
Positivity of Effective Field Theories and Large-N QCD
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BSM EFT, Gravity, Chiral P.T.

<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

Galileon 
(massive/modified gravity)U(1) Goldstone

M

Predictive Unitarity 
CausalityDispersion Relations

Lore: all E-behaviours IR consistent!

But not all are UV completable!

<latexit sha1_base64="Q2yoOomKe1jt0KgefI9CumbhFE4="></latexit>
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Outline

3. Large-N QCD

2. Positivity for BSM phenomenology

1. Dispersion relations for EFTs



UV-IR Connection

Causality  

Unitarity

Physical Properties Mathematical Properties 
of 2➙2 forward amplitude A(s)/sn

(optical theorem)

Analytic in   

Positive across 

<latexit sha1_base64="fJIaawic/3eTAu+dqUsulcYgzh8=">AAACCXicbVC7TsNAEDzzDOEVHh3NiQiJKtgoEpQRaSiDREik2IrOl01yyvmhuzVSsPIDfAUtVJSIlq+g4F84GxeQMNVoZlc7O34shUbb/rSWlldW19ZLG+XNre2d3cre/p2OEsWhzSMZqa7PNEgRQhsFSujGCljgS+j4k2bmd+5BaRGFtziNwQvYKBRDwRkaqV851K4IqRswHPt+2pydxeOp7leqds3OQReJU5AqKdDqV77cQcSTAELkkmndc+wYvZQpFFzCrOwmGmLGJ2wEPUNDFoD20jz9jJ4kmmFEY1BUSJqL8HsjZYHW08A3k1lMPe9l4n9eL8HhpZeKME4QQp4dQiEhP6S5EqYWoAOhAJFlyYGaJjhTDBGUoIxzIyamp7Lpw5n/fpF0zmtOveY4N/Vq46qopkSOyDE5JQ65IA1yTVqkTTh5IE/kmbxYj9ar9Wa9/4wuWcXOAfkD6+MbADyZ7w==</latexit>

s 2 C/phys
<latexit sha1_base64="uHmtxEBUpBIW+nHaFjgdeTPZwrY=">AAACBHicbVC7TsNAEDyHVwiPGChpTkRIVJGNIkEZQUMZECGRYis6XzbhlPPZulsjRVZKvoIWKkpEy39Q8C/YxgUkTDWa2dXOThBLYdBxPq3Kyura+kZ1s7a1vbNbt/f270yUaA5dHslI9wNmQAoFXRQooR9rYGEgoRdML3O/9wDaiEjd4iwGP2QTJcaCM8ykoV03nlDUCxneB0F6Mx/aDafpFKDLxC1Jg5ToDO0vbxTxJASFXDJjBq4To58yjYJLmNe8xEDM+JRNYJBRxUIwfloEn9PjxDCMaAyaCkkLEX5vpCw0ZhYG2WSe0Cx6ufifN0hwfO6nQsUJguL5IRQSikOGa5E1AnQkNCCyPDnQrATONEMELSjjPBOTrKJa1oe7+P0y6Z023VbTda9bjfZFWU2VHJIjckJcckba5Ip0SJdwkpAn8kxerEfr1Xqz3n9GK1a5c0D+wPr4BjGYl9k=</latexit>

s 2 R
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< vanishes for n≥2 
(Froissart bound)
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s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>>

Cauchy

positive

   Energys = Energycm
2

2

Froissart,Martin’,…60s

Adams,Arkani-Hamed,Dubovsky,


Nicolis,Rattazzi’06,

…
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ItForward Scattering <latexit sha1_base64="085A39i1IzncX6/gO5C8Mqb/iT4=">AAAB+HicdVDLTgJBEJz1ifhCPXqZSEw8bWYRAtyIXjxiImACxPQODYzOPjLTa4KEf/CqJ2/Gq3/jwX9xQUzUaJ0qVd3p6vJjrSwJ8eYsLC4tr6xm1rLrG5tb27md3aaNEiOxISMdmUsfLGoVYoMUabyMDULga2z5N6dTv3WLxqoovKBRjN0ABqHqKwmUSs0ODZHgKpcXblWUKpUCF27xuFSoFlMiCuViyeOeK2bIsznqV7n3Ti+SSYAhSQ3Wtj0RU3cMhpTUOMl2EosxyBsYYDulIQRou+NZ2gk/TCxQxGM0XGk+E/H7xhgCa0eBn04GQEP725uKf3nthPqV7liFcUIYyukhUhpnh6w0Kq0BeU8ZJIJpcuQq5BIMEKFRHKRMxSTtJZv28fU0/580C65XcsV5MV87mTeTYfvsgB0xj5VZjZ2xOmswya7ZPXtgj86d8+Q8Oy+fowvOfGeP/YDz+gHQN5P/</latexit>

✓
<latexit sha1_base64="JFDH94rEXTnr7WEm2mp3LW1EGho=">AAACBHicdVDLTgJBEJzFF+Jr1aOXicTEE1leAgcTohePmAiYAJLeodEJs4/M9JIQwtWv8Konb8ar/+HBf3F5mKjROlWqutPV5YZKGnKcdyuxtLyyupZcT21sbm3v2Lt7DRNEWmBdBCrQ1y4YVNLHOklSeB1qBM9V2HQH51O/OURtZOBf0SjEjge3vuxLARRLXdumtpEeb9MdEtzkTp2unXYyxXKpXCnwmFQqOWdO8if5Es9mnBnSbIFa1/5o9wIReeiTUGBMK+uE1BmDJikUTlLtyGAIYgC32IqpDx6azniWfMKPIgMU8BA1l4rPRPy+MQbPmJHnxpMe0J357U3Fv7xWRP1yZyz9MCL0xfQQSYWzQ0ZoGVeCvCc1EsE0OXLpcwEaiFBLDkLEYhR3lIr7+Hqa/08auUy2mHEuC+nq2aKZJDtgh+yYZVmJVdkFq7E6E2zIHtgje7LurWfrxXqdjyasxc4++wHr7RMKU5fj</latexit>

t ⇠ ✓2 = 0
<latexit sha1_base64="7u8464IxumTZjdoM7jGpsrmYryk=">AAAB93icdVDLSgNBEJz1GeMr6tHLYBA8LZuXSQ5CUASPEcwDkjXMTjpxyOyDmV4hhHyDVz15E69+jgf/xdkkgorWqajqpqvLi6TQ6Djv1tLyyuraemojvbm1vbOb2dtv6jBWHBo8lKFqe0yDFAE0UKCEdqSA+Z6Elje6SPzWPSgtwuAGxxG4PhsGYiA4QyM19Nnlbb6XyTp2qVKuVIvUkGo178xJ4bRQpjnbmSFLFqj3Mh/dfshjHwLkkmndyTkRuhOmUHAJ03Q31hAxPmJD6BgaMB+0O5mFndLjWDMMaQSKCklnInzfmDBf67HvmUmf4Z3+7SXiX14nxkHFnYggihECnhxCIWF2SHMlTAtA+0IBIkuSAxUB5UwxRFCCMs6NGJta0qaPr6fp/6SZt3Ml27kuZmvni2ZS5JAckROSI2VSI1ekThqEE0EeyCN5ssbWs/Vivc5Hl6zFzgH5AevtE1xbkyE=</latexit>

s = E2Total energy
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<latexit sha1_base64="rlw1SKh5k64shyn37z0YAUby5/Y=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRbYDBHcIGhqkIJEEKQlofWzCKeeH7tZIyKLhK2ihokO0/AkF/4JtIsRrqtHMrnZ2/FhJQ7b9Zk1MTk3PzJbmyvMLi0vLlZXVtokSLbAlIhXpMx8MKhliiyQpPIs1QuAr7Pijw9zvXKM2MgpP6SbGfgDDUA6kAMqk854PmhveU4ofn7sXlapdazi229jhGXHr256XE8dr1F3u1OwCVTZG86Ly3ruMRBJgSEKBMV3HjqmfgiYpFN6We4nBGMQIhtjNaAgBmn5apL7lm4kBiniMmkvFCxG/b6QQGHMT+NlkAHRlfnu5+J/XTWiw109lGCeEocgPkVRYHDJCy6wO5JdSIxHkyZHLkAvQQIRachAiE5Osn3LRh5dj9+v7v6Tt1px6rX6yXd0/GDdTYutsg20xhzXYPjtiTdZigml2zx7Yo3VnPVnP1svn6IQ13lljP2C9fgBVE5aM</latexit>

=<latexit sha1_base64="MothCEB2wmoC7VC3OC+GyGrRDzA=">AAAB83icbVDLSgNBEJyNr7i+oh69DAbBU9g14OMQDHrxmIB5QLKE2UknDpl9MNMrhCVf4FVP3tSr3+EniAf/xd1NEDXWqajqpqvLDaXQaFkfRm5hcWl5Jb9qrq1vbG4VtneaOogUhwYPZKDaLtMghQ8NFCihHSpgniuh5Y4uU791C0qLwL/GcQiOx4a+GAjOMJHqlV6haJWsDHSe2DNSPH8zK+Hzu1nrFT67/YBHHvjIJdO6Y1shOjFTKLiEidmNNISMj9gQOgn1mQfaibOgE3oQaYYBDUFRIWkmws+NmHlajz03mfQY3ui/Xir+53UiHJw6sfDDCMHn6SEUErJDmiuRNAC0LxQgsjQ5UOFTzhRDBCUo4zwRo6QSM+vjLMXx9/fzpHlUssulct0qVi/IFHmyR/bJIbHJCamSK1IjDcIJkDtyTx6MyHg0noyX6WjOmO3skl8wXr8Axq6Uug==</latexit>

positives̄
<latexit sha1_base64="2K9qPot6e1Bu5wj2M278nXTh7sc=">AAAB+XicbVDLSgNBEJz1GddX1KOXwSB4CrMRkngQg148KhgTSELoHVsdMvtgpleQxY/wqifxIl79CD9BPPgv7q4ivupUVHXT1eXHWlkS4tUZG5+YnJouzbizc/MLi+Wl5WMbJUZiW0Y6Ml0fLGoVYpsUaezGBiHwNXb80V7udy7QWBWFR3QZ4yCAs1CdKgmUSZ2+D4ZbPixXRLXheTXh8YzUhGjWP4lX415VFKjsPLvb8f2LezAsv/VPIpkEGJLUYG3PEzENUjCkpMYrt59YjEGO4Ax7GQ0hQDtIi7hXfD2xQBGP0XCleSHi940UAmsvAz+bDIDO7W8vF//zegmdNgepCuOEMJT5IVIai0NWGpX1gPxEGSSCPDlyFXIJBojQKA5SZmKSFeMWfWzlqH99/5cc16reZnXzUFRau+wDJbbK1tgG81iDtdg+O2BtJtmIXbMbduukzp3z4Dx+jI45nzsr7Aecp3cbW5cs</latexit>

An > 0
<latexit sha1_base64="SpVTFMlFfDCyJgnDOTIQJ24H+T8=">AAACEXicbVC7SgNBFJ31GeMrKtiIMCiCVdgY8NFI1MZSwUQhCeHueNUhs7PLzF0hLFv5CX6FhY1WdiJ2foGFfou7axBfpzqcc+/cM8cLlbTkuq/OwODQ8MhoYaw4PjE5NV2amW3YIDIC6yJQgTnxwKKSGuskSeFJaBB8T+Gx193L/ONLNFYG+oh6IbZ9ONfyTAqgVOqUFuNW/kjsqQiTlg90IUDFO0lHb7tJp7Tslt0c/C+p9Mlybf7wXd7uPh90Sm+t00BEPmoSCqxtVtyQ2jEYkkJhUmxFFkMQXTjHZko1+GjbcZ4g4SuRBQp4iIZLxXMRv2/E4Fvb8710Mstpf3uZ+J/XjOhssx1LHUaEWmSHSCrMD1lhZNoP8lNpkAiy5Mil5gIMEKGRHIRIxSgtrJj3sZVh/ev3f0ljrVyplquHaTG77BMFtsCW2CqrsA1WY/vsgNWZYFfsht2xe+faeXAenafP0QGnvzPHfsB5+QBprKHj</latexit>

Calculable in EFT 
(coefficients of sn in tree amplitude)

= any energy within EFTs̄
<latexit sha1_base64="CCzdnrOfe2sNtDzsB89x4KCDdQw=">AAAB+HicbVDLSgNBEJz17fqKevQyGARPYSaK0YMY9OJRwUQhCdI7tjo6+2CmV9CQf/CqJ8GDePUn/ATx4L+4uwo+61RUddPVFSRGOxLi1evrHxgcGh4Z9cfGJyanStMzTRenVmFDxSa2BwE4NDrCBmkyeJBYhDAwuB+cb+X+/gVap+Nojy4T7IRwEuljrYAyqdkOwHJ3WCqLSk1KWVvmGakKIdZyIleqcoXLiihQ3nj215P7F3/nsPTWPopVGmJEyoBzLSkS6nTBklYGe347dZiAOocTbGU0ghBdp1uk7fGF1AHFPEHLteGFiN83uhA6dxkG2WQIdOp+e7n4n9dK6Xi109VRkhJGKj9E2mBxyCmrsxqQH2mLRJAnR64jrsACEVrNQalMTLNe/KKPtRxf3/8lzWpFLlWWdkW5vsk+MMLm2DxbZJLVWJ1tsx3WYIqdsWt2w269K+/Oe/AeP0b7vM+dWfYD3tM72IGXEQ==</latexit>

(n � 2)
<latexit sha1_base64="MsBNL0cyI36Lyc8JgWQmFTaNoo4=">AAACCnicbVC7SgNBFJ2NrxhfUcHGZjAIESFsEvDRBW0sI5hEyIYwO7nGIbOz68xdIaz5A0u/wFYrO7H1J1L4L+5ugvg61eGce+fcOW4ghUHbHluZmdm5+YXsYm5peWV1Lb++0TR+qDk0uC99fekyA1IoaKBACZeBBua5Elru4DTxW7egjfDVBQ4D6Hisr8SV4AxjqZvfctI3IleGMKJF5fThhlb2uvmCXbJT0L+kPCWF2o6z/zCuDevd/IfT83nogUIumTHtsh1gJ2IaBZcwyjmhgYDxAetDO6aKeWA6UZo9oruhYejTADQVkqYifN+ImGfM0HPjSY/htfntJeJ/XjvEq6NOJFQQIiieBKGQkAYZrkVcDNCe0IDIksuBCkU50wwRtKCM81gM46ZyaR/HCQ6+fv+XNCulcrVUPY+LOSETZMk22SFFUiaHpEbOSJ00CCd35JE8kWfr3nqxXq23yWjGmu5skh+w3j8BTdidMw==</latexit>

(n � 2)
<latexit sha1_base64="xgQSe0bjhAw4ZKdPlOj8oNRqa08=">AAACCXicbVC7SgNBFJ2NrxhfUbGyGRKEiBA2Cj66oI1lBPOAbAizk5s4ODu7ztwVwpIvsPUHbLWyE1u/IoX/4u4miBpPdTjn3jl3jhtIYdC2x1Zmbn5hcSm7nFtZXVvfyG9uNYwfag517ktft1xmQAoFdRQooRVoYJ4roeneXiR+8x60Eb66xmEAHY8NlOgLzjCWuvkdJ30j0tAb0ZJyBnBHD/e7+aJdtlPQWVKZkmK14Bw8jqvDWjf/6fR8HnqgkEtmTLtiB9iJmEbBJYxyTmggYPyWDaAdU8U8MJ0ojR7RvdAw9GkAmgpJUxF+bkTMM2boufGkx/DG/PUS8T+vHWL/tBMJFYQIiidBKCSkQYZrEfcCtCc0ILLkcqBCUc40QwQtKOM8FsO4qFzax1mC4+/fz5LGYblyVD66ios5JxNkyS4pkBKpkBNSJZekRuqEk4g8kWfyYj1Yr9ab9T4ZzVjTnW3yC9bHF3XhnLw=</latexit>An > 0

<latexit sha1_base64="FTKmGSGGvmDV0jxNen0yt7MYx3Q=">AAACEHicbVC7SgNBFJ31GeMrKthoMSiCVdgo+GgkxsYyAaNCEsLdyVUHZ2eXmbtCWLbxE/wKGwut7ESw8g8s9FvcXUV8nepwzr1zzxwvVNKS6744A4NDwyOjhbHi+MTk1HRpZvbQBpER2BSBCsyxBxaV1NgkSQqPQ4PgewqPvPO9zD+6QGNloA+oH2LHh1MtT6QASqVuaTFu54/EBntJ2wc6E6Di3aSrd9ykW1p2y24O/pdUPslydb7xJm9qT/Vu6bXdC0TkoyahwNpWxQ2pE4MhKRQmxXZkMQRxDqfYSqkGH20nzgMkfCWyQAEP0XCpeC7i940YfGv7vpdOZjntby8T//NaEZ1sdWKpw4hQi+wQSYX5ISuMTOtB3pMGiSBLjlxqLsAAERrJQYhUjNK+inkf2xk2vn7/lxyulSvr5fVGWkyNfaDAFtgSW2UVtsmqbJ/VWZMJdsmu2S27c66ce+fBefwYHXA+d+bYDzjP746eoWw=</latexit>

Consistency condition for EFTs

Adams,Arkani-Hamed,Dubovsky,

Nicolis,Rattazzi’06,


<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0Arcs:

UV      IR    (Dispersion) Relations
BSM EFT



More than positivity

positive
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Moments
<latexit sha1_base64="4LNga94EEZnsPwg5dm5l2f6fF5E=">AAACB3icbVBNT8JAFNz6ifiFePSykZjghbSGRI9ELx4xESGBQrbLAzdst83uq4E03P0VXvXk0Xj1Z3jwv9jWHhSc02Tmvbx544VSGLTtT2tldW19Y7OwVdze2d3bLx2U70wQaQ4tHshAdzxmQAoFLRQooRNqYL4noe1NrlK//QDaiEDd4iwE12djJUaCM0ykQancEwoHdt8Z9vyoOj2d9hOxYtfsDHSZODmpkBzNQemrNwx45INCLpkxXccO0Y2ZRsElzIu9yEDI+ISNoZtQxXwwbpxln9OTyDAMaAiaCkkzEX5vxMw3ZuZ7yaTP8N4seqn4n9eNcHThxkKFEYLi6SEUErJDhmuRlAJ0KDQgsjQ5UKEoZ5ohghaUcZ6IUdJSMenDWfx+mbTPak695jg39UrjMq+mQI7IMakSh5yTBrkmTdIinEzJE3kmL9aj9Wq9We8/oytWvnNI/sD6+Aag/JiR</latexit>Z 1

0
dµ(x)xn

variables  
change

a
APPLICATION

Sumeet
Showuguideo MM

IMDB.BBSJaathma.gg

Physic is Lee Pavich

Moments appear everywhere in physics…
<latexit sha1_base64="R3UtqEsst0FNMvcV+2eI1J8uEho=">AAAB+3icbVC7TsNAEDyHVwivACXNiQgpNJGNQFBG0FAGiTxQYkXnyyaccmdbd3uIyMpX0EJFh2j5GAr+Bce4gISpRjO72tkJYikMuu6nU1haXlldK66XNja3tnfKu3stE1nNockjGelOwAxIEUITBUroxBqYCiS0g/HVzG8/gDYiCm9xEoOv2CgUQ8EZptLdgPaUpdXH43654tbcDHSReDmpkByNfvmrN4i4VRAil8yYrufG6CdMo+ASpqWeNRAzPmYj6KY0ZAqMn2SBp/TIGoYRjUFTIWkmwu+NhCljJipIJxXDezPvzcT/vK7F4YWfiDC2CCGfHUIhITtkuBZpE0AHQgMimyUHKkLKmWaIoAVlnKeiTasppX14898vktZJzTuruTenlfpl3kyRHJBDUiUeOSd1ck0apEk4UeSJPJMXZ+q8Om/O+89owcl39skfOB/fKJiUCA==</latexit>

dµ(x) = mass distributionse.g. stones

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

n=2: moment of inertia <R2M 

Bounded

What bounds do moments satisfy?

n=0: total mass M (sets units)

n=1: centre of mass <RM 
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<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

…up to 3 arcs…

Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]

<latexit sha1_base64="V0nqczoQsRv1zMEy47FNJouhIm4=">AAAB/nicdVA9SwNBFNyL3/ErammzGAQtPPa8kMRCEG0sFYwJJFH21mdc3Ntbdt9JQhD8FbZa2Ymtf8XC/+IlRlDRqYaZ93jzJjJKOmTszcuNjU9MTk3P5Gfn5hcWC0vLpy5JrYCaSFRiGxF3oKSGGkpU0DAWeBwpqEfXBwO/fgPWyUSfYM9AO+YdLS+l4JhJLbPbPdMbwVZ38yw+LxSZz0phUAoo80MWlquljFQY2wkrNPDZEEUywtF54b11kYg0Bo1CceeaATPY7nOLUii4zbdSB4aLa96BZkY1j8G1+8PMt3Q9dRwTasBSqehQhO8bfR4714ujbDLmeOV+ewPxL6+Z4mW13ZfapAhaDA6hVDA85ISVWRlAL6QFRD5IDlRqKrjliGAl5UJkYpq1k8/6+Hqa/k9Ot/2g7G8fl4p7+6NmpskqWSMbJCAVskcOyRGpEUEMuScP5NG78568Z+/lczTnjXZWyA94rx/nFJWg</latexit>

p = xn(1� x)m

(Bernstein Polynomials)

…up to 4 arcs…

<latexit sha1_base64="yWKMFZBeNWwZQu94DhkBEnr1ubM=">AAACGnicbVC7TsNAEDyHVwgvAyXNiQhEFdm8ywANZZDIQ0pCtL5swonzQ3drJGT5D/gEvoIWKjpES0PBv2CHFECYajSzq50dL1LSkON8WIWp6ZnZueJ8aWFxaXnFXl1rmDDWAusiVKFueWBQyQDrJElhK9IIvqew6d2c5X7zFrWRYXBJdxF2fRgGciAFUCb17O3OQINIOj7QtQCVnKS9PXN1mP5SnLRnl52KMwKfJO6YlNkYtZ792emHIvYxIKHAmLbrRNRNQJMUCtNSJzYYgbiBIbYzGoCPppuM/kn5VmyAQh6h5lLxkYg/NxLwjbnzvWwyT2n+ern4n9eOaXDcTWQQxYSByA+RVDg6ZISWWVHI+1IjEeTJkcuAC9BAhFpyECIT46y5UtaH+/f7SdLYrbgHFediv1w9HTdTZBtsk+0wlx2xKjtnNVZngt2zR/bEnq0H68V6td6+RwvWeGed/YL1/gUBoqGe</latexit>

A3s6

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)
<latexit sha1_base64="tGz+zlRhzEUdaw+/flP3A7wWfHw=">AAAB/nicdVDLTgJBEJzFF+IL9ehlIjHBC9kF5HEjevGIiTwSlpDZocGJs7ObmV4jISR+hVc9eTNe/RUP/ovLiokarVOlqjtdXV4ohUHbfrNSS8srq2vp9czG5tb2TnZ3r22CSHNo8UAGuusxA1IoaKFACd1QA/M9CR3v+mzud25AGxGoS5yE0PfZWImR4AxjyXWFQjp0/Sh/ezzI5uzCSa1arxRpTOp1p2InpFQtFalTsBPkyALNQfbdHQY88kEhl8yYnmOH2J8yjYJLmGXcyEDI+DUbQy+mivlg+tMk84weRYZhQEPQVEiaiPB9Y8p8Yya+F0/6DK/Mb28u/uX1IhzV+lOhwghB8fkhFBKSQ4ZrEZcBdCg0ILJ5cqBCUc40QwQtKOM8FqO4nUzcx9fT9H/SLhacSqF8Uc41ThfNpMkBOSR54pAqaZBz0iQtwklI7skDebTurCfr2Xr5HE1Zi5198gPW6weXeJYS</latexit>Z

dµ(x)
<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.

<latexit sha1_base64="v/mueWOYHGlUOnvgiaYzmt+JhEE="></latexit>

p = x ! A1 � 0
<latexit sha1_base64="AHsMgf/J5PxvuEplewZBNhi9hH8="></latexit>

p = x(1� x) ! A1 � s2A1 � 0<latexit sha1_base64="LWBdDdwt6mpMh+2vIa+wN5MUfNY=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtNnFBfRG9OIREnkksCGzQ4MTZh+Z6TUhG77Aq568Ga9+kAf/xQExUaN1qlR1p6srSKTQ6DhvVm5ldW19I79Z2Nre2d0r7h+0dZwqDi0ey1h1A6ZBighaKFBCN1HAwkBCJ5hczf3OHSgt4ugGpwn4IRtHYiQ4QyM1y4NiybGdiuNVK9Sx3bNq7cIzpFIrG05d21mgRJZoDIrv/WHM0xAi5JJp3XOdBP2MKRRcwqzQTzUkjE/YGHqGRiwE7WeLoDN6kmqGMU1AUSHpQoTvGxkLtZ6GgZkMGd7q395c/MvrpTg69zMRJSlCxOeHUEhYHNJcCdMA0KFQgMjmyYGKiHKmGCIoQRnnRkxNJQXTx9fT9H/SLttu1faaXql+uWwmT47IMTklLqmROrkmDdIinAC5Jw/k0UqtJ+vZevkczVnLnUPyA9brB4pjkY4=</latexit>

2



An > 0
<latexit sha1_base64="SpVTFMlFfDCyJgnDOTIQJ24H+T8=">AAACEXicbVC7SgNBFJ31GeMrKtiIMCiCVdgY8NFI1MZSwUQhCeHueNUhs7PLzF0hLFv5CX6FhY1WdiJ2foGFfou7axBfpzqcc+/cM8cLlbTkuq/OwODQ8MhoYaw4PjE5NV2amW3YIDIC6yJQgTnxwKKSGuskSeFJaBB8T+Gx193L/ONLNFYG+oh6IbZ9ONfyTAqgVOqUFuNW/kjsqQiTlg90IUDFO0lHb7tJp7Tslt0c/C+p9Mlybf7wXd7uPh90Sm+t00BEPmoSCqxtVtyQ2jEYkkJhUmxFFkMQXTjHZko1+GjbcZ4g4SuRBQp4iIZLxXMRv2/E4Fvb8710Mstpf3uZ+J/XjOhssx1LHUaEWmSHSCrMD1lhZNoP8lNpkAiy5Mil5gIMEKGRHIRIxSgtrJj3sZVh/ev3f0ljrVyplquHaTG77BMFtsCW2CqrsA1WY/vsgNWZYFfsht2xe+faeXAenafP0QGnvzPHfsB5+QBprKHj</latexit>

Bounds onBounds on      and 
on EFT Wilson coefficients

An > 0
<latexit sha1_base64="FTKmGSGGvmDV0jxNen0yt7MYx3Q=">AAACEHicbVC7SgNBFJ31GeMrKthoMSiCVdgo+GgkxsYyAaNCEsLdyVUHZ2eXmbtCWLbxE/wKGwut7ESw8g8s9FvcXUV8nepwzr1zzxwvVNKS6744A4NDwyOjhbHi+MTk1HRpZvbQBpER2BSBCsyxBxaV1NgkSQqPQ4PgewqPvPO9zD+6QGNloA+oH2LHh1MtT6QASqVuaTFu54/EBntJ2wc6E6Di3aSrd9ykW1p2y24O/pdUPslydb7xJm9qT/Vu6bXdC0TkoyahwNpWxQ2pE4MhKRQmxXZkMQRxDqfYSqkGH20nzgMkfCWyQAEP0XCpeC7i940YfGv7vpdOZjntby8T//NaEZ1sdWKpw4hQi+wQSYX5ISuMTOtB3pMGiSBLjlxqLsAAERrJQYhUjNK+inkf2xk2vn7/lxyulSvr5fVGWkyNfaDAFtgSW2UVtsmqbJ/VWZMJdsmu2S27c66ce+fBefwYHXA+d+bYDzjP746eoWw=</latexit>

<latexit sha1_base64="yWKMFZBeNWwZQu94DhkBEnr1ubM=">AAACGnicbVC7TsNAEDyHVwgvAyXNiQhEFdm8ywANZZDIQ0pCtL5swonzQ3drJGT5D/gEvoIWKjpES0PBv2CHFECYajSzq50dL1LSkON8WIWp6ZnZueJ8aWFxaXnFXl1rmDDWAusiVKFueWBQyQDrJElhK9IIvqew6d2c5X7zFrWRYXBJdxF2fRgGciAFUCb17O3OQINIOj7QtQCVnKS9PXN1mP5SnLRnl52KMwKfJO6YlNkYtZ792emHIvYxIKHAmLbrRNRNQJMUCtNSJzYYgbiBIbYzGoCPppuM/kn5VmyAQh6h5lLxkYg/NxLwjbnzvWwyT2n+ern4n9eOaXDcTWQQxYSByA+RVDg6ZISWWVHI+1IjEeTJkcuAC9BAhFpyECIT46y5UtaH+/f7SdLYrbgHFediv1w9HTdTZBtsk+0wlx2xKjtnNVZngt2zR/bEnq0H68V6td6+RwvWeGed/YL1/gUBoqGe</latexit>

A3s6

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

1. Bounds on EFTs



|A
m

p|

0

A(s) = c0 + c2s
2 + c4s

4 + c6s
6 + c8s

8 + · · ·
<latexit sha1_base64="8z8h7RXOJrMosb7h03UKj/14rkQ="></latexit>

 

IE

I
Energy2

M2

e+ e- ➙ µ+ µ- 
(BhaBha)

Higgs 
scattering

possible?

1. How “soft” can EFTs be?

<latexit sha1_base64="1/7qipZYhtnY7aXqFMexwns1B2Q=">AAACA3icdVDJSgNBEO2JW4xLRj16aQyCpzCTxCy3oBePEcwCyRB6OpXYpGehu0YIIUe/wquevIlXP8SD/+LMJIKKPurweK+KqnpuKIVGy3o3MmvrG5tb2e3czu7eft48OOzoIFIc2jyQgeq5TIMUPrRRoIReqIB5roSuO71M/O4dKC0C/wZnITgem/hiLDjDWBqa+UEoksJgSYZmwSqe12uNaonGpNGwq1ZKyrVyidpFK0WBrNAamh+DUcAjD3zkkmndt60QnTlTKLiERW4QaQgZn7IJ9GPqMw+0M08PX9DTSDMMaAiKCklTEb5PzJmn9cxz406P4a3+7SXiX14/wnHdmQs/jBB8nixCISFdpLkScSJAR0IBIksuByp8ypliiKAEZZzHYhRHlIvz+Hqa/k86paJdLVauK4XmxSqZLDkmJ+SM2KRGmuSKtEibcBKRB/JInox749l4MV6XrRljNXNEfsB4+wR/VZhC</latexit>

⇡⇡ ! ⇡⇡scattering
<latexit sha1_base64="H+RFNkAtIP35k3UTRzm5C8jbAU0=">AAACBHicdVA9SwNBEN3z2/h1ammzGARBCHeJ5qMTbSwVjAq5EObWURf37pbdOSEEW3+FrVZ2Yuv/sPC/uDkjqOgrhsd7M8zMi7WSloLgzRsbn5icmp6ZLc3NLywu+csrJzbLjcC2yFRmzmKwqGSKbZKk8EwbhCRWeBpf7w/90xs0VmbpMfU1dhO4TOWFFEBO6vl+pGVEmatbESh9BT2/HFR2mo1WvcodabXCelCQWqNW5WElKFBmIxz2/PfoPBN5gikJBdZ2wkBTdwCGpFB4W4pyixrENVxix9EUErTdQXH5Ld/ILVDGNRouFS9E/D4xgMTafhK7zgToyv72huJfXieni2Z3IFOdE6ZiuIikwmKRFUa6SJCfS4NEMLwcuUy5AANEaCQHIZyYu4xKLo+vp/n/5KRaCeuV7aPt8u7eKJkZtsbW2SYLWYPtsgN2yNpMsBt2zx7Yo3fnPXnP3stn65g3mlllP+C9fgDfwphv</latexit>

⇡ ! ⇡ + ↵
<latexit sha1_base64="ccjEqzeNhxk6YsHaSOJsXdh5b2U=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQLx4xkYcBJLNDgxNmdjczvSZkw1d41ZM349WP8eC/uKyYqNE6Vaq609XlBlIYtO03K7W0vLK6ll7PbGxube9kd/daxg81hyb3pa87LjMghQdNFCihE2hgypXQdifnc799B9oI37vCaQB9xcaeGAnOMJauT3tGKGpuCoNszs6fVCu1coHGpFZzynZCipVigTp5O0GOLNAYZN97Q5+HCjzkkhnTdewA+xHTKLiEWaYXGggYn7AxdGPqMQWmHyWBZ/QoNAx9GoCmQtJEhO8bEVPGTJUbTyqGt+a3Nxf/8rohjqr9SHhBiODx+SEUEpJDhmsRNwF0KDQgsnlyoMKjnGmGCFpQxnkshnE1mbiPr6fp/6RVyDvlfOmylKufLZpJkwNySI6JQyqkTi5IgzQJJ4rckwfyaM2sJ+vZevkcTVmLnX3yA9brB02olMs=</latexit>

A ⇠ s2
Symmetry

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sN
Symmetry

Tree-level:



A(s) = c0 + c2s
2 + c4s

4 + c6s
6 + c8s

8 + · · ·
<latexit sha1_base64="8z8h7RXOJrMosb7h03UKj/14rkQ="></latexit>

A(s) = c0 + c2s
2 + c4s

4 + c6s
6 + c8s

8 + · · ·
<latexit sha1_base64="8z8h7RXOJrMosb7h03UKj/14rkQ="></latexit>

��� ��� ��� ��� ��� ���
���

���

���

���

���

���

<latexit sha1_base64="s1lwh/kzoYCchVDnV5bQAojsN6Q=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiuwoCMoIGsogkYeUhGh92YRTzg/drZEiKx/AV9BCRYdo+QwK/gXHuICEqUYzu9rZ8SIlDTnOp7Wyura+sVnYKm7v7O7t2weHLRPGWmBThCrUHQ8MKhlgkyQp7EQawfcUtr3J1dxvP6A2MgxuaRph34dxIEdSAKXSwC71RhpEIgY1bu6qs5RUZwO77FScDHyZuDkpsxyNgf3VG4Yi9jEgocCYrutE1E9AkxQKZ8VebDACMYExdlMagI+mn2ThZ/wkNkAhj1BzqXgm4u+NBHxjpr6XTvpA92bRm4v/ed2YRhf9RAZRTBiI+SGSCrNDRmiZtoJ8KDUSwTw5chlwARqIUEsOQqRinNZUTPtwF79fJq1qxT2rODe1cv0yb6bAjtgxO2UuO2d1ds0arMkEm7In9sxerEfr1Xqz3n9GV6x8p8T+wPr4BvhamOc=</latexit>

c4s2

c2

<latexit sha1_base64="QG0SYpVBvENqxN/vzeR9K2x+mNY=">AAACB3icbVDLTgJBEJzFF+IL5ehlIjHxRHYJPo5ELx4xkUcCK+kdGpww+8hMrwnZ8AF+hVc9eTNe/QwP/osL7kHBOlWqutPV5UVKGrLtTyu3srq2vpHfLGxt7+zuFfcPWiaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvjq5nffkBtZBjc0iRC14dRIIdSAKVSv1jqDTWIRPTPuLmrTVNSnfaLZbtiz8GXiZORMsvQ6Be/eoNQxD4GJBQY03XsiNwENEmhcFroxQYjEGMYYTelAfho3GQefsqPYwMU8gg1l4rPRfy9kYBvzMT30kkf6N4sejPxP68b0/DCTWQQxYSBmB0iqXB+yAgt01aQD6RGIpglRy4DLkADEWrJQYhUjNOaCmkfzuL3y6RVrTinFfumVq5fZs3k2SE7YifMYeeszq5ZgzWZYBP2xJ7Zi/VovVpv1vvPaM7KdkrsD6yPb/62mOs=</latexit>

c6s4

c2

<latexit sha1_base64="N7cSkM79gTj1UBCOJDjg/+kX/GI=">AAACE3icbVA9SwNBEN2LXzF+RS0tXAyCVbgLMVqFoI2lglEhOY+9yahL9j7YnRMkWPoT/BW2WtmJrT/Awv/iXkyhia+Zx3szzMwLUyUNue6nU5ianpmdK86XFhaXllfKq2tnJsk0YBsSleiLUBhUMsY2SVJ4kWoUUajwPOwf5v75LWojk/iU7lL0I3EdyysJgqwUlDchqHFzWWtyCOqW1JsQNGxtNLvQS8gE5YpbdYfgk8QbkQob4Tgof3V7CWQRxgRKGNPx3JT8gdAkQeF9qZsZTAX0xTV2LI1FhMYfDB+559uZEZTwFDWXig9F/D0xEJExd1FoOyNBN2bcy8X/vE5GV/v+QMZpRhhDvoikwuEiA1rahJD3pEYikV+OXMYchBZEqCUXAFbMbGQlm4c3/v0kOatVvd2qe1KvtA5GyRTZBttiO8xje6zFjtgxazNgD+yJPbMX59F5dd6c95/WgjOaWWd/4Hx8Ay52nA4=</latexit>

c2s
2 > c4s

4 > c6s
6 > · · ·

Bellazzini, Elias-Miro, Rattazzi, Riembau, FR’20

<latexit sha1_base64="N7cSkM79gTj1UBCOJDjg/+kX/GI=">AAACE3icbVA9SwNBEN2LXzF+RS0tXAyCVbgLMVqFoI2lglEhOY+9yahL9j7YnRMkWPoT/BW2WtmJrT/Awv/iXkyhia+Zx3szzMwLUyUNue6nU5ianpmdK86XFhaXllfKq2tnJsk0YBsSleiLUBhUMsY2SVJ4kWoUUajwPOwf5v75LWojk/iU7lL0I3EdyysJgqwUlDchqHFzWWtyCOqW1JsQNGxtNLvQS8gE5YpbdYfgk8QbkQob4Tgof3V7CWQRxgRKGNPx3JT8gdAkQeF9qZsZTAX0xTV2LI1FhMYfDB+559uZEZTwFDWXig9F/D0xEJExd1FoOyNBN2bcy8X/vE5GV/v+QMZpRhhDvoikwuEiA1rahJD3pEYikV+OXMYchBZEqCUXAFbMbGQlm4c3/v0kOatVvd2qe1KvtA5GyRTZBttiO8xje6zFjtgxazNgD+yJPbMX59F5dd6c95/WgjOaWWd/4Hx8Ay52nA4=</latexit>

c2s
2 > c4s

4 > c6s
6 > · · ·

Froissart

cNsN
<latexit sha1_base64="hjePOmtOJRmYohv/B6aEy8sqWNI="></latexit>

A
<latexit sha1_base64="kkF+GGC73N2V7Fu6rjDV39dL0tw=">AAAB83icbVDLSgNBEJyNr7i+oh69DAbBU9g14OMgRr14TMA8IFnC7KQTh8w+mOkVwpIv8Konb+rV7/ATxIP/4u4miBrrVFR109XlhlJotKwPIzc3v7C4lF82V1bX1jcKm1sNHUSKQ50HMlAtl2mQwoc6CpTQChUwz5XQdIeXqd+8BaVF4F/jKATHYwNf9AVnmEi1826haJWsDHSW2FNSPHszT8Pnd7PaLXx2egGPPPCRS6Z127ZCdGKmUHAJY7MTaQgZH7IBtBPqMw+0E2dBx3Qv0gwDGoKiQtJMhJ8bMfO0HnluMukxvNF/vVT8z2tH2D92YuGHEYLP00MoJGSHNFciaQBoTyhAZGlyoMKnnCmGCEpQxnkiRkklZtbHSYrD7+9nSeOgZJdL5ZpVrFyQCfJkh+ySfWKTI1IhV6RK6oQTIHfknjwYkfFoPBkvk9GcMd3ZJr9gvH4BzOqUvg==</latexit>
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I

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

II

I
c2s

2
<latexit sha1_base64="liOa04EgPcmd+IjlBEbhG1oI9ZU=">AAAB+HicbVC7SgNBFJ2N7/iKCjY2g0GwCjsbSUwXtLFUMA+IMcxObuKY2Qczd4UY8g+2WtmJhY3f4E9Y6Le4uxF8nupwzr3cc48bKmnQtl+tzNT0zOzc/EJ2cWl5ZTW3tl43QaQF1ESgAt10uQElfaihRAXNUAP3XAUNd3CY+I0r0EYG/ikOQ2h7vO/LnhQcY6kuOo45dzq5vF0oM8bKezQmjm3blYSwksNKlBXsFPnq5sm7fDp4Oe7k3s66gYg88FEobkyL2SG2R1yjFArG2bPIQMjFgPehFVOfe2DaozTtmO5EhmNAQ9BUKpqK8H1jxD1jhp4bT3ocL8xvLxH/81oR9vbbI+mHEYIvkkMoFaSHjNAyrgFoV2pA5ElyoNKngmuOCFpSLkQsRnEv2bSPSoKv7/+SulNgxULxJC7mgEwwT7bINtkljJRJlRyRY1IjglySG3JL7qxr6956sB4noxnrc2eD/ID1/AEVaZdE</latexit>

<latexit sha1_base64="M9sXGPHm8M8Pc02eZZxMIJl88gQ=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjEJQRNJRBkIeUmGh92YRTzg/drUFRlE+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rsLS8srpWXC9tbG5t75R391omjLXApghVqDseGFQywCZJUtiJNILvKWx748vUbz+gNjIMbmkSoevDKJBDKYAS6cbc1frlil21M/BF4uSkwnI0+uWv3iAUsY8BCQXGdB07IncKmqRQOCv1YoMRiDGMsJvQAHw07jSLOuNHsQEKeYSaS8UzEX9vTME3ZuJ7yaQPdG/mvVT8z+vGNDx3pzKIYsJApIdIKswOGaFl0gHygdRIBGly5DLgAjQQoZYchEjEOCmllPThzH+/SFq1qnNata9PKvWLvJkiO2CH7Jg57IzV2RVrsCYTbMSe2DN7sR6tV+vNev8ZLVj5zj77A+vjG6uzkiQ=</latexit>

s2EFT only works here

<latexit sha1_base64="ljnFcX//UfLOecs2noR7qQHSWUc=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtNnlIXAjevGIUR4JbMjs0OCE2UdmejWE8Ale9eTNePV7PPgv7i6YqNE6Vaq609XlhlJotKx3I7Oyura+kd3MbW3v7O7l9w/aOogUhxYPZKC6LtMghQ8tFCihGypgniuh404uEr9zB0qLwL/BaQiOx8a+GAnOMJau+cAa5AuWWalVa/UyjUm9XrQWpHRWqlLbtFIUyBLNQf6jPwx45IGPXDKte7YVojNjCgWXMM/1Iw0h4xM2hl5MfeaBdmZp1Dk9iTTDgIagqJA0FeH7xox5Wk89N570GN7q314i/uX1IhzVnJnwwwjB58khFBLSQ5orEXcAdCgUILIkOVDhU84UQwQlKOM8FqO4lFzcx9fT9H/SLpp2xbSuyoXG+bKZLDkix+SU2KRKGuSSNEmLcDImD+SRPBn3xrPxYrwuRjPGcueQ/IDx9gkrAZJ6</latexit>c0

1. How “soft” can EFTs be?

Very soft theories have low cutoff…

(dimension>8 operators cannot dominate)
… so low that they are unobservable!

Obvious in specific weakly coupled models (E/M<<1), Less obvious in general: 
  Goldstone bosons appeared to have naturally soft amplitudes



Predictions 

       Hypotheses

Standard Model

BSMBroadest

dim-6

dim-8

dim-10

dim-12

dim-8

Always smaller

Bellazzini, Elias-Miro, Rattazzi, Riembau, FR’20

Positive

dim-10

dim-12

1. How “soft” can EFTs be?



2. Massive Higher Spin

Why are we not searching for 
higher-spin particles at the LHC?

Standard Model

Energy

spin J≥2

BSM

Other States

?



Bellazzini,Serra,Sgarlata,FR’19

Bertucci,McPeak,Ricossa,FR,Vichi’to appear

2. Massive Higher Spin

Higher Spin resonances exist in QCD, Nuclei/atoms, Strings,… 

mHS & 1

LHS
<latexit sha1_base64="j+7ZJnon4UdQav3mCyrAF4DRxCk=">AAACEnicbVC7TsNAEDyHd3gFKJHQiQiJKrIB8egQNBQUQRCIlETR+rIJJ+5s626NhCx3fAJfQQsVHaLlByj4F2wTIV5TjWZmtbvjR0pact03pzQyOjY+MTlVnp6ZnZuvLCye2zA2AhsiVKFp+mBRyQAbJElhMzII2ld44V8d5v7FNRorw+CMbiLsaBgEsi8FUCZ1Kyu6mxydpu0BZRnN230DIvHS5LiQ026l6tbcAvwv8Yakyoaodyvv7V4oYo0BCQXWtjw3ok4ChqRQmJbbscUIxBUMsJXRADTaTlL8kfK12AKFPELDpeKFiN8nEtDW3mg/S2qgS/vby8X/vFZM/d1OIoMoJgxEvoikwmKRFUZmBSHvSYNEkF+OXAZcgAEiNJKDEJkYZ42Viz72cmx/ff+XnG/UvM3a5slWdf9g2MwkW2arbJ15bIftsyNWZw0m2C27Zw/s0blznpxn5+UzWnKGM0vsB5zXD5nknls=</latexit>

Can there be lighter HS states?

(J>2)

�µ1···µJ
<latexit sha1_base64="LE+6dfMCneAraKjwIe9yaVWquOE=">AAACC3icbVC7TsNAEDzzDOFloKCgOREhUUU2IEEZQYOogkQeUmys82WTnHJ+6G6NFFn+BL6CFio6RMtHUPAv2CYFJEw1mtnV7owfS6HRsj6NhcWl5ZXVylp1fWNza9vc2W3rKFEcWjySker6TIMUIbRQoIRurIAFvoSOP74q/M4DKC2i8A4nMbgBG4ZiIDjDXPLMfac5EvepEySe7fB+hLqgN5ln1qy6VYLOE3tKamSKpmd+Of2IJwGEyCXTumdbMbopUyi4hKzqJBpixsdsCL2chiwA7aZlgIweJZphRGNQVEhaivB7I2WB1pPAzycDhiM96xXif14vwcGFm4owThBCXhxCIaE8pLkSeTNA+0IBIis+BypCypliiKAEZZznYpJXVc37sGfTz5P2Sd0+rVu3Z7XG5bSZCjkgh+SY2OScNMg1aZIW4SQjT+SZvBiPxqvxZrz/jC4Y05098gfGxzffeJsZ</latexit>

Interactions grow with E . 1

LHS
<latexit sha1_base64="NJCyS8eu4IPaRF7Tjgn/Jo5sIX0=">AAACDnicbVDLSgNBEJz1GeMr6k0vg0HwFHZVfNyCIuTgIaIxQhJC76QTB2cfzPQKYVnwE/wKr3ryJl79BQ/+i7trEF91Kqq66a5yQyUN2fabNTY+MTk1XZgpzs7NLyyWlpYvTBBpgQ0RqEBfumBQSR8bJEnhZagRPFdh070+yvzmDWojA/+chiF2PBj4si8FUCp1S6vHbYXGGOnxdl+DiJ0kPunGtbMk6ZbKdsXOwf8SZ0TKbIR6t/Te7gUi8tAnocCYlmOH1IlBkxQKk2I7MhiCuIYBtlLqg4emE+cZEr4RGaCAh6i5VDwX8ftGDJ4xQ89NJz2gK/Pby8T/vFZE/f1OLP0wIvRFdoikwvyQEVqm5SDvSY1EkH2OXPpcgAYi1JKDEKkYpW0V8z4OMux+pf9LLrYqznZl+3SnXD0cNVNga2ydbTKH7bEqq7E6azDBbtk9e2CP1p31ZD1bL5+jY9ZoZ4X9gPX6ATUinIM=</latexit>

A(�� ! ��) / s2

m4
HS

+ · · ·+ s2J

m4J
HS

<latexit sha1_base64="PUOCM5mkRVPEB++dnWTi/TyEakE="></latexit>

c2
<latexit sha1_base64="marYyA7IpFEku4wQkemBWxXAoMQ=">AAAB9XicbVC5TsNAFFyHK4QrQEmzIkKiiuzcdBE0lEGQQ0qsaL15CausD+0+g6Ion0ALFR2i5Xso+Bdsx0JcU41m3tObN04ghUbTfDcyK6tr6xvZzdzW9s7uXn7/oKP9UHFoc1/6qucwDVJ40EaBEnqBAuY6ErrO9CL2u3egtPC9G5wFYLts4omx4Awj6ZoPS8N8wSyeVUsV06JmsdqoN8xaRMwE1EpJgaRoDfMfg5HPQxc85JJp3bfMAO05Uyi4hEVuEGoIGJ+yCfQj6jEXtD1Poi7oSagZ+jQARYWkiQjfN+bM1XrmOtGky/BW//Zi8T+vH+K4Yc+FF4QIHo8PoZCQHNJciagDoCOhAJHFyYEKj3KmGCIoQRnnkRhGpeSWfcSofX3/l3RKRatcLF9VCs3ztJksOSLH5JRYpE6a5JK0SJtwMiEP5JE8GffGs/FivC5HM0a6c0h+wHj7BP6Akn8=</latexit>

c2J
<latexit sha1_base64="yMANQdcH/S6DRe/dN4CsJ893W6g=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJyrLzpougQVRBIglSEkXnyyYcOT90t0YKVv6BFio6RMvfUPAv2ImFeE01mtnVzo4TSKHRst6NzNLyyupadj23sbm1vZPf3WtrP1QcWtyXvrp2mAYpPGihQAnXgQLmOhI6zuQs8Tt3oLTwvSucBtB32dgTI8EZxlKbD6LixWyQL1jmSaVYtmxqmZV6rW5VY2LNQe2UFEiK5iD/0Rv6PHTBQy6Z1l3bCrAfMYWCS5jleqGGgPEJG0M3ph5zQfejedoZPQo1Q58GoKiQdC7C942IuVpPXSeedBne6N9eIv7ndUMc1fuR8IIQwePJIRQS5oc0VyKuAehQKEBkSXKgwqOcKYYISlDGeSyGcS+5RR8Jql/f/yXtommXzNJludA4TZvJkgNySI6JTWqkQc5Jk7QIJ7fkgTySJ+PeeDZejNfFaMZId/bJDxhvn2fPk98=</latexit>

/
<latexit sha1_base64="Pm8u+Xk0h9v8Zr9Jh1GOhEJyFy0=">AAAB+XicbVDLTsJAFJ3iC/GFunQzkZi4alohIDuiG5eYiJAAIdPhghOm7WTm1oQ0fIRbXbkzbv0aF/6Lba3G11mdnHNv7rnHU1IYdJxXq7C0vLK6VlwvbWxube+Ud/euTRhpDh0eylD3PGZAigA6KFBCT2lgvieh683OU797C9qIMLjCuYKhz6aBmAjOMJG6A6VDheGoXHFtJwN17IbTrFXrCcmVT6tCcrRH5bfBOOSRDwFyyYzpu47CYcw0Ci5hURpEBhTjMzaFfkID5oMZxlncBT2KDMOQKtBUSJqJ8H0jZr4xc99LJn2GN+a3l4r/ef0IJ6fDWAQqQgh4egiFhOyQ4VokPQAdCw2ILE0OVASUM80QQQvKOE/EKCmmlPTh2M0U9a/v/5LrE9ut2tXLWqV1ljdTJAfkkBwTlzRIi1yQNukQTmbkjtyTByu2Hq0n6/ljtGDlO/vkB6yXd6TQlJo=</latexit> > s̄2J�2

<latexit sha1_base64="vPU7hZBJRA3xUY2pcuuFnKP5LHk=">AAACAHicbVC5TsNAEF2HK4QrQEmzIkKiwXISwtEgBA2iAokAUi6NN5OwYn1od4wUWWn4Clqo6BAtf0LBv2CbgLhe9fTejObNc0MlDTnOq5UbG5+YnMpPF2Zm5+YXiotL5yaItMC6CFSgL10wqKSPdZKk8DLUCJ6r8MK9Pkz9ixvURgb+GQ1CbHnQ92VPCqBEau81XdDctOPK8UZl2CmWyraTgTv2Vm2ztl1LyEj5tEpshJNO8a3ZDUTkoU9CgTGNshNSKwZNUigcFpqRwRDENfSxkVAfPDStOEs95GuRAQp4iJpLxTMRv2/E4Bkz8Nxk0gO6Mr+9VPzPa0TU22nF0g8jQl+kh0gqzA4ZoWVSB/Ku1EgEaXLk0ucCNBChlhyESMQo6aeQ9OHYuym2vr7/S84rdrlqV083S/sHo2bybIWtsnVWZttsnx2xE1Zngml2x+7Zg3VrPVpP1vPHaM4a7SyzH7Be3gE2UJZ2</latexit>

mHS & 1

LHS
<latexit sha1_base64="2i5PZBGESN/WBHXbGfWjFvJy6yM="></latexit>

Resonances of Spin>2 always heavier than their size-1

No light higher spin particles No dedicated LHC searches
No Massive Gravity

<latexit sha1_base64="G+9boq8J9biU/FYN/PgfoiCpNZQ=">AAAB+3icdVC7TgJBFJ31ifhCLW0mEhOrdRZBoCNiYWEBiSAGCZkdLjph9pGZuyZkw1fYamVnbP0YC//FXcREjZ7q5Jx7c889bqikQcberLn5hcWl5cxKdnVtfWMzt7XdNkGkBbREoALdcbkBJX1ooUQFnVAD91wFl+6onvqXd6CNDPwLHIfQ8/iNL4dScEykK+fwvB8366eTfi7P7GrluFQ5osx2ClVWdFJSLJULjDo2myJPZmj0c+/Xg0BEHvgoFDem67AQezHXKIWCSfY6MhByMeI30E2ozz0wvXgaeEL3I8MxoCFoKhWdivB9I+aeMWPPTSY9jrfmt5eKf3ndCIeVXiz9MELwRXoIpYLpISO0TJoAOpAaEHmaHKj0qeCaI4KWlAuRiFFSTTbp4+tp+j9pF2ynZLNmMV87mTWTIbtkjxwQh5RJjZyRBmkRQTxyTx7IozWxnqxn6+VzdM6a7eyQH7BePwDizpSD</latexit>

1/LQCD



3. Chiral Perturbation Theory

Understanding pions? 
Predictions for composite 

 Higgs models? 

L
L L

L



3.Dispersion relations in ChPT

Roy’71

Roy Equations to improve fit to experimental data:

complicated kernel 
without manifest generic 

properties

Can we learn something about the structure of QCD? 
separate theory predictions from experimental input

measure al at all energiesobtain al in IR

Ananthanarayan, Colangelo, Gasser, Leutwyler ’01




3.Dispersion relations in ChPT

Mateu, Manohar ’08

Distler, Grinstein, Porto, Rothstein ’06

Theory “Positivity” bounds on pion amplitude coefficients:

<latexit sha1_base64="4fD+3RrbPbEZJn5vUfEMV8wjMMk=">AAAB/HicbVDLSsNAFJ3UV62vqks3g0UQhJKUoq6k6MZlBfvANoTJ9LYOnUzCzI1QQv0Kt7pyJ279Fxf+i0nsQlvP6nDOvdxzjx9JYdC2P63C0vLK6lpxvbSxubW9U97da5sw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2V+5wG0EaG6xUkEbsBGSgwFZ5hKd9JzTmrSq13YXrliV+0cdJE4M1IhMzS98ld/EPI4AIVcMmN6jh2hmzCNgkuYlvqxgYjxMRtBL6WKBWDcJE88pUexYRjSCDQVkuYi/N5IWGDMJPDTyYDhvZn3MvE/rxfj8NxNhIpiBMWzQygk5IcM1yKtAuhAaEBkWXKgQlHONEMELSjjPBXjtJtS2ocz//0iadeqzmm1flOvNC5nzRTJATkkx8QhZ6RBrkmTtAgnijyRZ/JiPVqv1pv1/jNasGY7++QPrI9veGuUMA==</latexit>

l1 + 2l2 > 0
<latexit sha1_base64="suEVPVSUWbdAZlSaHFowB8ItZRI=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRWXYUhZQRNJRBIg+UWNH5sgmn3NnW3RopsvIVtFDRIVo+hoJ/wTYuIGGq0cyudnb8SAqDjvNpra1vbG5tl3bKu3v7B4eVo+OuCWPNocNDGeq+zwxIEUAHBUroRxqY8iX0/Nl15vceQRsRBnc4j8BTbBqIieAMU+m+adeGkXLsxqhSdWwnB10lbkGqpEB7VPkajkMeKwiQS2bMwHUi9BKmUXAJi/IwNhAxPmNTGKQ0YAqMl+SBF/Q8NgxDGoGmQtJchN8bCVPGzJWfTiqGD2bZy8T/vEGMk6aXiCCKEQKeHUIhIT9kuBZpE0DHQgMiy5IDFQHlTDNE0IIyzlMxTqspp324y9+vkm7Ndht2/bZebV0VzZTIKTkjF8Qll6RFbkibdAgnijyRZ/JiLaxX6816/xlds4qdE/IH1sc3u1WTxw==</latexit>

8.2± 0.6
<latexit sha1_base64="BXmHbPv+VpDQPvhrP/uYnPqprXM=">AAAB93icbVC7TsNAEFzzDOEVoKQ5ESFRRXYUARWKoKEMEk4iJVZ0vmzCKeeH7tZIUZRvoIWKDtHyORT8C7ZxAQlTjWZ2tbPjx0oasu1Pa2V1bX1js7RV3t7Z3duvHBy2TZRoga6IVKS7PjeoZIguSVLYjTXywFfY8Sc3md95RG1kFN7TNEYv4ONQjqTglEquGtSv7EGlatfsHGyZOAWpQoHWoPLVH0YiCTAkobgxPceOyZtxTVIonJf7icGYiwkfYy+lIQ/QeLM87JydJoZTxGLUTCqWi/h7Y8YDY6aBn04GnB7MopeJ/3m9hEaX3kyGcUIYiuwQSYX5ISO0TFtANpQaiXiWHJkMmeCaE6GWjAuRiklaSzntw1n8fpm06zXnvNa4a1Sb10UzJTiGEzgDBy6gCbfQAhcESHiCZ3ixptar9Wa9/4yuWMXOEfyB9fENm4mSpQ==</latexit>

l2 > 0
<latexit sha1_base64="5peMKCz2QliuxjHjqeLCiT4DyLg=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRWTZEQBlBQxkk8kCJFZ0vm3DKnX26WyNFUb6CFio6RMvHUPAv2MYFJEw1mtnVzk6opbDoeZ/O0vLK6tp6aaO8ubW9s1vZ22/ZODEcmjyWsemEzIIUETRRoISONsBUKKEdjq8zv/0Ixoo4usOJhkCxUSSGgjNMpfuae9bTynP9fqXquV4Oukj8glRJgUa/8tUbxDxRECGXzNqu72kMpsyg4BJm5V5iQTM+ZiPopjRiCmwwzQPP6HFiGcZUg6FC0lyE3xtTpqydqDCdVAwf7LyXif953QSHl8FURDpBiHh2CIWE/JDlRqRNAB0IA4gsSw5URJQzwxDBCMo4T8Ukraac9uHPf79IWqeuf+7WbmvV+lXRTIkckiNyQnxyQerkhjRIk3CiyBN5Ji/OzHl13pz3n9Elp9g5IH/gfHwDrsOTvw==</latexit>

4.3± 0.1

Exp:
Exp:

ChPt loops contribute a  
small calculable piece  
     (more later)

…now, more constraints from non-forward amplitude 
e.g


deRham,Melville,Tolley,Zhou’17 

Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Arkani-Hamed,Huang,Huang’20

Tolley,Wang,Zhou’20


Caron-Huot,vanDuong’20

Caron-Huot,Mazac,Rastelli,Simons-Duffin’21


Chiang,Huang,Li,Rodina,Weng’21

Bellazzini,Riembau,FR’21


(efficient if IR weakly coupled)

<latexit sha1_base64="zJdrhi7EyI6iyPVbq0byzM+cPas="></latexit>
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3. Large-N QCD
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Dispersive approach complemented with Large-Nc info:

Many colours
weak

Mesons: 
- spin 0,1,2,… 
- isospin-0/1 
- Spectrum? 
- Couplings? 

<latexit sha1_base64="/yQ+13GIeQZFmt9ccw+y3Z2KKsk=">AAAB/XicdVDLTgJBEJzFF+IL9ehlIjHBC+4C8rihXjxiIo8ECJkdGpww+8hMrwkhxK/wqidvxqvf4sF/cVgxUaN1qlR1p7rLDaXQaNtvVmJpeWV1Lbme2tjc2t5J7+41dRApDg0eyEC1XaZBCh8aKFBCO1TAPFdCyx1fzP3WLSgtAv8aJyH0PDbyxVBwhkbqnGX18YnuYkDtfjpj504r5WopTw2pVp2SHZNCuZCnTs6OkSEL1Pvp9+4g4JEHPnLJtO44doi9KVMouIRZqhtpCBkfsxF0DPWZB7o3jU+e0aNIM5MagqJC0liE7xtT5mk98Vwz6TG80b+9ufiX14lwWOlNhR9GCD6fB6GQEAdproTpAuhAKEBk88uBCp9yphgiKEEZ50aMTDkp08fX0/R/0sznnFKueFXM1M4XzSTJATkkWeKQMqmRS1InDcJJQO7JA3m07qwn69l6+RxNWIudffID1usH4PSVDA==</latexit>

A(s)/s ! 0

non-analyticity starts at lightest meson



dispersion relations
UV➙IR null constraints

UV➙UV

3. Positivity for Pions
Albert,Rastelli’22


Fernandez, Pomarol, FR, Sciotti ’22

2 dispersion relations

<latexit sha1_base64="nE5XcIaoRNyq86FVebNQfKJMMjg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2ioAyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1XntFq7qZXrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28bkJLp</latexit>

A(s, t)
<latexit sha1_base64="MMDvayG8/gff5GPzNr5DbpPDgMU=">AAAB+3icbVC7TsNAEDyHVwivACXNiQgpSCSyUQSUARrKIJEHSqzofNmEU+5s626NFFn5Clqo6BAtH0PBv2CbFJAw1WhmVzs7XiiFQdv+tHJLyyura/n1wsbm1vZOcXevZYJIc2jyQAa64zEDUvjQRIESOqEGpjwJbW98nfrtR9BGBP4dTkJwFRv5Yig4w0S6vyybk4qp4HG/WLKrdga6SJwZKZEZGv3iV28Q8EiBj1wyY7qOHaIbM42CS5gWepGBkPExG0E3oT5TYNw4CzylR5FhGNAQNBWSZiL83oiZMmaivGRSMXww814q/ud1IxxeuLHwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmkLShzP//SJpnVads2rttlaqX82ayZMDckjKxCHnpE5uSIM0CSeKPJFn8mJNrVfrzXr/Gc1Zs5198gfWxzfPkpPU</latexit>

A(s,�s� t)

<latexit sha1_base64="QD5V8Ty70jvhifW5GukQAv7e4oQ="></latexit>

g1,0 + g2,1t+ g3,1t
2 + ... =

⌧
PJ(1)

s
+ 2

P 0
J(1)

s2
t+ 2

P 00
J (1)

s3
t2 + ...

�

<latexit sha1_base64="aNswuDoZZi5ZtTocmCUn6sBD3FU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIneGqCXRxhIT+YhAyNwy4Ia9vc3unJEQ/BW2WtkZW/+Lhf/FAykUfNXLezOZNy80Sjry/U8vs7S8srqWXc9tbG5t7+R392ouTqzAqohVbBshOFRSY5UkKWwYixCFCuvh4HLi1+/ROhnrGxoabEfQ17InBVAq3VILjLHxA/c7+YJf9KfgiySYkQKbodLJf7W6sUgi1CQUONcMfEPtEViSQuE410ocGhAD6GMzpRoidO3RNPGYHyUOKOYGLZeKT0X8vTGCyLlhFKaTEdCdm/cm4n9eM6HeeXsktUkItZgcIqlwesgJK9MqkHelRSKYJEcuNRdggQit5CBEKiZpN7m0j2D++0VSOykGp8XSdalQvpg1k2UH7JAds4CdsTK7YhVWZYJp9sSe2Yv36L16b977z2jGm+3ssz/wPr4B/O6VJg==</latexit>

t ⇡ 0<latexit sha1_base64="aNswuDoZZi5ZtTocmCUn6sBD3FU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIneGqCXRxhIT+YhAyNwy4Ia9vc3unJEQ/BW2WtkZW/+Lhf/FAykUfNXLezOZNy80Sjry/U8vs7S8srqWXc9tbG5t7+R392ouTqzAqohVbBshOFRSY5UkKWwYixCFCuvh4HLi1+/ROhnrGxoabEfQ17InBVAq3VILjLHxA/c7+YJf9KfgiySYkQKbodLJf7W6sUgi1CQUONcMfEPtEViSQuE410ocGhAD6GMzpRoidO3RNPGYHyUOKOYGLZeKT0X8vTGCyLlhFKaTEdCdm/cm4n9eM6HeeXsktUkItZgcIqlwesgJK9MqkHelRSKYJEcuNRdggQit5CBEKiZpN7m0j2D++0VSOykGp8XSdalQvpg1k2UH7JAds4CdsTK7YhVWZYJp9sSe2Yv36L16b977z2jGm+3ssz/wPr4B/O6VJg==</latexit>

t ⇡ 0

<latexit sha1_base64="A+dgxDK5n3nVLcZvZtNjhqh6ToY=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqI0J0cYSo3wkcCF7y4Ab9vYuu3MaQvgJtlrZGVt/j4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCrhFJTXWSZLCVmyQh4HCZjC8mvrNBzRWRvqORjH6IR9o2ZeCUyrd6gu3Wyy5ZXcGtki8jJQgQ61b/Or0IpGEqEkobm3bc2Pyx9yQFAonhU5iMeZiyAfYTqnmIVp/PIs6YUeJ5RSxGA2Tis1E/L0x5qG1ozBIJ0NO93bem4r/ee2E+uf+WOo4IdRieoikwtkhK4xMO0DWkwaJ+DQ5MqmZ4IYToZGMC5GKSVpKIe3Dm/9+kTROyt5puXJTKVUvs2bycACHcAwenEEVrqEGdRAwgCd4hhfn0Xl13pz3n9Gck+3swx84H99uzJIB</latexit>

n = 0
<latexit sha1_base64="EZaVoi57OfqhXi6MRrW/1d6YYug="></latexit>

g2,0 + g3,1t+ g4,2t
2 + ... =

⌧
PJ(1)

s2
+ 2

P 0
J(1)

s3
t+ 2

P 00
J (1)

s4
t2 + ...

�
<latexit sha1_base64="UTjaY70XsKmiruYw7WwLISRdm9E=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqI0J0cYSo3wkcCF7y4Ab9vYuu3MaQvgJtlrZGVt/j4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCrhFJTXWSZLCVmyQh4HCZjC8mvrNBzRWRvqORjH6IR9o2ZeCUyrd6guvWyy5ZXcGtki8jJQgQ61b/Or0IpGEqEkobm3bc2Pyx9yQFAonhU5iMeZiyAfYTqnmIVp/PIs6YUeJ5RSxGA2Tis1E/L0x5qG1ozBIJ0NO93bem4r/ee2E+uf+WOo4IdRieoikwtkhK4xMO0DWkwaJ+DQ5MqmZ4IYToZGMC5GKSVpKIe3Dm/9+kTROyt5puXJTKVUvs2bycACHcAwenEEVrqEGdRAwgCd4hhfn0Xl13pz3n9Gck+3swx84H99wW5IC</latexit>

n = 1
<latexit sha1_base64="29ekmVDSazmqZSM4QOGSCINRyHc="></latexit>

g3,0 + g4,1t+ g5,2t
2 + ... =

⌧
PJ(1)

s3
+ 2

P 0
J(1)

s4
t+ 2

P 00
J (1)

s5
t2 + ...

�
<latexit sha1_base64="TrTSVhsGL1HWR2C6UGJASDeqzrM=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZSEysyB0hamNCtLHEKB8JXMjeMuCGvb3L7pyGEH6CrVZ2xtbfY+F/8cArFHzVy3szmTcviJW05LqfztLyyuraem4jv7m1vbNb2Ntv2CgxAusiUpFpBdyikhrrJElhKzbIw0BhMxheTf3mAxorI31Hoxj9kA+07EvBKZVu9UW5Wyi6JXcGtki8jBQhQ61b+Or0IpGEqEkobm3bc2Pyx9yQFAon+U5iMeZiyAfYTqnmIVp/PIs6YceJ5RSxGA2Tis1E/L0x5qG1ozBIJ0NO93bem4r/ee2E+uf+WOo4IdRieoikwtkhK4xMO0DWkwaJ+DQ5MqmZ4IYToZGMC5GKSVpKPu3Dm/9+kTTKJe+0VLmpFKuXWTM5OIQjOAEPzqAK11CDOggYwBM8w4vz6Lw6b877z+iSk+0cwB84H99x6pID</latexit>

n = 2

<latexit sha1_base64="0jfgSVILsfaQjXITMnUVjJpWpzk="></latexit>Z
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<latexit sha1_base64="/PSSn7f9l05kKzehmF9EYNKlaGc="></latexit>

A(s, t) =
(s+ t)

f2
+ g2,0 (s

2 + t2) + g2,1st+ · · ·
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Numerical Results
Albert,Rastelli’22

Large-N QCD?

Linear Sigma Model 
(spin-0)

Skyrme Model 
(spin-1)

    resonance 
   model

<latexit sha1_base64="Q2Hd89ukMRuRVnKu1bowTPBQM2I=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtJkVQbgRvXjERB4JEDI7NDg6O7uZ6TVBwj941ZM349W/8eC/uIuYqNE6Vaq609XlR0paZOzNySwsLi2vZFdza+sbm1v57Z2mDWMjoCFCFZq2zy0oqaGBEhW0IwM88BW0/Juz1G/dgrEy1Jc4jqAX8JGWQyk4JlKzK/UQx/18gbnFEvOKjDK3XDopV4sJ8SqloyqjnstmKJA56v38e3cQijgAjUJxazsei7A34QalUDDNdWMLERc3fASdhGoegO1NZmmn9CC2HEMagaFS0ZkI3zcmPLB2HPjJZMDxyv72UvEvrxPjsNKbSB3FCFqkh1AqmB2ywsikBqADaQCRp8mBSk0FNxwRjKRciESMk15ySR9fT9P/SfPI9cru8cVxoXY6byZL9sg+OSQeOSE1ck7qpEEEuSb35IE8OnfOk/PsvHyOZpz5zi75Aef1A+ihlBM=</latexit>1

No 
resonances

Theories at the corner are special

<latexit sha1_base64="eMYSQZ5viNOEWzOLejbmTLIHtJw="></latexit>

µ0 =

���������

0!2 1!2 · · · n!2
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· · · · · ·
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n!2 (n+ 1)!2 · · · (2n)!2
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2!2 3!2 · · ·
3!2 4!2 · · ·

· · · · · ·
. . .

�������

! 0

Analytic limit unreachable numerically
No new kink, only vector model

spi
n≥1

Slowest convergence! 
(n!2+κ diverges)

3. Positivity for Pions

<latexit sha1_base64="YT2sDTOFVEQL9xyrpgKVkcGmkMA=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQyChYTdIGopamFhoWA0kMTl7uQmDpl9MHNXCMviJ/gVtlrZia3fYOG/uFlTaOKpDufcw733eJGShmz70ypMTc/MzhXnSwuLS8sr5dW1axPGWmBdhCrUDQ8MKhlgnSQpbEQawfcU3nj9k6F/c4/ayDC4okGEbR96gexKAZRJbnmj5ya1XTvt3tZa51msA25yeXKa3tbccsWu2jn4JHFGpMJGuHDLX61OKGIfAxIKjGk6dkTtBDRJoTAttWKDEYg+9LCZ0QB8NO0kfyHl27EBCnmEmkvFcxF/JxLwjRn4XjbpA92ZcW8o/uc1Y+oethMZRDFhIIaLSCrMFxmhZdYN8o7USATDy5HLgAvQQIRachAiE+OsrFLWhzP+/SS5rlWd/ere5V7l6HjUTJFtsi22wxx2wI7YGbtgdSbYA3tiz+zFerRerTfr/We0YI0y6+wPrI9vl3qa0Q==</latexit>
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<latexit sha1_base64="rLorC3jhSuPqzkuwm2ef2zYxOOs=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQyChYTdIGopamFhoWA0kMTl7uQmDpl9MHNXCMviJ/gVtlrZia3fYOG/uFlTaOKpDufcw733eJGShmz70ypMTc/MzhXnSwuLS8sr5dW1axPGWmBdhCrUDQ8MKhlgnSQpbEQawfcU3nj9k6F/c4/ayDC4okGEbR96gexKAZRJbnmj5ya1XSft3tZa51msA25yeXKa3tbccsWu2jn4JHFGpMJGuHDLX61OKGIfAxIKjGk6dkTtBDRJoTAttWKDEYg+9LCZ0QB8NO0kfyHl27EBCnmEmkvFcxF/JxLwjRn4XjbpA92ZcW8o/uc1Y+oethMZRDFhIIaLSCrMFxmhZdYN8o7USATDy5HLgAvQQIRachAiE+OsrFLWhzP+/SS5rlWd/ere5V7l6HjUTJFtsi22wxx2wI7YGbtgdSbYA3tiz+zFerRerTfr/We0YI0y6+wPrI9vmRya0g==</latexit> g 2
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<latexit sha1_base64="/PSSn7f9l05kKzehmF9EYNKlaGc="></latexit>
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3. Positivity for Pions

<latexit sha1_base64="846ntCasQ0OGpsvnfYpvHU44xvk=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBFQoggZRBUEeUhJF68smnHJ+6G4Niqx8Ai1UdIiW76HgX7CNCwhMNZrZ1c6OGyppyLY/rMLC4tLySnG1tLa+sblV3t5pmSDSApsiUIHuuGBQSR+bJElhJ9QInquw7U4uUr99j9rIwL+laYh9D8a+HEkBlEg3V2f2oFyxq3YG/pc4OamwHI1B+bM3DETkoU9CgTFdxw6pH4MmKRTOSr3IYAhiAmPsJtQHD00/zqLO+EFkgAIeouZS8UzEnxsxeMZMPTeZ9IDuzLyXiv953YhGp/1Y+mFE6Iv0EEmF2SEjtEw6QD6UGokgTY5c+lyABiLUkoMQiRglpZSSPpz57/+S1lHVOa7WrmuV+nneTJHtsX12yBx2wurskjVYkwk2Zo/siT1bD9aL9Wq9fY8WrHxnl/2C9f4FN/iR3g==</latexit>

J > 0

<latexit sha1_base64="YT2sDTOFVEQL9xyrpgKVkcGmkMA=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQyChYTdIGopamFhoWA0kMTl7uQmDpl9MHNXCMviJ/gVtlrZia3fYOG/uFlTaOKpDufcw733eJGShmz70ypMTc/MzhXnSwuLS8sr5dW1axPGWmBdhCrUDQ8MKhlgnSQpbEQawfcU3nj9k6F/c4/ayDC4okGEbR96gexKAZRJbnmj5ya1XTvt3tZa51msA25yeXKa3tbccsWu2jn4JHFGpMJGuHDLX61OKGIfAxIKjGk6dkTtBDRJoTAttWKDEYg+9LCZ0QB8NO0kfyHl27EBCnmEmkvFcxF/JxLwjRn4XjbpA92ZcW8o/uc1Y+oethMZRDFhIIaLSCrMFxmhZdYN8o7USATDy5HLgAvQQIRachAiE+OsrFLWhzP+/SS5rlWd/ere5V7l6HjUTJFtsi22wxx2wI7YGbtgdSbYA3tiz+zFerRerTfr/We0YI0y6+wPrI9vl3qa0Q==</latexit>

g2,0f
2⇤2

QCD

<latexit sha1_base64="rLorC3jhSuPqzkuwm2ef2zYxOOs=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQyChYTdIGopamFhoWA0kMTl7uQmDpl9MHNXCMviJ/gVtlrZia3fYOG/uFlTaOKpDufcw733eJGShmz70ypMTc/MzhXnSwuLS8sr5dW1axPGWmBdhCrUDQ8MKhlgnSQpbEQawfcU3nj9k6F/c4/ayDC4okGEbR96gexKAZRJbnmj5ya1XSft3tZa51msA25yeXKa3tbccsWu2jn4JHFGpMJGuHDLX61OKGIfAxIKjGk6dkTtBDRJoTAttWKDEYg+9LCZ0QB8NO0kfyHl27EBCnmEmkvFcxF/JxLwjRn4XjbpA92ZcW8o/uc1Y+oethMZRDFhIIaLSCrMFxmhZdYN8o7USATDy5HLgAvQQIRachAiE+OsrFLWhzP+/SS5rlWd/ere5V7l6HjUTJFtsi22wxx2wI7YGbtgdSbYA3tiz+zFerRerTfr/We0YI0y6+wPrI9vmRya0g==</latexit> g 2
,1
f
2
⇤
2 Q
C
D

<latexit sha1_base64="5SkaROBDKYJhcC0pnm+0DMhiSY0="></latexit>

A(s, t) ⇠ 1

s�M2

1

t�M2
� spin-0

J>0 “su-model” Albert,Rastelli’22 

Caron-Huot,vanDuong’20

Lovelace-Shapiro

Coon

Extremal theories (edges/corners) provide a reference

multi-spin extremal theories still unknown!

From “su” to vector

<latexit sha1_base64="/PSSn7f9l05kKzehmF9EYNKlaGc="></latexit>

A(s, t) =
(s+ t)

f2
+ g2,0 (s

2 + t2) + g2,1st+ · · ·



Fernandez, Pomarol, FR, Sciotti ’22

spi
n≥1

3. Positivity for Pions

<latexit sha1_base64="846ntCasQ0OGpsvnfYpvHU44xvk=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBFQoggZRBUEeUhJF68smnHJ+6G4Niqx8Ai1UdIiW76HgX7CNCwhMNZrZ1c6OGyppyLY/rMLC4tLySnG1tLa+sblV3t5pmSDSApsiUIHuuGBQSR+bJElhJ9QInquw7U4uUr99j9rIwL+laYh9D8a+HEkBlEg3V2f2oFyxq3YG/pc4OamwHI1B+bM3DETkoU9CgTFdxw6pH4MmKRTOSr3IYAhiAmPsJtQHD00/zqLO+EFkgAIeouZS8UzEnxsxeMZMPTeZ9IDuzLyXiv953YhGp/1Y+mFE6Iv0EEmF2SEjtEw6QD6UGokgTY5c+lyABiLUkoMQiRglpZSSPpz57/+S1lHVOa7WrmuV+nneTJHtsX12yBx2wurskjVYkwk2Zo/siT1bD9aL9Wq9fY8WrHxnl/2C9f4FN/iR3g==</latexit>

J > 0

Lovelace-Shapiro

Coon

Extremal theories (edges/corners) provide a reference

multi-spin extremal theories still unknown!

<latexit sha1_base64="A+SM9KbJBFkqvSA6KbIMYhrMPj8=">AAACGnicbVC5TsNAFFyHK4QrQEmzIgJRoMiGCCgRoaCgAIkcUhKs581LWLE+tPuMhCz/AZ/AV9BCRYdoaSj4FxyTgmuq0cw7x4uUNGTb71ZhYnJqeqY4W5qbX1hcKi+vNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PKu6yO/dYPayDC4oNsIez4MAzmQAiiT3PJm0s2HJBr76dBNdredNB1c7nRPsxl9cJPz+nF6WXPLFbtq5+B/iTMmFTbGmVv+6PZDEfsYkFBgTMexI+oloEkKhWmpGxuMQFzDEDsZDcBH00vyU1K+ERugkEeouVQ8F/F7RwK+Mbe+l1X6QFfmtzcS//M6MQ0OeokMopgwEKNFJBXmi4zQMgsKeV9qJILR5chlwAVoIEItOQiRiXGWXCnLw/n9/V/S3Kk6e9Xaea1yeDROpsjW2DrbYg7bZ4fshJ2xBhPsjj2wR/Zk3VvP1ov1+lVasMY9q+wHrLdP/k2g/Q==</latexit>

g 3
,1
f
2
⇤
4 Q
C
D

<latexit sha1_base64="3iLJkvUfPEzk0HK0qNth8MKrLuU=">AAACGnicbVC5TsNAFFyHK4QrQEmzIgJRoMiGCCgRoaCgAIkcUhKs581LWLE+tPuMhCz/AZ/AV9BCRYdoaSj4FxyTgmuq0cw7x4uUNGTb71ZhYnJqeqY4W5qbX1hcKi+vNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PKu6yO/dYPayDC4oNsIez4MAzmQAiiT3PJm0s2HJBr76dBNdrftNB1c7nRPsxl9cJPz+nF6WXPLFbtq5+B/iTMmFTbGmVv+6PZDEfsYkFBgTMexI+oloEkKhWmpGxuMQFzDEDsZDcBH00vyU1K+ERugkEeouVQ8F/F7RwK+Mbe+l1X6QFfmtzcS//M6MQ0OeokMopgwEKNFJBXmi4zQMgsKeV9qJILR5chlwAVoIEItOQiRiXGWXCnLw/n9/V/S3Kk6e9Xaea1yeDROpsjW2DrbYg7bZ4fshJ2xBhPsjj2wR/Zk3VvP1ov1+lVasMY9q+wHrLdP/Kqg/A==</latexit>

g3,0f
2⇤4

QCD

<latexit sha1_base64="Ti4n0z1tjaTlcPdLKxtnT16CGPk="></latexit>

A(s, t) =
(s+ t)

f2
+ g2,0 (s

2 + t2) + g2,1st+ g3,0(s
3 + t3) + g3,1(s

2t+ t2s) + · · ·



3. Vector Meson Dominance

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

0.8

1.0

g8,0
cH
M

g 8
,0

c H
M

<latexit sha1_base64="Gp3q4IG8iAixt2MZ1bJHIPQPDLc=">AAACEHicbVC7TgJBFJ3FN75QSy0mEhMLQ3aJUUuiFhYWkIiaAG7uDhecMPvIzF0TsqHxE/wKW63sjK1/YOG/OCCFiqc6c849uXNPkChpyHU/nNzU9Mzs3PxCfnFpeWW1sLZ+aeJUC6yLWMX6OgCDSkZYJ0kKrxONEAYKr4LeydC/ukNtZBxdUD/BVgjdSHakALKSX9jq+tnRnjfgnZsyb57bYBv8rHZyOrBvv1B0S+4IfJJ4Y1JkY1T9wmezHYs0xIiEAmManptQKwNNUigc5JupwQRED7rYsDSCEE0rG10x4DupAYp5gppLxUci/kxkEBrTDwM7GQLdmr/eUPzPa6TUOWplMkpSwkgMF5FUOFpkhJa2HuRtqZEIhj9HLiMuQAMRaslBCCumtq+87cP7e/0kuSyXvIPSfm2/WDkeNzPPNtk222UeO2QVdsaqrM4Eu2eP7Ik9Ow/Oi/PqvH2P5pxxZoP9gvP+Bbskm1Y=</latexit> g 8
,1
f
2
⇤
2 Q
C
D

Skyrme Model 
(spin-1)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 g�2
�

0.2

0.4

0.6

0.8

1.0

g�2

su-model
no mass-gap

qcd-massgap

SU-model minus scalars

Vector

Shapiro minus scalars

QCD

Extracting rho at 0.5

Extracting rho at 1/3

Spin-1 Spin>1
<latexit sha1_base64="h1A6ueCAgACaJh0SqEYfjql40tI="></latexit>Z 1

0
ds

a1(s)

sn
=

1X

J=1

Z 1

0
ds

aJ(s)

sn
J2

s2

Null-Constraints:
UV          UV

QCD
With  
Mspin1=Mrest/3

<latexit sha1_base64="9F+DKcSCXsBXVJp2n3D9VVLRMnI=">AAACEHicbVC7TgJBFJ3FN75QSy0mEhMLQ3aJUUuiFhYWkIiaAG7uDhecMPvIzF0TsqHxE/wKW63sjK1/YOG/OCCFiqc6c849uXNPkChpyHU/nNzU9Mzs3PxCfnFpeWW1sLZ+aeJUC6yLWMX6OgCDSkZYJ0kKrxONEAYKr4LeydC/ukNtZBxdUD/BVgjdSHakALKSX9jq+tnRnjvgnZsyb57bYBv8rHZyOrBvv1B0S+4IfJJ4Y1JkY1T9wmezHYs0xIiEAmManptQKwNNUigc5JupwQRED7rYsDSCEE0rG10x4DupAYp5gppLxUci/kxkEBrTDwM7GQLdmr/eUPzPa6TUOWplMkpSwkgMF5FUOFpkhJa2HuRtqZEIhj9HLiMuQAMRaslBCCumtq+87cP7e/0kuSyXvIPSfm2/WDkeNzPPNtk222UeO2QVdsaqrM4Eu2eP7Ik9Ow/Oi/PqvH2P5pxxZoP9gvP+Bbl/m1U=</latexit>

g8,0f
2⇤2

QCD spin-1

spin-2
spin-3

C
ou

pl
in

g 
to

 π

spin>1 always 
together…

… and  
smaller!

Fernandez, Pomarol, FR, Sciotti ’22


Lattice
Bali et al’13;  Hernandez et al’19


Baeza-Ballesteros’22

QCD  
data

<latexit sha1_base64="u6Y1nQi+A0wiE0HLSHzTFce4dVg="></latexit>

Mres � 1.65m⇢

Spin-0 easy to model Spin>0 info most important 

IR coefficients dominated  
by UV spin-1 (VMD)

Holographic models good  
(light states have s=0,1) 



3. From pions to WLWL scattering

Spin-1 Spin>1
<latexit sha1_base64="h1A6ueCAgACaJh0SqEYfjql40tI="></latexit>Z 1

0
ds

a1(s)

sn
=

1X

J=1

Z 1

0
ds

aJ(s)

sn
J2

s2

UV          UV

spin>1 always 
together…

… and  
smaller!

Fernandez, Pomarol, FR, Sciotti ’22
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<latexit sha1_base64="N0xU5yP7eGzsOGqRgPq58RSP1zw=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJyrKjPLsIGsogyEMkVnS+bMKJ80N3a1Bk5RNooaJDtHwPBf+CbYIECKYazexqZ8cNpdBoWW9Gbml5ZXUtv17Y2Nza3inu7nV1ECkOHR7IQPVdpkEKHzooUEI/VMA8V0LPvTlN/d4tKC0C/xJnITgem/piIjjDRLqYjq5GxZJlNhu1aqNJLdMuN61aJSWVar1sUdu0MpTIAu1R8X04DnjkgY9cMq0HthWiEzOFgkuYF4aRhpDxGzaFQUJ95oF24izqnB5FmmFAQ1BUSJqJ8H0jZp7WM89NJj2G1/q3l4p/eYMIJw0nFn4YIfg8PYRCQnZIcyWSDoCOhQJEliYHKnzKmWKIoARlnCdilJRSSPr4epr+T7pl066ZlfNKqXWyaCZPDsghOSY2qZMWOSNt0iGcTMk9eSCPxp3xZDwbL5+jOWOxs09+wHj9AFuJkpw=</latexit>gZ

<latexit sha1_base64="N0xU5yP7eGzsOGqRgPq58RSP1zw=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJyrKjPLsIGsogyEMkVnS+bMKJ80N3a1Bk5RNooaJDtHwPBf+CbYIECKYazexqZ8cNpdBoWW9Gbml5ZXUtv17Y2Nza3inu7nV1ECkOHR7IQPVdpkEKHzooUEI/VMA8V0LPvTlN/d4tKC0C/xJnITgem/piIjjDRLqYjq5GxZJlNhu1aqNJLdMuN61aJSWVar1sUdu0MpTIAu1R8X04DnjkgY9cMq0HthWiEzOFgkuYF4aRhpDxGzaFQUJ95oF24izqnB5FmmFAQ1BUSJqJ8H0jZp7WM89NJj2G1/q3l4p/eYMIJw0nFn4YIfg8PYRCQnZIcyWSDoCOhQJEliYHKnzKmWKIoARlnCdilJRSSPr4epr+T7pl066ZlfNKqXWyaCZPDsghOSY2qZMWOSNt0iGcTMk9eSCPxp3xZDwbL5+jOWOxs09+wHj9AFuJkpw=</latexit>gZ
L

L

<latexit sha1_base64="nnEhl8CwajRsSbbQp5jHIsmyWWI=">AAACCHicdVC7TsNAEDzzDOEVHh3NiQiJyrKNA0kXQZMySCQgJSY6Hwuccn7obo0UovwAX0ELFR2i5S8o+BfOIUiAYKrZmV3t7oSpFBod582amp6ZnZsvLBQXl5ZXVktr622dZIpDiycyUWch0yBFDC0UKOEsVcCiUMJp2D/K/dMbUFok8QkOUggidhWLS8EZGqlX2uS9Br0592hXgtZaRNSx3V6p7Ng1p1Kteqb09ypezTfE8Q78iktd2xmjTCZo9krv3YuEZxHEyCXTuuM6KQZDplBwCaNiN9OQMt5nV9AxNGYR6GA4vn5EdzLNMKEpKCokHYvwfWLIIq0HUWg6I4bX+reXi395nQwvq8FQxGmGEPN8EQoJ40WaK2FiAXohFCCy/HKgIqacKYYISlDGuREzk1PR5PH1NP2ftD3b3bf9Y79cP5wkUyBbZJvsEpcckDppkCZpEU5uyT15II/WnfVkPVsvn61T1mRmg/yA9foBoyaYqg==</latexit>

cHv2 . 0.1
-0.05         0.0         0.05           0.1

<latexit sha1_base64="OTiW09AdsNDdp7j5DwhfMCoRgI0=">AAACCnicbVC7SgNREL3rM8ZXVLCxuRgEq7AbgtoIQZs0QgTzwCQuszeTeMndB/fOCmHNH/gVtlrZia0/YeG/uIkpNHqK4XDODDNzvEhJQ7b9Yc3NLywuLWdWsqtr6xubua3tugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97gfOw37lAbGQZXNIyw40M/kD0pgFLJze0Kt3La7mkQSd+9vimOEn6RVjeXtwv2BPwvcaYkz6aournPdjcUsY8BCQXGtBw7ok4CmqRQOMq2Y4MRiAH0sZXSAHw0nWRy/4gfxAYo5BFqLhWfiPhzIgHfmKHvpZ0+0K2Z9cbif14rpt5JJ5FBFBMGYryIpMLJIiO0TINB3pUaiWB8OXIZcAEaiFBLDkKkYpwmlU3zcGa//0vqxYJzVChdlvLls2kyGbbH9tkhc9gxK7MKq7IaE+yePbIn9mw9WC/Wq/X23TpnTWd22C9Y71/mC5nx</latexit>

cH =
g2
Z

M2

<latexit sha1_base64="AxPOfcQwlcntLJZVI4AK5ErzAVU=">AAACDnicbVC7SgNREL3r2/UVtdPmYhCswm4MaiWijY2gYEwwicvszSRecvfBvbOCLAE/wa+w1cpObP0FC//FTdxCE08xHM6ZYWaOHytpyHE+rYnJqemZ2bl5e2FxaXmlsLp2ZaJEC6yKSEW67oNBJUOskiSF9VgjBL7Cmt87Gfi1O9RGRuEl3cfYCqAbyo4UQJnkFTaEd3rolnbtZkeDSLve9U25n/KzrHqFolNyhuDjxM1JkeU49wpfzXYkkgBDEgqMabhOTK0UNEmhsG83E4MxiB50sZHREAI0rXT4Q59vJwYo4jFqLhUfivh7IoXAmPvAzzoDoFsz6g3E/7xGQp2DVirDOCEMxWARSYXDRUZomYWDvC01EsHgcuQy5AI0EKGWHITIxCRLy87ycEe/HydX5ZK7V6pcVIpHx3kyc2yTbbEd5rJ9dsRO2TmrMsEe2BN7Zi/Wo/VqvVnvP60TVj6zzv7A+vgGgRSatg==</latexit>

cH > 1.3
g2
Z

M2

<latexit sha1_base64="nnEhl8CwajRsSbbQp5jHIsmyWWI=">AAACCHicdVC7TsNAEDzzDOEVHh3NiQiJyrKNA0kXQZMySCQgJSY6Hwuccn7obo0UovwAX0ELFR2i5S8o+BfOIUiAYKrZmV3t7oSpFBod582amp6ZnZsvLBQXl5ZXVktr622dZIpDiycyUWch0yBFDC0UKOEsVcCiUMJp2D/K/dMbUFok8QkOUggidhWLS8EZGqlX2uS9Br0592hXgtZaRNSx3V6p7Ng1p1Kteqb09ypezTfE8Q78iktd2xmjTCZo9krv3YuEZxHEyCXTuuM6KQZDplBwCaNiN9OQMt5nV9AxNGYR6GA4vn5EdzLNMKEpKCokHYvwfWLIIq0HUWg6I4bX+reXi395nQwvq8FQxGmGEPN8EQoJ40WaK2FiAXohFCCy/HKgIqacKYYISlDGuREzk1PR5PH1NP2ftD3b3bf9Y79cP5wkUyBbZJvsEpcckDppkCZpEU5uyT15II/WnfVkPVsvn61T1mRmg/yA9foBoyaYqg==</latexit>

cHv2 . 0.1

Higher spin contribution 
tightens precision  
bounds on BSM 

<latexit sha1_base64="nnEhl8CwajRsSbbQp5jHIsmyWWI=">AAACCHicdVC7TsNAEDzzDOEVHh3NiQiJyrKNA0kXQZMySCQgJSY6Hwuccn7obo0UovwAX0ELFR2i5S8o+BfOIUiAYKrZmV3t7oSpFBod582amp6ZnZsvLBQXl5ZXVktr622dZIpDiycyUWch0yBFDC0UKOEsVcCiUMJp2D/K/dMbUFok8QkOUggidhWLS8EZGqlX2uS9Br0592hXgtZaRNSx3V6p7Ng1p1Kteqb09ypezTfE8Q78iktd2xmjTCZo9krv3YuEZxHEyCXTuuM6KQZDplBwCaNiN9OQMt5nV9AxNGYR6GA4vn5EdzLNMKEpKCokHYvwfWLIIq0HUWg6I4bX+reXi395nQwvq8FQxGmGEPN8EQoJ40WaK2FiAXohFCCy/HKgIqacKYYISlDGuREzk1PR5PH1NP2ftD3b3bf9Y79cP5wkUyBbZJvsEpcckDppkCZpEU5uyT15II/WnfVkPVsvn61T1mRmg/yA9foBoyaYqg==</latexit>

cHv2 . 0.1

<latexit sha1_base64="peq83ke7D0YsbzcXloi0VQhu8vE="></latexit>

A(s, t) = cH(s+ t) + g8,0 (s
2 + t2) + g8,1st+ · · ·



<latexit sha1_base64="YT2sDTOFVEQL9xyrpgKVkcGmkMA=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQyChYTdIGopamFhoWA0kMTl7uQmDpl9MHNXCMviJ/gVtlrZia3fYOG/uFlTaOKpDufcw733eJGShmz70ypMTc/MzhXnSwuLS8sr5dW1axPGWmBdhCrUDQ8MKhlgnSQpbEQawfcU3nj9k6F/c4/ayDC4okGEbR96gexKAZRJbnmj5ya1XTvt3tZa51msA25yeXKa3tbccsWu2jn4JHFGpMJGuHDLX61OKGIfAxIKjGk6dkTtBDRJoTAttWKDEYg+9LCZ0QB8NO0kfyHl27EBCnmEmkvFcxF/JxLwjRn4XjbpA92ZcW8o/uc1Y+oethMZRDFhIIaLSCrMFxmhZdYN8o7USATDy5HLgAvQQIRachAiE+OsrFLWhzP+/SS5rlWd/ere5V7l6HjUTJFtsi22wxx2wI7YGbtgdSbYA3tiz+zFerRerTfr/We0YI0y6+wPrI9vl3qa0Q==</latexit>

g2,0f
2⇤2

QCD

<latexit sha1_base64="rLorC3jhSuPqzkuwm2ef2zYxOOs=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQyChYTdIGopamFhoWA0kMTl7uQmDpl9MHNXCMviJ/gVtlrZia3fYOG/uFlTaOKpDufcw733eJGShmz70ypMTc/MzhXnSwuLS8sr5dW1axPGWmBdhCrUDQ8MKhlgnSQpbEQawfcU3nj9k6F/c4/ayDC4okGEbR96gexKAZRJbnmj5ya1XSft3tZa51msA25yeXKa3tbccsWu2jn4JHFGpMJGuHDLX61OKGIfAxIKjGk6dkTtBDRJoTAttWKDEYg+9LCZ0QB8NO0kfyHl27EBCnmEmkvFcxF/JxLwjRn4XjbpA92ZcW8o/uc1Y+oethMZRDFhIIaLSCrMFxmhZdYN8o7USATDy5HLgAvQQIRachAiE+OsrFLWhzP+/SS5rlWd/ere5V7l6HjUTJFtsi22wxx2wI7YGbtgdSbYA3tiz+zFerRerTfr/We0YI0y6+wPrI9vmRya0g==</latexit> g 2
,1
f
2
⇤
2 Q
C
D

3. Beyond Large-N
Loops change relation Wilson coeff.      arcs (on which bounds apply) 

Running
Forward 

Divergences

Falkowski, Henning, Lombardo, FR, Rodriguez-Sanchez’to appear

Bellazzini, Riembau, FR’ 21

<latexit sha1_base64="sKnc9KBSiM2UFYSY1HWbr1eaieo="></latexit>

⇠ 1

(4⇡f2)2
s2 log

✓
�s

µ2

◆
<latexit sha1_base64="6GbDg0x2rwQOXpyaHZmpKZXS1ck="></latexit>

⇠ 1

(4⇡f2)2
st log

✓
�s

4m2
⇡ + t

◆

Larger in higher arcs
gn>3 loop-dominated!

Running Logs in g2

For m=0 singular  
in t≈0

No null constraints
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Summary and outlook
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IR UV

Dispersion relations to explore BSM
Operators with dim>8 don’t matter
Particles with spin  2 Can’t be lighter that others
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Development of a method that survives IR (t=0) loop non-analyticities
Bellazzini,FR,Riembau’21

Beadle,Isabella,Perrone,


Ricossa,FR,Serra’to appear
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⇠ smtn log s log t
non-analytic

Combine Large-N and dispersion relations
Corner QCD
Explain Vector Meson Dominance

Understanding Pi-Photon amplitudes



Large-N QCD with A(s)/s2 -> 0

Couplings to pions:

LECs:

(e.g for grho=0.5 the rho contributes 80% to LECs)



Albert,Rastelli’22

SU(2) amplitude


