnLJFU/pBIq+G+TnXBVBW8uUGiBOk/b1HbFADZuSsTak0yXMNwU4IAJSp+cZNTMi9QhEECudeIFZ7oGrEShXxKBGfweGtXrYCBchqxD9Qr1VRYvcDGssHmmWSb+KCWptPwpTL0mN40xAEcSZhZSymV+eM5kYPpm6pWrfo6IS7CBffNjyiMjcUxF4q+i/wyp0TxtRs9G8Pau3Ln/0UBUdoWN0giJ0gVroCt2gDmLoHX3iMq5giZ/xC379eVrCvzOHaCn47Qt+GI66</latexit>

Compare to CMS search for UV complete leptoquark model

<latexit sha1_base64="BB5wKlP3NxYRixyZWxGefK4m/XA=">AAAB63icZZBLSwMxFIWTqm0dX6Mu3Qy2C1dlxkfdSaEblxVsLXRKyaS3Y2gmGZOMUIb5Fe7Erb9J/DGC6QOk9qwO5+ae+5Eo5Uwb3//Gpa3tnXKluuvs7R8cHrnHJz0tM0WhSyWXqh8RDZwJ6BpmOPRTBSSJODxF0/Z8/vQKSjMpHs0shWFCYsEmjBJjo5H7EkYQM5EnTLCUxFAMzDC/YaJw6mGUcQ6m7rWlsBUxCAreRCqvHmqWeFd1T2RMk3maEkUSMPaOEwoZWYBpbg0TYxCmCEGM/w6M3Jrf8BfyNk2wMrVWFS3UGbk0HEuaJbaKcqL1IPBTC0mUYZRD4YSZhpTQqS3PaRIpFj+btXRgrbB8epgvPmx9hWdmVjiWKvjPsGl6l42g2Wg+XNdad0s8VEVn6BxdoADdoha6Rx3URRR9oR9cxhWc4Df8jj+WT0t4tXOK1oQ/fwEKK45f</latexit>

• Convergence for ⇠ 3 nuisance parameters
<latexit sha1_base64="A4kAOm1GiMq4X8pE100cNq7NqQ0=">AAAB4XicZZDLSsNAFIZP6q3GW9Slm2CzcFUS0bpSCm50UahgL9CUMJmexqGTSUwmYgl5AHfi1mfyAXwOtwpOLyC1/+rjXP7zc/yYs1Ta9qdWWlldW98ob+pb2zu7e8b+QTuNsoRii0Y8Sro+SZEzgS3JJMdunCAJfY4df3Q96XeeMElZJO7lOMZ+SALBhowSqUqeEbg+BkzkIRMsJgEWPdnPz5kodMv1M85RWubtAIVkw7FpNcxLs+G5Ep9lzjGW0WNGklFh6a6IfHV2lCtgYjJfuCgGf7aeUbGr9lTmMjhzqNTLMFXTM6g7iGgWKivKSZr2HDtW0UgiGeVY6G6WYkzoSJnnNPQTFjzIhWpPoSAhpv18+qbFFZ7JcaGrVM7/DMvQPq06tWrt7qxSv5rFgzIcwTGcgAMXUIcbaEILKHzAF3zDj0a1F+1Ve5uNlrT5ziEsSHv/BY8XjHQ=</latexit>

• Identify M = Mleptoquark
<latexit sha1_base64="1M+6PGOkEwPOlXtGpnocswKk4bI=">AAAB3XicZZC7TsMwFIZPyq2EW4GRJaIdmKoEQdlQJQRiLKg3qakqxz20Vh0nsp2iKsrIhlh5Jh6Bp2CFDfciodJ/+nTs8/uTg5gzpV3308qtrW9sbuW37Z3dvf2DwuFRU0WJpNigEY9kOyAKORPY0ExzbMcSSRhwbAWjm+l5a4xSsUjU9STGbkgGgj0xSrQZ9QrUD3DARBoywWIywKyju+klE5ld8h/ZYKiJlNFzybm9qzsKiaRDhymHRkKhHJuOMdq+iALz5Cg1wEQfhc58FP2/yl6h6JbdWZxV8BZQrOZhltrUqh/RJDRVlBOlOp4bGy0iNaMcM9tPFMaEjkx5SsNATj2Xph2DgoSouunsi5ZXeKInmW2svP8Oq9A8L3uVcuXholi9nutBHk7gFM7Agyuowj3UoAEUPuALvuHH6lkv1qv1Nr+asxY7x7AU6/0XLTCLHA==</latexit>

) EFT search is conservative
<latexit sha1_base64="nhMjr7OFpYOwVab61RdhfrJHjM8=">AAAB9nicZZDLSsNAFIZnvNZ4a+vSTbBZuCqJl7qTgihuhAq9QVPKZHoah05mYmYilhgfxZ249XXc+iSObUFq/9XHuc3HBDFnSrvuF15ZXVvf2CxsWds7u3v7xVK5rWSaUGhRyWXSDYgCzgS0NNMcunECJAo4dILx1W+/8wSJYlI09SSGfkRCwUaMEm1Kg+KLH0DIRBYxwWISQt7T/eycidxy/CDlHLRjX980bSqF0glhQivb8RWL4NGxRmbAjuQQuD2SieXc2X5oWvap89qEtuULGRiXcWaAiSEInfsghn9vDYoVt+pOYy+DN4dKvYCmaQyK1B9KmkbmFOVEqZ7nxsaXJJpRDrnlpwpiQsfmeEajIGHhg16o9gwKEoHqZ9O/W1zhqZ7klrHy/jssQ/uk6tWqtfuzSv1ypocK6BAdoWPkoQtUR7eogVqIom9cwCVcxs/4Db/jj9noCp7vHKCF4M8f5YuQaA==</latexit>

• EFT constraints ' full model for M >⇠ 3 TeV



Conclusions

EFT + form factors =

<latexit sha1_base64="qwgW3gEdYS6FRwbN5FN9pusi9Ws=">AAAB1HicZZC7TsNAEEXH4WXMy0BJY5EUVJGNotBQRKKhoAgSeYg4inY3g1llvba8a6TIuEK0fBO/wQ/QwiewJJFQyK2O5nHnamgquNK+/2FV1tY3NrfsbWdnd2//wD086qokzxh2WCKSrE+JQsEldjTXAvtphiSmAnt0cvXb7z1hpngi7/Q0xWFMIskfOCPalEbufUgx4rKIueQpibAc6GHR4LJ0aiHNhUBd824SRoTHpad4JA2plDB0QplQc2lSGOByjFKXIcrxn9PIrfp1fyZvFYIFVFs2zNQeuSwcJyyPjRUTRKlB4KcmDck0ZwJLJ8wVmtMTY16wmGY8etRL1YFBSWJUw2L2meUVketp6ZhUwf8Mq9A9rwfNevO2UW1dzuOBDSdwCmcQwAW04Bra0AEG7/AJX/Btda1n68V6nY9WrMXOMSzJevsBq4eHIA==</latexit>

• Local in signal space
<latexit sha1_base64="QxlwMXCzRcashFI0MmbvotqBd1o=">AAAByHicZZBLS8NAFIVv6qvGV9Slm2K7cFUSKXXjouBGXEgF+4CmlJnpNQ6dTMLMRAkhG3+Tf0a3+kMc24LUntXHnXvOHC5NBdfG9z+cysbm1vZOddfd2z84PPKOT/o6yRTDHktEooaUaBRcYs9wI3CYKiQxFTigs5vf98ELKs0T+WjyFMcxiSR/4owYO5p49yHFiMsi5pKnJMJyZMZFi8vSbYQ0EwJNo9ZVhBnrEG4oE2rTZ4UFLqcoTRminP65J17db/pz1dYhWEK9U4W5uhOPhdOEZbGNYoJoPQr81DYgyn4osHTDTGNK2MyGFyymikfPZmU6sihJjHpczK+xahGZyUvXtgr+d1iH/mUzaDfbD61653pRD6pwBudwAQFcQQduoQs9YPAOn/AF386dkzqvTr5YrThLzymsyHn7ARcGgo8=</latexit>

• Practical

<latexit sha1_base64="wXnPwBBqiwLN0rKjkXi+80/F4A8=">AAAB8HicZVBNT8JAFNzFLyyoVY9eGuGAF9IaghcPJF48YsJXQgnZXZ5lw3bb7G5JSNP/4c149R+Z+GNcgcQgc5rMezNv8mgquDa+/4VLB4dHxyflU6dSPTu/cC+vBjrJFIM+S0SiRpRoEFxC33AjYJQqIDEVMKSLp9/5cAlK80T2zCqFSUwiyV85I8ZKU3cZUoi4zGMueUoiKMZmkre4LJx6SDMhwNS9ng00HtGemUOiVl4mGShDuDQrpyEzrokVvJQoEoOxt+6cUCbUmha5JVzOQJoiBDn7uzJ1a37TX8PbJ8GW1DpltEZ36rJwlrAstlFMEK3HgZ/apkQZzgQUTphpSAlb2PCcxVTxaG521LGl0hbUk3z9tV2LyMyqcGyr4H+HfTK4bwbtZvulVes8buqhMrpBt6iBAvSAOugZdVEfMfSNS7iCq1jhN/yOPzarJbz1XKMd4M8fVnKQGQ==</latexit>

• Treat as theory uncertainty (nuisance parameters)

<latexit sha1_base64="ALrLFmc6b3Lbxyrd7XjQFBn2x9o="></latexit>

Proposal for EFT searches that gives a quantitative estimate of

theory uncertainty due to higher dimension operators
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• Precision measurements are an important part of the LHC legacy
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• Let experimentalists be experimentalists!
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• Clear physical interpretation of results in (gEFT,M) plane


