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Beyond and Beyond the SM, Effectively
(actually: positivity constraints)



Energy frontier (13 TeV)

BSM resonance

Experimentally:First accessible signal/Easy to study

LHC Exploration so far: Search for new light particles  

EFT in Particle Phenomenology

Theoretically: Weakly coupled, well studied
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Future LHC Exploration: Standard Model Precision Tests
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intensity  

Future LHC Exploration: Standard Model Precision Tests

(2016: 40 fb-1)

(2035: 3000 fb-1)

10-100 TeV
MEFT

EFT in Particle Phenomenology
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intensity  

Future LHC Exploration: Standard Model Precision Tests

(2016: 40 fb-1)

(2035: 3000 fb-1)

10-100 TeV
MEFT

EFT in Particle Phenomenology

Simple, well-defined, context where EFTs more and more necessary

Theoretically: Strongly coupled

Experimentally:small statistics, challenging, big improvements
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focus on 2>2 processes

most about scalars, something not



EFT in Particle Phenomenology

Important to understand what EFTs possible.

No SM/BSM 
interference

Negative SM/BSM 
interference Softer BSM

BSM harder to observe / better hidden
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dim-4 
operators

dim-6 
operators

What signs and relative sizes of operator coefficients possible?
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EFT Point of view

Symmetries and selection rules shape different ci patterns
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�
<latexit sha1_base64="DIWEkkSrvL54bmALjiaj04Lutso=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQRlBQxkk8pASK1pfNuGU89m6WyNFIT9BCxUdouVnKPgXbOMCEqYazcxqdyeIlbTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZKDECmyJSkekEYFFJjU2SpLATG4QwUNgOxteZ335AY2Wk72gSox/CSMuhFECp1OmpNDoA3q9U3Zqbgy8SryBVVqDRr3z1BpFIQtQkFFjb9dyY/CkYkkLhrNxLLMYgxjDCbko1hGj9aX7vjB8nFijiMRouFc9F/D0xhdDaSRikyRDo3s57mfif101oeOlPpY4TQi2yRSQV5ousMDItAvlAGiSC7HLkUnMBBojQSA5CpGKSNlNO+/Dmv18krdOad1Zzb8+r9auimRI7ZEfshHnsgtXZDWuwJhNMsSf2zF6cR+fVeXPef6JLTjFzwP7A+fgGUJCULg==</latexit>

L = �|�|4
<latexit sha1_base64="2LZhKMbciloUeYAStIskdvSlAaU=">AAACD3icbVC7TsNAEDzzDOEVoExzIkKiimyIBA1SBA0FRZDIQ4pDtL4syYnzQ3drpMhJwSfwFbRQ0SFaPoGCf8EOKYAw1WhmR7s7XqSkIdv+sObmFxaXlnMr+dW19Y3NwtZ2w4SxFlgXoQp1ywODSgZYJ0kKW5FG8D2FTe/2LPObd6iNDIMrGkbY8aEfyBspgFKpWyi6PtBAgEouxieuSoM9GLnRQI6uK91CyS7bE/BZ4kxJiU1R6xY+3V4oYh8DEgqMaTt2RJ0ENEmhcJx3Y4MRiFvoYzulAfhoOsnkiTHfiw1QyCPUXCo+EfFnIgHfmKHvpZPZyeavl4n/ee2Ybo47iQyimDAQ2SKSCieLjNAybQd5T2okguxy5DLgAjQQoZYchEjFOK0rn/bh/P1+ljQOys5h2b6slKqn02ZyrMh22T5z2BGrsnNWY3Um2D17ZE/s2XqwXqxX6+17dM6aZnbYL1jvXx2SnNs=</latexit>

Goldstones 
(non-linear global symmetry)

c0 c2 c4 c6 c8 · · ·
<latexit sha1_base64="0JR1z4h4n2wBACK5RatX6Kcc6tk=">AAACH3icbVDLTgJBEJzFF+Jr1aOXicTEREJ2kShHohePmMgjYclmdmhwwuwjM70mZMNH+Al+hVc9eTNeOfgv7gIHBftSlarudHd5kRQaLWtq5NbWNza38tuFnd29/QPz8Kilw1hxaPJQhqrjMQ1SBNBEgRI6kQLmexLa3ug289tPoLQIgwccR9Dz2TAQA8EZppJrXnDXckpOibuVOVTnkFxN5qSWgcP7IWrXLFpla1Z0ldgLUiSLarjmt9MPeexDgFwyrbu2FWEvYQoFlzApOLGGiPERG0I3pQHzQfeS2VMTehZrhiGNQFEh6UyE3xMJ87Ue+17a6TN81MteJv7ndWMc1HqJCKIYIeDZIhQSZos0VyJNC2hfKEBk2eVARUA5UwwRlKCM81SM0/gKaR728verpFUp25dl675arN8sksmTE3JKzolNrkmd3JEGaRJOnskreSPvxovxYXwaX/PWnLGYOSZ/ypj+AJLJoG8=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

strong

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

L =
g2⇤
M2

(�⇤$@�)2
<latexit sha1_base64="3WBTjngmxSGFemlNQHRfHIAXHn0="></latexit>
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�
<latexit sha1_base64="iW1iapzh//+3hM6i69ukYhm0gp8=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTYJuLmJXjwqGBNIQuiddOKQ2QczvYIsfoRXPXkTr36NB//FSYygonUqqqrp7ooyrSwJ8ebNzS8sLi2vrJbW1jc2t8rbO1c2zY3Epkx1atoRWNQqwSYp0tjODEIcaWxF49OJ37pBY1WaXNJthr0YRokaKgnkpFZXu+gA+uWK8Bu1etAIufDrYaNarTkiQhFWQx74YooKm+G8X37vDlKZx5iQ1GBtJxAZ9QowpKTGu1I3t5iBHMMIO44mEKPtFdNz7/hBboFSnqHhSvOpiN8nCoitvY0jl4yBru1vbyL+5XVyGoa9QiVZTpjIySJSGqeLrDTK9YB8oAwSweRy5CrhEgwQoVEcpHRi7oopuT6+nub/k6uqH9R8cVGvHJ/Mmllhe2yfHbKAHbFjdsbOWZNJNmb37IE9eoX35D17L5/ROW82s8t+wHv9AHpflFw=</latexit>



EFT Point of view

Symmetries and selection rules shape different ci patterns

-theory

Atree
2!2 ⇠ c0 + c2

E2

M2
+ c4

E4

M4
+ c6

E6

M6
+ · · ·

<latexit sha1_base64="Au5ylVFKfH4SNfur/SAzdozvz48="></latexit>

��4
<latexit sha1_base64="GJYeNyubah06MJzvDM4BoOztMNs=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEgjKChjJI5CElTrS+bJJTzg/drZGiKA1fQQsVHaLlTyj4F2zjAhKmGs3ManfHi5Q0ZNuf1srq2vrGZmGruL2zu7dfOjhsmjDWAhsiVKFue2BQyQAbJElhO9IIvqew5U1uUr/1gNrIMLinaYSuD6NADqUASqReVyXRAfBuNJa9ar9Utit2Br5MnJyUWY56v/TVHYQi9jEgocCYjmNH5M5AkxQK58VubDACMYERdhIagI/GnWVXz/lpbIBCHqHmUvFMxN8TM/CNmfpekvSBxmbRS8X/vE5Mwyt3JoMoJgxEuoikwmyREVomdSAfSI1EkF6OXAZcgAYi1JKDEIkYJ/0Ukz6cxe+XSfO84lxU7LtquXadN1Ngx+yEnTGHXbIau2V11mCCafbEntmL9Wi9Wm/W+090xcpnjtgfWB/frTuWmQ==</latexit>

c0 c2 c4 c6 c8 · · ·
<latexit sha1_base64="0JR1z4h4n2wBACK5RatX6Kcc6tk=">AAACH3icbVDLTgJBEJzFF+Jr1aOXicTEREJ2kShHohePmMgjYclmdmhwwuwjM70mZMNH+Al+hVc9eTNeOfgv7gIHBftSlarudHd5kRQaLWtq5NbWNza38tuFnd29/QPz8Kilw1hxaPJQhqrjMQ1SBNBEgRI6kQLmexLa3ug289tPoLQIgwccR9Dz2TAQA8EZppJrXnDXckpOibuVOVTnkFxN5qSWgcP7IWrXLFpla1Z0ldgLUiSLarjmt9MPeexDgFwyrbu2FWEvYQoFlzApOLGGiPERG0I3pQHzQfeS2VMTehZrhiGNQFEh6UyE3xMJ87Ue+17a6TN81MteJv7ndWMc1HqJCKIYIeDZIhQSZos0VyJNC2hfKEBk2eVARUA5UwwRlKCM81SM0/gKaR728verpFUp25dl675arN8sksmTE3JKzolNrkmd3JEGaRJOnskreSPvxovxYXwaX/PWnLGYOSZ/ypj+AJLJoG8=</latexit>

�
<latexit sha1_base64="DIWEkkSrvL54bmALjiaj04Lutso=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQRlBQxkk8pASK1pfNuGU89m6WyNFIT9BCxUdouVnKPgXbOMCEqYazcxqdyeIlbTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZKDECmyJSkekEYFFJjU2SpLATG4QwUNgOxteZ335AY2Wk72gSox/CSMuhFECp1OmpNDoA3q9U3Zqbgy8SryBVVqDRr3z1BpFIQtQkFFjb9dyY/CkYkkLhrNxLLMYgxjDCbko1hGj9aX7vjB8nFijiMRouFc9F/D0xhdDaSRikyRDo3s57mfif101oeOlPpY4TQi2yRSQV5ousMDItAvlAGiSC7HLkUnMBBojQSA5CpGKSNlNO+/Dmv18krdOad1Zzb8+r9auimRI7ZEfshHnsgtXZDWuwJhNMsSf2zF6cR+fVeXPef6JLTjFzwP7A+fgGUJCULg==</latexit>

L = �|�|4
<latexit sha1_base64="2LZhKMbciloUeYAStIskdvSlAaU=">AAACD3icbVC7TsNAEDzzDOEVoExzIkKiimyIBA1SBA0FRZDIQ4pDtL4syYnzQ3drpMhJwSfwFbRQ0SFaPoGCf8EOKYAw1WhmR7s7XqSkIdv+sObmFxaXlnMr+dW19Y3NwtZ2w4SxFlgXoQp1ywODSgZYJ0kKW5FG8D2FTe/2LPObd6iNDIMrGkbY8aEfyBspgFKpWyi6PtBAgEouxieuSoM9GLnRQI6uK91CyS7bE/BZ4kxJiU1R6xY+3V4oYh8DEgqMaTt2RJ0ENEmhcJx3Y4MRiFvoYzulAfhoOsnkiTHfiw1QyCPUXCo+EfFnIgHfmKHvpZPZyeavl4n/ee2Ybo47iQyimDAQ2SKSCieLjNAybQd5T2okguxy5DLgAjQQoZYchEjFOK0rn/bh/P1+ljQOys5h2b6slKqn02ZyrMh22T5z2BGrsnNWY3Um2D17ZE/s2XqwXqxX6+17dM6aZnbYL1jvXx2SnNs=</latexit>

c0 c2 c4 c6 c8 · · ·
<latexit sha1_base64="0JR1z4h4n2wBACK5RatX6Kcc6tk=">AAACH3icbVDLTgJBEJzFF+Jr1aOXicTEREJ2kShHohePmMgjYclmdmhwwuwjM70mZMNH+Al+hVc9eTNeOfgv7gIHBftSlarudHd5kRQaLWtq5NbWNza38tuFnd29/QPz8Kilw1hxaPJQhqrjMQ1SBNBEgRI6kQLmexLa3ug289tPoLQIgwccR9Dz2TAQA8EZppJrXnDXckpOibuVOVTnkFxN5qSWgcP7IWrXLFpla1Z0ldgLUiSLarjmt9MPeexDgFwyrbu2FWEvYQoFlzApOLGGiPERG0I3pQHzQfeS2VMTehZrhiGNQFEh6UyE3xMJ87Ue+17a6TN81MteJv7ndWMc1HqJCKIYIeDZIhQSZos0VyJNC2hfKEBk2eVARUA5UwwRlKCM81SM0/gKaR728verpFUp25dl675arN8sksmTE3JKzolNrkmd3JEGaRJOnskreSPvxovxYXwaX/PWnLGYOSZ/ypj+AJLJoG8=</latexit>

strong

g2⇤
M4

(@µ ̄�
µ )2

Goldstinos 

L =
<latexit sha1_base64="sw2YuHO4kb5wrKB8wTMNsabzs4E=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrsKuCNkLQxsIignlANoS7k5s4ZPbBzF0hLAG/wlYrO7H1Vyz8F3fXLTTxVIdz7uWee7xISUO2/WktLC4tr6yW1srrG5tb25Wd3ZYJYy2wKUIV6o4HBpUMsEmSFHYijeB7Ctve+Crz2w+ojQyDO5pE2PNhFMihFECp5Lo+0L0AldxML/qVql2zc/B54hSkygo0+pUvdxCK2MeAhAJjuo4dUS8BTVIonJbd2GAEYgwj7KY0AB9NL8kzT/lhbIBCHqHmUvFcxN8bCfjGTHwvncwymlkvE//zujENz3uJDKKYMBDZIZIK80NGaJmWgXwgNRJBlhy5DLgADUSoJQchUjFO2ymnfTiz38+T1nHNOanZt6fV+mXRTIntswN2xBx2xursmjVYkwkWsSf2zF6sR+vVerPef0YXrGJnj/2B9fEN1xOWMA==</latexit>

(non-linear SUSY)

Goldstones 
(non-linear global symmetry)

c0 c2 c4 c6 c8 · · ·
<latexit sha1_base64="0JR1z4h4n2wBACK5RatX6Kcc6tk=">AAACH3icbVDLTgJBEJzFF+Jr1aOXicTEREJ2kShHohePmMgjYclmdmhwwuwjM70mZMNH+Al+hVc9eTNeOfgv7gIHBftSlarudHd5kRQaLWtq5NbWNza38tuFnd29/QPz8Kilw1hxaPJQhqrjMQ1SBNBEgRI6kQLmexLa3ug289tPoLQIgwccR9Dz2TAQA8EZppJrXnDXckpOibuVOVTnkFxN5qSWgcP7IWrXLFpla1Z0ldgLUiSLarjmt9MPeexDgFwyrbu2FWEvYQoFlzApOLGGiPERG0I3pQHzQfeS2VMTehZrhiGNQFEh6UyE3xMJ87Ue+17a6TN81MteJv7ndWMc1HqJCKIYIeDZIhQSZos0VyJNC2hfKEBk2eVARUA5UwwRlKCM81SM0/gKaR728verpFUp25dl675arN8sksmTE3JKzolNrkmd3JEGaRJOnskreSPvxovxYXwaX/PWnLGYOSZ/ypj+AJLJoG8=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

strong

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

L =
g2⇤
M2

(�⇤$@�)2
<latexit sha1_base64="3WBTjngmxSGFemlNQHRfHIAXHn0="></latexit>
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�
<latexit sha1_base64="iW1iapzh//+3hM6i69ukYhm0gp8=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTYJuLmJXjwqGBNIQuiddOKQ2QczvYIsfoRXPXkTr36NB//FSYygonUqqqrp7ooyrSwJ8ebNzS8sLi2vrJbW1jc2t8rbO1c2zY3Epkx1atoRWNQqwSYp0tjODEIcaWxF49OJ37pBY1WaXNJthr0YRokaKgnkpFZXu+gA+uWK8Bu1etAIufDrYaNarTkiQhFWQx74YooKm+G8X37vDlKZx5iQ1GBtJxAZ9QowpKTGu1I3t5iBHMMIO44mEKPtFdNz7/hBboFSnqHhSvOpiN8nCoitvY0jl4yBru1vbyL+5XVyGoa9QiVZTpjIySJSGqeLrDTK9YB8oAwSweRy5CrhEgwQoVEcpHRi7oopuT6+nub/k6uqH9R8cVGvHJ/Mmllhe2yfHbKAHbFjdsbOWZNJNmb37IE9eoX35D17L5/ROW82s8t+wHv9AHpflFw=</latexit>



EFT Point of view

c0 c2 c4 c6 c8 · · ·
<latexit sha1_base64="0JR1z4h4n2wBACK5RatX6Kcc6tk=">AAACH3icbVDLTgJBEJzFF+Jr1aOXicTEREJ2kShHohePmMgjYclmdmhwwuwjM70mZMNH+Al+hVc9eTNeOfgv7gIHBftSlarudHd5kRQaLWtq5NbWNza38tuFnd29/QPz8Kilw1hxaPJQhqrjMQ1SBNBEgRI6kQLmexLa3ug289tPoLQIgwccR9Dz2TAQA8EZppJrXnDXckpOibuVOVTnkFxN5qSWgcP7IWrXLFpla1Z0ldgLUiSLarjmt9MPeexDgFwyrbu2FWEvYQoFlzApOLGGiPERG0I3pQHzQfeS2VMTehZrhiGNQFEh6UyE3xMJ87Ue+17a6TN81MteJv7ndWMc1HqJCKIYIeDZIhQSZos0VyJNC2hfKEBk2eVARUA5UwwRlKCM81SM0/gKaR728verpFUp25dl675arN8sksmTE3JKzolNrkmd3JEGaRJOnskreSPvxovxYXwaX/PWnLGYOSZ/ypj+AJLJoG8=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

Galileon 

Non-linearly realised symmetries     arbitrarily soft EFTs
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<latexit sha1_base64="Au5ylVFKfH4SNfur/SAzdozvz48="></latexit>

⇡ ! ⇡ + cµx
µ + d

L =
g2⇤
M6

(@µ⇡@
µ⇡)⇤(@⌫⇡@

⌫⇡)
<latexit sha1_base64="c/SZzLh2PI84d4/DfxuGJVyYSKw="></latexit>

Nicolis,Rattazzi,Trincherini’08



EFT Point of view

c0 c2 c4 c6 c8 · · ·
<latexit sha1_base64="0JR1z4h4n2wBACK5RatX6Kcc6tk=">AAACH3icbVDLTgJBEJzFF+Jr1aOXicTEREJ2kShHohePmMgjYclmdmhwwuwjM70mZMNH+Al+hVc9eTNeOfgv7gIHBftSlarudHd5kRQaLWtq5NbWNza38tuFnd29/QPz8Kilw1hxaPJQhqrjMQ1SBNBEgRI6kQLmexLa3ug289tPoLQIgwccR9Dz2TAQA8EZppJrXnDXckpOibuVOVTnkFxN5qSWgcP7IWrXLFpla1Z0ldgLUiSLarjmt9MPeexDgFwyrbu2FWEvYQoFlzApOLGGiPERG0I3pQHzQfeS2VMTehZrhiGNQFEh6UyE3xMJ87Ue+17a6TN81MteJv7ndWMc1HqJCKIYIeDZIhQSZos0VyJNC2hfKEBk2eVARUA5UwwRlKCM81SM0/gKaR728verpFUp25dl675arN8sksmTE3JKzolNrkmd3JEGaRJOnskreSPvxovxYXwaX/PWnLGYOSZ/ypj+AJLJoG8=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

Galileon 

Non-linearly realised symmetries     arbitrarily soft EFTs

Atree
2!2 ⇠ c0 + c2

E2

M2
+ c4

E4

M4
+ c6

E6

M6
+ · · ·

<latexit sha1_base64="Au5ylVFKfH4SNfur/SAzdozvz48="></latexit>

⇡ ! ⇡ + cµx
µ + d

L =
g2⇤
M6

(@µ⇡@
µ⇡)⇤(@⌫⇡@

⌫⇡)
<latexit sha1_base64="c/SZzLh2PI84d4/DfxuGJVyYSKw="></latexit>

Hinbterbichler,Joyce’14
� 7�! �+ c(0) + c(1)µ xµ + c(2)µ⌫ x

µx⌫ + · · ·+ c(N)
µ1···µNxµ1 · · ·xµN

<latexit sha1_base64="eNewsXx0qFMSRicUSqpLSh28vZ0="></latexit>

Extended Shift symm. 

� 7�! �+ c(0) + c(1)µ xµ + c(2)µ⌫ x
µx⌫ + · · ·+ c(N)

µ1···µNxµ1 · · ·xµN

<latexit sha1_base64="eNewsXx0qFMSRicUSqpLSh28vZ0="></latexit>

c0 c2 c4 · · · cN · · ·
<latexit sha1_base64="A1ixhGZnemAsl0goxAF9+/uT7Qs=">AAACIHicbVDLSgNBEJyNrxhfqx69DAbBQwi7MaDHoBdPEsHEQDaE2UknDpl9MNMrhCU/4Sf4FV715E08KvgvziYBNbEvVVR1093lx1JodJwPK7e0vLK6ll8vbGxube/Yu3tNHSWKQ4NHMlItn2mQIoQGCpTQihWwwJdw6w8vMv/2HpQWUXiDoxg6ARuEoi84QyN17RLvOl7JM1CZQjUDj/ci1FPh6kfo2kWn7EyKLhJ3RopkVvWu/eX1Ip4EECKXTOu268TYSZlCwSWMC16iIWZ8yAbQNjRkAehOOvlqTI8SzTCiMSgqJJ2I8HsiZYHWo8A3nQHDOz3vZeJ/XjvB/lknFWGcIIQ8W4RCwmSR5kqYuID2hAJEll0OVISUM8UQQQnKODdiYvIrmDzc+e8XSbNSdk/KznW1WDufJZMnB+SQHBOXnJIauSR10iCcPJAn8kxerEfr1Xqz3qetOWs2s0/+lPX5DcINoRg=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

Nicolis,Rattazzi,Trincherini’08



EFT Point of view

c0 c2 c4 c6 c8 · · ·
<latexit sha1_base64="0JR1z4h4n2wBACK5RatX6Kcc6tk=">AAACH3icbVDLTgJBEJzFF+Jr1aOXicTEREJ2kShHohePmMgjYclmdmhwwuwjM70mZMNH+Al+hVc9eTNeOfgv7gIHBftSlarudHd5kRQaLWtq5NbWNza38tuFnd29/QPz8Kilw1hxaPJQhqrjMQ1SBNBEgRI6kQLmexLa3ug289tPoLQIgwccR9Dz2TAQA8EZppJrXnDXckpOibuVOVTnkFxN5qSWgcP7IWrXLFpla1Z0ldgLUiSLarjmt9MPeexDgFwyrbu2FWEvYQoFlzApOLGGiPERG0I3pQHzQfeS2VMTehZrhiGNQFEh6UyE3xMJ87Ue+17a6TN81MteJv7ndWMc1HqJCKIYIeDZIhQSZos0VyJNC2hfKEBk2eVARUA5UwwRlKCM81SM0/gKaR728verpFUp25dl675arN8sksmTE3JKzolNrkmd3JEGaRJOnskreSPvxovxYXwaX/PWnLGYOSZ/ypj+AJLJoG8=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

Galileon 

Non-linearly realised symmetries     arbitrarily soft EFTs

Atree
2!2 ⇠ c0 + c2

E2

M2
+ c4

E4

M4
+ c6

E6

M6
+ · · ·

<latexit sha1_base64="Au5ylVFKfH4SNfur/SAzdozvz48="></latexit>

⇡ ! ⇡ + cµx
µ + d

L =
g2⇤
M6

(@µ⇡@
µ⇡)⇤(@⌫⇡@

⌫⇡)
<latexit sha1_base64="c/SZzLh2PI84d4/DfxuGJVyYSKw="></latexit>

Hinbterbichler,Joyce’14
� 7�! �+ c(0) + c(1)µ xµ + c(2)µ⌫ x

µx⌫ + · · ·+ c(N)
µ1···µNxµ1 · · ·xµN

<latexit sha1_base64="eNewsXx0qFMSRicUSqpLSh28vZ0="></latexit>

Extended Shift symm. 

� 7�! �+ c(0) + c(1)µ xµ + c(2)µ⌫ x
µx⌫ + · · ·+ c(N)

µ1···µNxµ1 · · ·xµN

<latexit sha1_base64="eNewsXx0qFMSRicUSqpLSh28vZ0="></latexit>

c0 c2 c4 · · · cN · · ·
<latexit sha1_base64="A1ixhGZnemAsl0goxAF9+/uT7Qs=">AAACIHicbVDLSgNBEJyNrxhfqx69DAbBQwi7MaDHoBdPEsHEQDaE2UknDpl9MNMrhCU/4Sf4FV715E08KvgvziYBNbEvVVR1093lx1JodJwPK7e0vLK6ll8vbGxube/Yu3tNHSWKQ4NHMlItn2mQIoQGCpTQihWwwJdw6w8vMv/2HpQWUXiDoxg6ARuEoi84QyN17RLvOl7JM1CZQjUDj/ci1FPh6kfo2kWn7EyKLhJ3RopkVvWu/eX1Ip4EECKXTOu268TYSZlCwSWMC16iIWZ8yAbQNjRkAehOOvlqTI8SzTCiMSgqJJ2I8HsiZYHWo8A3nQHDOz3vZeJ/XjvB/lknFWGcIIQ8W4RCwmSR5kqYuID2hAJEll0OVISUM8UQQQnKODdiYvIrmDzc+e8XSbNSdk/KznW1WDufJZMnB+SQHBOXnJIauSR10iCcPJAn8kxerEfr1Xqz3qetOWs2s0/+lPX5DcINoRg=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

Nicolis,Rattazzi,Trincherini’08

Higher-Spin below cutoff 

L = �µ1...µj �⇤$@ µ1 · · ·
$
@ µj�

<latexit sha1_base64="bVYT4ItPQgI2cQUNuQ7v68x+9YE="></latexit>

M j ⌧ ⇤
<latexit sha1_base64="D/i/66jwgdmZw6M6GTVD0xKZuks=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuCnoMevGgEME8IBuW3kknjs4+mOkVwpIv8Cu86smbePUrPPgv7sYcNLFORVUX3V1+rKQh2/60CnPzC4tLxeXSyura+kZ5c6tpokQLbIhIRbrtg0ElQ2yQJIXtWCMEvsKWf3+e+60H1EZG4Q0NY+wGMAhlXwqgTPLKO1de6taN9O5GrlLcvcyiPfDKFbtqj8FniTMhFTZB3St/ub1IJAGGJBQY03HsmLopaJJC4ajkJgZjEPcwwE5GQwjQdNPx+SO+nxigiMeouVR8LOLvRAqBMcPAzyYDoFsz7eXif14nof5pN5VhnBCGIl9EUuF4kRFaZr0g70mNRJBfjlyGXIAGItSSgxCZmGRFlbI+nOnvZ0nzsOocVe3r40rtbNJMke2yPXbAHHbCauyC1VmDCZayJ/bMXqxH69V6s95/RgvWJLPN/sD6+AbKJZnq</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

c0 c2 c4 · · · c2j · · ·
<latexit sha1_base64="R7QXNL3beu9oR8IsbQCn5TxvzT8=">AAACI3icbVDLTgJBEJzFF+Jr1aOXicTEA8FdJNEj0YtHTOSRsGQzOzQ4MvvITK8J2fAZfoJf4VVP3owXD/yLu0CignXpSlV3uru8SAqNlvVl5FZW19Y38puFre2d3T1z/6Cpw1hxaPBQhqrtMQ1SBNBAgRLakQLmexJa3vA681uPoLQIgzscRdD12SAQfcEZppJrnnHXckpOibuVWalmxeG9EPVMSCoP4x/NNYtW2ZqCLhN7TopkjrprTpxeyGMfAuSSad2xrQi7CVMouIRxwYk1RIwP2QA6KQ2YD7qbTB8b05NYMwxpBIoKSaci/J5ImK/1yPfSTp/hvV70MvE/rxNj/7KbiCCKEQKeLUIhYbpIcyXSxID2hAJEll0OVASUM8UQQQnKOE/FOI2wkOZhL36/TJqVsn1etm6rxdrVPJk8OSLH5JTY5ILUyA2pkwbh5Im8kFfyZjwb78aH8TlrzRnzmUPyB8bkG1yGonw=</latexit>M j ⌧ ⇤

<latexit sha1_base64="D/i/66jwgdmZw6M6GTVD0xKZuks=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuCnoMevGgEME8IBuW3kknjs4+mOkVwpIv8Cu86smbePUrPPgv7sYcNLFORVUX3V1+rKQh2/60CnPzC4tLxeXSyura+kZ5c6tpokQLbIhIRbrtg0ElQ2yQJIXtWCMEvsKWf3+e+60H1EZG4Q0NY+wGMAhlXwqgTPLKO1de6taN9O5GrlLcvcyiPfDKFbtqj8FniTMhFTZB3St/ub1IJAGGJBQY03HsmLopaJJC4ajkJgZjEPcwwE5GQwjQdNPx+SO+nxigiMeouVR8LOLvRAqBMcPAzyYDoFsz7eXif14nof5pN5VhnBCGIl9EUuF4kRFaZr0g70mNRJBfjlyGXIAGItSSgxCZmGRFlbI+nOnvZ0nzsOocVe3r40rtbNJMke2yPXbAHHbCauyC1VmDCZayJ/bMXqxH69V6s95/RgvWJLPN/sD6+AbKJZnq</latexit>

0
<latexit sha1_base64="d2XxRT+5clGNQTrTSsx+UX2nbeA=">AAAB83icbVC7TsNAEFzzDOEVoKQ5ESFRRTYgQRlBQ5lI5CElVnS+bMIp57N1t0aKonwBLVR0iJYPouBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbcItKamyRJIXd2CAPA4WdYHKb+Z1HNFZG+p6mMfohH2s5koJTKjXdQaXq1twcbJl4BalCgcag8tUfRiIJUZNQ3Nqe58bkz7ghKRTOy/3EYszFhI+xl1LNQ7T+LA86Z6eJ5RSxGA2TiuUi/t6Y8dDaaRikkyGnB7voZeJ/Xi+h0bU/kzpOCLXIDpFUmB+ywsi0AWRDaZCIZ8mRSc0EN5wIjWRciFRM0krKaR/e4vfLpH1e8y5qbvOyWr8pminBMZzAGXhwBXW4gwa0QADCEzzDi5M4r86b8/4zuuIUO0fwB87HNxb7kTs=</latexit>

MPl
<latexit sha1_base64="w4pGgUN4ZwX0GVTu5wLmQNhQWkE=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQRlBQ4MUJPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGpd95OGmvYrVbtm5+DzxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOC33YoMRiDGMsJvSAHw0bpKnnfLD2ACFPELNpeK5iL83EvCNmfheOukD3ZlZLxP/87oxDc/dRAZRTBiI7BBJhfkhI7RMa0A+kBqJIEuOXAZcgAYi1JKDEKkYp72U0z6c2e/nSeu45pzU7JvTav2iaKbE9tkBO2IOO2N1dsUarMkEu2dP7Jm9WI/Wq/Vmvf+MLljFzh77A+vjGz5Ak50=</latexit>

Bounds

Bounds

Possible

Porrati,Rahman’08

Bonifacio,Hinterbichler’18


Afkhami-Jetti,Kundu,Tajdini’18
�
<latexit sha1_base64="FvrRzoQHRrfeztkcn+zakghU9f4=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH6sklOOT90t0ZEVn6BFio6RMvvUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP2ibMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTW8yv/OA2sgwuKdZhK4P40COpADKpH5zIgfVml23c/Bl4hSkxgo0B9Wv/jAUsY8BCQXG9Bw7IjcBTVIonFf6scEIxBTG2EtpAD4aN8mzzvlJbIBCHqHmUvFcxN8bCfjGzHwvnfSBJmbRy8T/vF5Moys3kUEUEwYiO0RSYX7ICC3TEpAPpUYiyJIjlwEXoIEIteQgRCrGaSuVtA9n8ftl0j6rO+d1++6i1rgumimzI3bMTpnDLlmD3bImazHBJuyJPbMX69F6td6s95/RklXsHLI/sD6+AY8LkqY=</latexit>

�
<latexit sha1_base64="hnKJb359jJiwaTDFDojz1qfAprI=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH5sklOOZ9Pd2tEZOUXaKGiQ7T8DgX/gm1cQMJUo5ld7ewEWgqLrvvplFZW19Y3ypuVre2d3b3q/kHbRrHh0OKRjEw3YBakUNBCgRK62gALAwmdYHqT+Z0HMFZE6h5nGvyQjZUYCc4wk/p6IgbVmlt3c9Bl4hWkRgo0B9Wv/jDicQgKuWTW9jxXo58wg4JLmFf6sQXN+JSNoZdSxUKwfpJnndOT2DKMqAZDhaS5CL83EhZaOwuDdDJkOLGLXib+5/ViHF35iVA6RlA8O4RCQn7IciPSEoAOhQFEliUHKhTlzDBEMIIyzlMxTluppH14i98vk/ZZ3Tuvu3cXtcZ10UyZHJFjcko8ckka5JY0SYtwMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDcErksY=</latexit>



Is any EFT Energy-running UV plausible?

PART I - Tree Level



Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06
UV-IR Connection

Study forward (t=0) amplitude

s 2 C
<latexit sha1_base64="3DCy1ErAITwoiklAnRs9J4LswtY=">AAACA3icbVC7TsNAEDzzDOERAyXNiQiJKrIBCcqINJRBIg8ptqLzZRNOOZ+tuzVSZKXkK2ihokO0fAgF/4JtXEDCVKOZXe3sBLEUBh3n01pZXVvf2KxsVbd3dvdq9v5B10SJ5tDhkYx0P2AGpFDQQYES+rEGFgYSesG0lfu9B9BGROoOZzH4IZsoMRacYSYN7ZrxhKJeyPA+CNLWfGjXnYZTgC4TtyR1UqI9tL+8UcSTEBRyyYwZuE6Mfso0Ci5hXvUSAzHjUzaBQUYVC8H4aRF8Tk8SwzCiMWgqJC1E+L2RstCYWRhkk3lCs+jl4n/eIMHxlZ8KFScIiueHUEgoDhmuRdYI0JHQgMjy5ECzEjjTDBG0oIzzTEyyiqpZH+7i98uke9ZwzxvO7UW9eV02UyFH5JicEpdckia5IW3SIZwk5Ik8kxfr0Xq13qz3n9EVq9w5JH9gfXwDetWXkw==</latexit>

A2!2(s) = c0 + c2
s+ t+ u

M2
+ c4

s2

M4
+ c6

stu

M2
+ c8

s2

M4
+ · · ·

<latexit sha1_base64="91FIlVkzgtPGiPOArzB5pf41+fM="></latexit>

for



Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06
UV-IR Connection

Broad UV-Assumptions:

Study forward (t=0) amplitude

s 2 C
<latexit sha1_base64="3DCy1ErAITwoiklAnRs9J4LswtY=">AAACA3icbVC7TsNAEDzzDOERAyXNiQiJKrIBCcqINJRBIg8ptqLzZRNOOZ+tuzVSZKXkK2ihokO0fAgF/4JtXEDCVKOZXe3sBLEUBh3n01pZXVvf2KxsVbd3dvdq9v5B10SJ5tDhkYx0P2AGpFDQQYES+rEGFgYSesG0lfu9B9BGROoOZzH4IZsoMRacYSYN7ZrxhKJeyPA+CNLWfGjXnYZTgC4TtyR1UqI9tL+8UcSTEBRyyYwZuE6Mfso0Ci5hXvUSAzHjUzaBQUYVC8H4aRF8Tk8SwzCiMWgqJC1E+L2RstCYWRhkk3lCs+jl4n/eIMHxlZ8KFScIiueHUEgoDhmuRdYI0JHQgMjy5ECzEjjTDBG0oIzzTEyyiqpZH+7i98uke9ZwzxvO7UW9eV02UyFH5JicEpdckia5IW3SIZwk5Ik8kxfr0Xq13qz3n9EVq9w5JH9gfXwDetWXkw==</latexit>

A2!2(s) = c0 + c2
s+ t+ u

M2
+ c4

s2

M4
+ c6

stu

M2
+ c8

s2

M4
+ · · ·

<latexit sha1_base64="91FIlVkzgtPGiPOArzB5pf41+fM="></latexit>

for



Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06
UV-IR Connection

Broad UV-Assumptions:

Study forward (t=0) amplitude

s 2 C
<latexit sha1_base64="3DCy1ErAITwoiklAnRs9J4LswtY=">AAACA3icbVC7TsNAEDzzDOERAyXNiQiJKrIBCcqINJRBIg8ptqLzZRNOOZ+tuzVSZKXkK2ihokO0fAgF/4JtXEDCVKOZXe3sBLEUBh3n01pZXVvf2KxsVbd3dvdq9v5B10SJ5tDhkYx0P2AGpFDQQYES+rEGFgYSesG0lfu9B9BGROoOZzH4IZsoMRacYSYN7ZrxhKJeyPA+CNLWfGjXnYZTgC4TtyR1UqI9tL+8UcSTEBRyyYwZuE6Mfso0Ci5hXvUSAzHjUzaBQUYVC8H4aRF8Tk8SwzCiMWgqJC1E+L2RstCYWRhkk3lCs+jl4n/eIMHxlZ8KFScIiueHUEgoDhmuRdYI0JHQgMjy5ECzEjjTDBG0oIzzTEyyiqpZH+7i98uke9ZwzxvO7UW9eV02UyFH5JicEpdckia5IW3SIZwk5Ik8kxfr0Xq13qz3n9EVq9w5JH9gfXwDetWXkw==</latexit>

Analyticity,    Crossing,    Unitarity,    Locality

A2!2(s) = c0 + c2
s+ t+ u

M2
+ c4

s2

M4
+ c6

stu

M2
+ c8

s2

M4
+ · · ·

<latexit sha1_base64="91FIlVkzgtPGiPOArzB5pf41+fM="></latexit>

for



Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06
UV-IR Connection

Broad UV-Assumptions:

Study forward (t=0) amplitude

s 2 C
<latexit sha1_base64="3DCy1ErAITwoiklAnRs9J4LswtY=">AAACA3icbVC7TsNAEDzzDOERAyXNiQiJKrIBCcqINJRBIg8ptqLzZRNOOZ+tuzVSZKXkK2ihokO0fAgF/4JtXEDCVKOZXe3sBLEUBh3n01pZXVvf2KxsVbd3dvdq9v5B10SJ5tDhkYx0P2AGpFDQQYES+rEGFgYSesG0lfu9B9BGROoOZzH4IZsoMRacYSYN7ZrxhKJeyPA+CNLWfGjXnYZTgC4TtyR1UqI9tL+8UcSTEBRyyYwZuE6Mfso0Ci5hXvUSAzHjUzaBQUYVC8H4aRF8Tk8SwzCiMWgqJC1E+L2RstCYWRhkk3lCs+jl4n/eIMHxlZ8KFScIiueHUEgoDhmuRdYI0JHQgMjy5ECzEjjTDBG0oIzzTEyyiqpZH+7i98uke9ZwzxvO7UW9eV02UyFH5JicEpdckia5IW3SIZwk5Ik8kxfr0Xq13qz3n9EVq9w5JH9gfXwDetWXkw==</latexit>

Analyticity,    Crossing,    Unitarity,    Locality

A2!2(s) = c0 + c2
s+ t+ u

M2
+ c4

s2

M4
+ c6

stu

M2
+ c8

s2

M4
+ · · ·

<latexit sha1_base64="91FIlVkzgtPGiPOArzB5pf41+fM="></latexit>

for

a

mima

EFT

M
<latexit sha1_base64="DIaByQgeivg31GiRXrIIZOFggv8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGhqkRCIPKbGi82UTTjmfrbs9pMjKF9BCRYdo+SAK/gXbuICEqUYzu9rZCWIpDLrup1NaWV1b3yhvVra2d3b3qvsHHRNZzaHNIxnpXsAMSKGgjQIl9GINLAwkdIPpTeZ3H0EbEal7nMXgh2yixFhwhqnUuhtWa27dzUGXiVeQGinQHFa/BqOI2xAUcsmM6XtujH7CNAouYV4ZWAMx41M2gX5KFQvB+EkedE5PrGEY0Rg0FZLmIvzeSFhozCwM0smQ4YNZ9DLxP69vcXzlJ0LFFkHx7BAKCfkhw7VIGwA6EhoQWZYcqFCUM80QQQvKOE9Fm1ZSSfvwFr9fJp2zunded1sXtcZ10UyZHJFjcko8ckka5JY0SZtwAuSJPJMXxzqvzpvz/jNacoqdQ/IHzsc3RC6RWA==</latexit>

M
<latexit sha1_base64="DIaByQgeivg31GiRXrIIZOFggv8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGhqkRCIPKbGi82UTTjmfrbs9pMjKF9BCRYdo+SAK/gXbuICEqUYzu9rZCWIpDLrup1NaWV1b3yhvVra2d3b3qvsHHRNZzaHNIxnpXsAMSKGgjQIl9GINLAwkdIPpTeZ3H0EbEal7nMXgh2yixFhwhqnUuhtWa27dzUGXiVeQGinQHFa/BqOI2xAUcsmM6XtujH7CNAouYV4ZWAMx41M2gX5KFQvB+EkedE5PrGEY0Rg0FZLmIvzeSFhozCwM0smQ4YNZ9DLxP69vcXzlJ0LFFkHx7BAKCfkhw7VIGwA6EhoQWZYcqFCUM80QQQvKOE9Fm1ZSSfvwFr9fJp2zunded1sXtcZ10UyZHJFjcko8ckka5JY0SZtwAuSJPJMXxzqvzpvz/jNacoqdQ/IHzsc3RC6RWA==</latexit>

. s log s
<latexit sha1_base64="1gb9ZRkw4+P2UwSWsYL1pmnV7pM=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQiJKrIBCcoIGsogkYeURNH5sgmnnM/W7TpSFKXlK2ihokO0/AcF/4JtUkDCVKOZXe3sBLFWSJ736RRWVtfWN4qbpa3tnd09d/+ggVFiJdRlpCPbCgSCVgbqpEhDK7YgwkBDMxjdZH5zDBZVZO5pEkM3FEOjBkoKSqWe63Y0IKIKOXZ0NOTYc8texcvBl4k/J2U2R63nfnX6kUxCMCS1QGz7XkzdqbCkpIZZqZMgxEKOxBDaKTUiBOxO8+QzfpKgoIjHYLnSPBfh98ZUhIiTMEgnQ0EPuOhl4n9eO6HBVXeqTJwQGJkdIqUhP4TSqrQS4H1lgUhkyYErw6Wwggis4kLKVEzSjkppH/7i98ukcVbxzyve3UW5ej1vpsiO2DE7ZT67ZFV2y2qsziQbsyf2zF6cR+fVeXPef0YLznznkP2B8/ENLF2X8g==</latexit>Ims

<latexit sha1_base64="VLUs4zKKKxeGvnppQJDUsg1UyUs=">AAAB/3icdVC7TgJBFJ3FF+ILtbSZSEysyK4SgY5oox0m8khgQ2aHC06Y2V1n7hrJhsKvsNXKztj6KRb+i8uCiRo91ck59+aee7xQCoO2/W5lFhaXlleyq7m19Y3Nrfz2TtMEkebQ4IEMdNtjBqTwoYECJbRDDUx5Elre6Gzqt25BGxH4VzgOwVVs6IuB4AwTye0i3KFW8YWaUNPLF+xiqeqUq8c0JZXKyYyUyw51inaKApmj3st/dPsBjxT4yCUzpuPYIbox0yi4hEmuGxkIGR+xIXQS6jMFxo3T0BN6EBmGAQ1BUyFpKsL3jZgpY8bKSyYVw2vz25uKf3mdCAcVNxZ+GCH4fHoIhYT0kOFaJG0A7QsNiGyaHKjwKWeaIYIWlHGeiFFSTy7p4+tp+j9pHhWd46J9WSrUTufNZMke2SeHxCFlUiPnpE4ahJMb8kAeyZN1bz1bL9brbDRjzXd2yQ9Yb59rpZcm</latexit>

Re s
<latexit sha1_base64="0WPiJdSshY6xZ+UBCe3dggujX3A=">AAACA3icdVC7TgJBFJ3FF+ID1NJmIjGxMGRXiEBHtLFEI4+EJWR2uOCE2Udm7hrJhtKvsNXKztj6IRb+i7sLJmr0VCfn3Jt77nECKTSa5ruRWVpeWV3Lruc2Nre284Wd3bb2Q8WhxX3pq67DNEjhQQsFSugGCpjrSOg4k/PE79yC0sL3rnEaQN9lY0+MBGcYS4NC3ka4Q+VGVzCj9rEeFIpmqVK3qvUyTUmtdjon1apFrZKZokgWaA4KH/bQ56ELHnLJtO5ZZoD9iCkUXMIsZ4caAsYnbAy9mHrMBd2P0uAzehhqhj4NQFEhaSrC942IuVpPXSeedBne6N9eIv7l9UIc1fqR8IIQwePJIRQS0kOaKxE3AnQoFCCyJDlQ4VHOFEMEJSjjPBbDuKJc3MfX0/R/0j4pWeWSeVkpNs4WzWTJPjkgR8QiVdIgF6RJWoSTkDyQR/Jk3BvPxovxOh/NGIudPfIDxtsnDvKX9A==</latexit>

UV

Froissart-Martin(Deform Contour) Disc ⇠ s�Tot(s) > 0s $ u
⇠ (s $ �s)

<latexit sha1_base64="22BVkhRzWc/FkwHquoCgya+8Ca8=">AAACDnicbVDLTgJBEJzFF+IL9aaXicQED5JdNdEj0YtHTOSRsBvSOzQwYfaRmV4NISR+gl/hVU/ejFd/wYP/4oIcFKxTpao73VV+rKQh2/60MguLS8sr2dXc2vrG5lZ+e6dmokQLrIpIRbrhg0ElQ6ySJIWNWCMEvsK6378a+/U71EZG4S0NYvQC6IayIwVQKrXye66RAS8aV2GHtOz2CLSO7vmxOWrlC3bJnoDPE2dKCmyKSiv/5bYjkQQYklBgTNOxY/KGoEkKhaOcmxiMQfShi82UhhCg8YaTDCN+mBigiMeouVR8IuLvjSEExgwCP50MgHpm1huL/3nNhDoX3lCGcUIYivEhkgonh4zQMi0HeVtqJILx58hlyAVoIEItOQiRiknaVi7tw5lNP09qJyXntGTfnBXKl9NmsmyfHbAic9g5K7NrVmFVJtgDe2LP7MV6tF6tN+v9ZzRjTXd22R9YH99VOpvP</latexit>

⇥
<latexit sha1_base64="NTDlgoyK8/EyJOs9wyJeNyqUZbI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH5sglHzmfrbo0UrPwDLVR0iJa/oeBfOBsXkDDVaGZXsztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tokRzaPFIRrobMANSKGihQAndWAMLAwmdYHKV+Z0H0EZE6hanMfghGysxEpyhldp9FCGYQbXm1t0cdJF4BamRAs1B9as/jHgSgkIumTE9z43RT5lGwSXMKv3EQMz4hI2hZ6liNsRP82tn9CgxDCMag6ZC0lyE3xspC42ZhoGdDBnemXkvE//zegmOLvxUqDhBUDwLQiEhDzJcC1sD0KHQgMiyy4EKRTnTDBG0oIxzKya2l4rtw5v/fpG0T+read29Oas1LotmyuSAHJJj4pFz0iDXpElahJN78kSeyYvz6Lw6b877z2jJKXb2yR84H99tnpO7</latexit>

A2!2(s)

Pn(s)
<latexit sha1_base64="QnTnSQLGJfuagEyXOtHlVFmjzpQ=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFBE9kBCcoADWWQCCDFkbW+bODE+WzdrZEiy1/AJ/AVtFDRIVoqCv4FO6QAwjQ7mtnV7k6YKGnJdT+cqemZ2bn5ykJ1cWl5ZbW2tn5h49QI7IhYxeYqBItKauyQJIVXiUGIQoWX4e1J6V/eobEy1uc0TLAXwbWWAymACimobfsDAyLzI6AbASo7yoOs6VPczHfsbp61A13WoFZ3G+4IfJJ4Y1JnY7SD2qffj0UaoSahwNqu5ybUy8CQFArzqp9aTEDcwjV2C6ohQtvLRu/kfDu1QDFP0HCp+EjEnxMZRNYOo7DoLM+2f71S/M/rpjQ47GVSJymhFuUikgpHi6wwssgJeV8aJILycuRScwEGiNBIDkIUYloEVy3y8P5+P0kumg1vr+Ge7ddbx+NkKmyTbbEd5rED1mKnrM06TLB79sie2LPz4Lw4r87bd+uUM57ZYL/gvH8BRtugmg==</latexit>

Drop big contour 
for

Study

Pn(s) ⇠ sn & s3
<latexit sha1_base64="LhrpQpBq6k+gNH5BP9YS66ov2wA=">AAACDnicbVC7TsNAEDyHVwivAB00JyKk0EQ2QYIygoYySOQhxSE6XzbhlPPZulsjRVEkPoGvoIWKDtHyCxT8C7bjAhKmGs3sanfGC6UwaNtfVm5peWV1Lb9e2Njc2t4p7u41TRBpDg0eyEC3PWZACgUNFCihHWpgvieh5Y2uEr/1ANqIQN3iOISuz4ZKDARnGEu94kG9p8rmxDXCp+ZOuUPUM1p1e8WSXbFT0EXiZKREMtR7xW+3H/DIB4VcMmM6jh1id8I0Ci5hWnAjAyHjIzaETkwV88F0J2mGKT2ODMOAhqCpkDQV4ffGhPnGjH0vnvQZ3pt5LxH/8zoRDi66E6HCCEHx5BAKCekhw7WIywHaFxoQWfI5UKEoZ5ohghaUcR6LUdxWIe7DmU+/SJqnFadasW/OSrXLrJk8OSRHpEwcck5q5JrUSYNw8kieyQt5tZ6sN+vd+piN5qxsZ5/8gfX5A+d6m40=</latexit>

(s ! 1)
<latexit sha1_base64="6kxdm+pXuuw2OHkbnfyyxCAXS8Y=">AAAB/3icbVC7TsNAEDyHVwivACXNiQgpNJENSFBG0FAGiTyk2IrOl0045Xw2d2ukyErBV9BCRYdo+RQK/gXbuICEqUYzu5rd8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTq8zvPoA2IlS3OI3AC9hYiZHgDFPJqxsXQ+oKNcLp8aBasxt2DrpInILUSIHWoPrlDkMeB6CQS2ZM37Ej9BKmUXAJs4obG4gYn7Ax9FOqWADGS/KjZ/QoNizNjkBTIWkuwu+NhAXGTAM/nQwY3pl5LxP/8/oxji68RKgoRlA8C0IhIQ8yXIu0DaBDoQGRZZcDFYpyphkiaEEZ56kYp/VU0j6c+e8XSeek4Zw27JuzWvOyaKZMDsghqROHnJMmuSYt0iac3JMn8kxerEfr1Xqz3n9GS1axs0/+wPr4BucXliw=</latexit>



Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06
UV-IR Connection

Broad UV-Assumptions:

Study forward (t=0) amplitude

s 2 C
<latexit sha1_base64="3DCy1ErAITwoiklAnRs9J4LswtY=">AAACA3icbVC7TsNAEDzzDOERAyXNiQiJKrIBCcqINJRBIg8ptqLzZRNOOZ+tuzVSZKXkK2ihokO0fAgF/4JtXEDCVKOZXe3sBLEUBh3n01pZXVvf2KxsVbd3dvdq9v5B10SJ5tDhkYx0P2AGpFDQQYES+rEGFgYSesG0lfu9B9BGROoOZzH4IZsoMRacYSYN7ZrxhKJeyPA+CNLWfGjXnYZTgC4TtyR1UqI9tL+8UcSTEBRyyYwZuE6Mfso0Ci5hXvUSAzHjUzaBQUYVC8H4aRF8Tk8SwzCiMWgqJC1E+L2RstCYWRhkk3lCs+jl4n/eIMHxlZ8KFScIiueHUEgoDhmuRdYI0JHQgMjy5ECzEjjTDBG0oIzzTEyyiqpZH+7i98uke9ZwzxvO7UW9eV02UyFH5JicEpdckia5IW3SIZwk5Ik8kxfr0Xq13qz3n9EVq9w5JH9gfXwDetWXkw==</latexit>

Analyticity,    Crossing,    Unitarity,    Locality

A2!2(s) = c0 + c2
s+ t+ u

M2
+ c4

s2

M4
+ c6

stu

M2
+ c8

s2

M4
+ · · ·

<latexit sha1_base64="91FIlVkzgtPGiPOArzB5pf41+fM="></latexit>

for

a

mima

EFT

M
<latexit sha1_base64="DIaByQgeivg31GiRXrIIZOFggv8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGhqkRCIPKbGi82UTTjmfrbs9pMjKF9BCRYdo+SAK/gXbuICEqUYzu9rZCWIpDLrup1NaWV1b3yhvVra2d3b3qvsHHRNZzaHNIxnpXsAMSKGgjQIl9GINLAwkdIPpTeZ3H0EbEal7nMXgh2yixFhwhqnUuhtWa27dzUGXiVeQGinQHFa/BqOI2xAUcsmM6XtujH7CNAouYV4ZWAMx41M2gX5KFQvB+EkedE5PrGEY0Rg0FZLmIvzeSFhozCwM0smQ4YNZ9DLxP69vcXzlJ0LFFkHx7BAKCfkhw7VIGwA6EhoQWZYcqFCUM80QQQvKOE9Fm1ZSSfvwFr9fJp2zunded1sXtcZ10UyZHJFjcko8ckka5JY0SZtwAuSJPJMXxzqvzpvz/jNacoqdQ/IHzsc3RC6RWA==</latexit>

M
<latexit sha1_base64="DIaByQgeivg31GiRXrIIZOFggv8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGhqkRCIPKbGi82UTTjmfrbs9pMjKF9BCRYdo+SAK/gXbuICEqUYzu9rZCWIpDLrup1NaWV1b3yhvVra2d3b3qvsHHRNZzaHNIxnpXsAMSKGgjQIl9GINLAwkdIPpTeZ3H0EbEal7nMXgh2yixFhwhqnUuhtWa27dzUGXiVeQGinQHFa/BqOI2xAUcsmM6XtujH7CNAouYV4ZWAMx41M2gX5KFQvB+EkedE5PrGEY0Rg0FZLmIvzeSFhozCwM0smQ4YNZ9DLxP69vcXzlJ0LFFkHx7BAKCfkhw7VIGwA6EhoQWZYcqFCUM80QQQvKOE9Fm1ZSSfvwFr9fJp2zunded1sXtcZ10UyZHJFjcko8ckka5JY0SZtwAuSJPJMXxzqvzpvz/jNacoqdQ/IHzsc3RC6RWA==</latexit>

. s log s
<latexit sha1_base64="1gb9ZRkw4+P2UwSWsYL1pmnV7pM=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQiJKrIBCcoIGsogkYeURNH5sgmnnM/W7TpSFKXlK2ihokO0/AcF/4JtUkDCVKOZXe3sBLFWSJ736RRWVtfWN4qbpa3tnd09d/+ggVFiJdRlpCPbCgSCVgbqpEhDK7YgwkBDMxjdZH5zDBZVZO5pEkM3FEOjBkoKSqWe63Y0IKIKOXZ0NOTYc8texcvBl4k/J2U2R63nfnX6kUxCMCS1QGz7XkzdqbCkpIZZqZMgxEKOxBDaKTUiBOxO8+QzfpKgoIjHYLnSPBfh98ZUhIiTMEgnQ0EPuOhl4n9eO6HBVXeqTJwQGJkdIqUhP4TSqrQS4H1lgUhkyYErw6Wwggis4kLKVEzSjkppH/7i98ukcVbxzyve3UW5ej1vpsiO2DE7ZT67ZFV2y2qsziQbsyf2zF6cR+fVeXPef0YLznznkP2B8/ENLF2X8g==</latexit>Ims

<latexit sha1_base64="VLUs4zKKKxeGvnppQJDUsg1UyUs=">AAAB/3icdVC7TgJBFJ3FF+ILtbSZSEysyK4SgY5oox0m8khgQ2aHC06Y2V1n7hrJhsKvsNXKztj6KRb+i8uCiRo91ck59+aee7xQCoO2/W5lFhaXlleyq7m19Y3Nrfz2TtMEkebQ4IEMdNtjBqTwoYECJbRDDUx5Elre6Gzqt25BGxH4VzgOwVVs6IuB4AwTye0i3KFW8YWaUNPLF+xiqeqUq8c0JZXKyYyUyw51inaKApmj3st/dPsBjxT4yCUzpuPYIbox0yi4hEmuGxkIGR+xIXQS6jMFxo3T0BN6EBmGAQ1BUyFpKsL3jZgpY8bKSyYVw2vz25uKf3mdCAcVNxZ+GCH4fHoIhYT0kOFaJG0A7QsNiGyaHKjwKWeaIYIWlHGeiFFSTy7p4+tp+j9pHhWd46J9WSrUTufNZMke2SeHxCFlUiPnpE4ahJMb8kAeyZN1bz1bL9brbDRjzXd2yQ9Yb59rpZcm</latexit>

Re s
<latexit sha1_base64="0WPiJdSshY6xZ+UBCe3dggujX3A=">AAACA3icdVC7TgJBFJ3FF+ID1NJmIjGxMGRXiEBHtLFEI4+EJWR2uOCE2Udm7hrJhtKvsNXKztj6IRb+i7sLJmr0VCfn3Jt77nECKTSa5ruRWVpeWV3Lruc2Nre284Wd3bb2Q8WhxX3pq67DNEjhQQsFSugGCpjrSOg4k/PE79yC0sL3rnEaQN9lY0+MBGcYS4NC3ka4Q+VGVzCj9rEeFIpmqVK3qvUyTUmtdjon1apFrZKZokgWaA4KH/bQ56ELHnLJtO5ZZoD9iCkUXMIsZ4caAsYnbAy9mHrMBd2P0uAzehhqhj4NQFEhaSrC942IuVpPXSeedBne6N9eIv7l9UIc1fqR8IIQwePJIRQS0kOaKxE3AnQoFCCyJDlQ4VHOFEMEJSjjPBbDuKJc3MfX0/R/0j4pWeWSeVkpNs4WzWTJPjkgR8QiVdIgF6RJWoSTkDyQR/Jk3BvPxovxOh/NGIudPfIDxtsnDvKX9A==</latexit>

UV

Froissart-Martin(Deform Contour) Disc ⇠ s�Tot(s) > 0s $ u
⇠ (s $ �s)

<latexit sha1_base64="22BVkhRzWc/FkwHquoCgya+8Ca8=">AAACDnicbVDLTgJBEJzFF+IL9aaXicQED5JdNdEj0YtHTOSRsBvSOzQwYfaRmV4NISR+gl/hVU/ejFd/wYP/4oIcFKxTpao73VV+rKQh2/60MguLS8sr2dXc2vrG5lZ+e6dmokQLrIpIRbrhg0ElQ6ySJIWNWCMEvsK6378a+/U71EZG4S0NYvQC6IayIwVQKrXye66RAS8aV2GHtOz2CLSO7vmxOWrlC3bJnoDPE2dKCmyKSiv/5bYjkQQYklBgTNOxY/KGoEkKhaOcmxiMQfShi82UhhCg8YaTDCN+mBigiMeouVR8IuLvjSEExgwCP50MgHpm1huL/3nNhDoX3lCGcUIYivEhkgonh4zQMi0HeVtqJILx58hlyAVoIEItOQiRiknaVi7tw5lNP09qJyXntGTfnBXKl9NmsmyfHbAic9g5K7NrVmFVJtgDe2LP7MV6tF6tN+v9ZzRjTXd22R9YH99VOpvP</latexit>

⇥
<latexit sha1_base64="NTDlgoyK8/EyJOs9wyJeNyqUZbI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH5sglHzmfrbo0UrPwDLVR0iJa/oeBfOBsXkDDVaGZXsztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tokRzaPFIRrobMANSKGihQAndWAMLAwmdYHKV+Z0H0EZE6hanMfghGysxEpyhldp9FCGYQbXm1t0cdJF4BamRAs1B9as/jHgSgkIumTE9z43RT5lGwSXMKv3EQMz4hI2hZ6liNsRP82tn9CgxDCMag6ZC0lyE3xspC42ZhoGdDBnemXkvE//zegmOLvxUqDhBUDwLQiEhDzJcC1sD0KHQgMiyy4EKRTnTDBG0oIxzKya2l4rtw5v/fpG0T+read29Oas1LotmyuSAHJJj4pFz0iDXpElahJN78kSeyYvz6Lw6b877z2jJKXb2yR84H99tnpO7</latexit>

A2!2(s)

Pn(s)
<latexit sha1_base64="QnTnSQLGJfuagEyXOtHlVFmjzpQ=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFBE9kBCcoADWWQCCDFkbW+bODE+WzdrZEiy1/AJ/AVtFDRIVoqCv4FO6QAwjQ7mtnV7k6YKGnJdT+cqemZ2bn5ykJ1cWl5ZbW2tn5h49QI7IhYxeYqBItKauyQJIVXiUGIQoWX4e1J6V/eobEy1uc0TLAXwbWWAymACimobfsDAyLzI6AbASo7yoOs6VPczHfsbp61A13WoFZ3G+4IfJJ4Y1JnY7SD2qffj0UaoSahwNqu5ybUy8CQFArzqp9aTEDcwjV2C6ohQtvLRu/kfDu1QDFP0HCp+EjEnxMZRNYOo7DoLM+2f71S/M/rpjQ47GVSJymhFuUikgpHi6wwssgJeV8aJILycuRScwEGiNBIDkIUYloEVy3y8P5+P0kumg1vr+Ge7ddbx+NkKmyTbbEd5rED1mKnrM06TLB79sie2LPz4Lw4r87bd+uUM57ZYL/gvH8BRtugmg==</latexit>

Drop big contour 
for

Study

Pn(s) ⇠ sn & s3
<latexit sha1_base64="LhrpQpBq6k+gNH5BP9YS66ov2wA=">AAACDnicbVC7TsNAEDyHVwivAB00JyKk0EQ2QYIygoYySOQhxSE6XzbhlPPZulsjRVEkPoGvoIWKDtHyCxT8C7bjAhKmGs3sanfGC6UwaNtfVm5peWV1Lb9e2Njc2t4p7u41TRBpDg0eyEC3PWZACgUNFCihHWpgvieh5Y2uEr/1ANqIQN3iOISuz4ZKDARnGEu94kG9p8rmxDXCp+ZOuUPUM1p1e8WSXbFT0EXiZKREMtR7xW+3H/DIB4VcMmM6jh1id8I0Ci5hWnAjAyHjIzaETkwV88F0J2mGKT2ODMOAhqCpkDQV4ffGhPnGjH0vnvQZ3pt5LxH/8zoRDi66E6HCCEHx5BAKCekhw7WIywHaFxoQWfI5UKEoZ5ohghaUcR6LUdxWIe7DmU+/SJqnFadasW/OSrXLrJk8OSRHpEwcck5q5JrUSYNw8kieyQt5tZ6sN+vd+piN5qxsZ5/8gfX5A+d6m40=</latexit>

(s ! 1)
<latexit sha1_base64="6kxdm+pXuuw2OHkbnfyyxCAXS8Y=">AAAB/3icbVC7TsNAEDyHVwivACXNiQgpNJENSFBG0FAGiTyk2IrOl0045Xw2d2ukyErBV9BCRYdo+RQK/gXbuICEqUYzu5rd8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTq8zvPoA2IlS3OI3AC9hYiZHgDFPJqxsXQ+oKNcLp8aBasxt2DrpInILUSIHWoPrlDkMeB6CQS2ZM37Ej9BKmUXAJs4obG4gYn7Ax9FOqWADGS/KjZ/QoNizNjkBTIWkuwu+NhAXGTAM/nQwY3pl5LxP/8/oxji68RKgoRlA8C0IhIQ8yXIu0DaBDoQGRZZcDFYpyphkiaEEZ56kYp/VU0j6c+e8XSeek4Zw27JuzWvOyaKZMDsghqROHnJMmuSYt0iac3JMn8kxerEfr1Xqz3n9GS1axs0/+wPr4BucXliw=</latexit>

c2n = Ress=0
A2!2(s)

sn
=

Z 1

M
ds s

�tot(s)

sn
> 0

<latexit sha1_base64="U69X/njuhylsl4+MYR4LM0TwohE="></latexit>

n>2 odd



Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06
Positivity Constraints

No direct info on effects ≈ E2 or const (operators d≤6)

Strictly positive E4 (and En>4) effects (operators d≥8): 
i�j†�µ@µ�j+

1

F 2

⇣
�†
i@µ�

†
j

⌘ �
@µ�i�j

�
<latexit sha1_base64="eB6VA4j4AWPL5ViKjKMZe5esCEo="></latexit>

e.g Goldstino:

Any (non-linear) symmetry forbidding E4 cannot be exact

Small relevant perturbation makes theory OK 

L = �1

2
(@µ⇡)

2
h
1 +

c3
⇤3

⇤⇡ +
c4
⇤6

⇣
(⇤⇡)2 � (@µ@⌫⇡)

2
⌘
]�m2

2
⇡2

<latexit sha1_base64="gxRsUSY6PeVydeQzGsqhVN0Bito="></latexit>

e.g massive Galileon::

Res =
c23m

2

2⇤6
> 0

<latexit sha1_base64="6IX6gF7XzReaI7Jv5/4aJ4YMsys="></latexit>

(vanishes in exact Galileon limit)



More Positive

More structure accessible by more general 
A2!2(s)

Pn(s)
<latexit sha1_base64="QnTnSQLGJfuagEyXOtHlVFmjzpQ=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFBE9kBCcoADWWQCCDFkbW+bODE+WzdrZEiy1/AJ/AVtFDRIVoqCv4FO6QAwjQ7mtnV7k6YKGnJdT+cqemZ2bn5ykJ1cWl5ZbW2tn5h49QI7IhYxeYqBItKauyQJIVXiUGIQoWX4e1J6V/eobEy1uc0TLAXwbWWAymACimobfsDAyLzI6AbASo7yoOs6VPczHfsbp61A13WoFZ3G+4IfJJ4Y1JnY7SD2qffj0UaoSahwNqu5ybUy8CQFArzqp9aTEDcwjV2C6ohQtvLRu/kfDu1QDFP0HCp+EjEnxMZRNYOo7DoLM+2f71S/M/rpjQ47GVSJymhFuUikgpHi6wwssgJeV8aJILycuRScwEGiNBIDkIUYloEVy3y8P5+P0kumg1vr+Ge7ddbx+NkKmyTbbEd5rED1mKnrM06TLB79sie2LPz4Lw4r87bd+uUM57ZYL/gvH8BRtugmg==</latexit>

Must be odd order n≥3
1

Pn(s)
� 1

Pn(�s)
> 0

<latexit sha1_base64="NdBe99ADVpu8y6whBmO+dacW1QE=">AAACGHicbZC7TsNAEEXX4R1eAUqaFQEJCiIbkKBCETSUQSIPKbGi8WYCq6zX1u4YCVn5AT6Br6CFig7R0lHwLzjBBQGmujp3RjNzg1hJS6774RSmpmdm5+YXiotLyyurpbX1ho0SI7AuIhWZVgAWldRYJ0kKW7FBCAOFzWBwPvKbt2isjPQV3cXoh3CtZV8KoAx1S9udvgGResO01tW7dm+4PwH2M3Lqdktlt+KOi/8VXi7KLK9at/TZ6UUiCVGTUGBt23Nj8lMwJIXCYbGTWIxBDOAa25nUEKL10/E3Q76TWKCIx2i4VHwM8edECqG1d2GQdYZAN/a3N4L/ee2E+id+KnWcEGoxWkRS4XiRFUZmMSHvSYNEMLocudRcgAEiNJKDEBlMstyKWR7e7+//isZBxTusuJdH5epZnsw822RbbJd57JhV2QWrsToT7J49sif27Dw4L86r8/bdWnDymQ02Uc77Fx0an1Y=</latexit>

(s > M2)
<latexit sha1_base64="mkDeuJcCP/387es0HgUHch9ul8M=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgpNJEdkKBCETQ0SEEiDykx0fmyCaecz9bdGimy8hG0UNEhWr6Ggn/BNi4gYarRzK52drxQCoO2/WkVlpZXVteK66WNza3tnfLuXtsEkebQ4oEMdNdjBqRQ0EKBErqhBuZ7Ejre5Cr1O4+gjQjUHU5DcH02VmIkOMNE6lTNxc19/XhQrtg1OwNdJE5OKiRHc1D+6g8DHvmgkEtmTM+xQ3RjplFwCbNSPzIQMj5hY+glVDEfjBtncWf0KDIMAxqCpkLSTITfGzHzjZn6XjLpM3ww814q/uf1Ihydu7FQYYSgeHoIhYTskOFaJD0AHQoNiCxNDlQoyplmiKAFZZwnYpQUU0r6cOa/XyTtes05qdm3p5XGZd5MkRyQQ1IlDjkjDXJNmqRFOJmQJ/JMXqzYerXerPef0YKV7+yTP7A+vgGanZMm</latexit>

a

if

Ì
Pn(s) = s(s+R2)

<latexit sha1_base64="SA8WrSctxzp/PPL3LqDju8b+Ivo=">AAACA3icbVC7SgNBFJ2NrxgfWbW0GQxCghB2o6CNELSxjGIekMQwO7mJQ2Znl5m7Qggp/QpbrezE1g+x8F/cjVto4qkO59zLPfd4oRQGHefTyiwtr6yuZddzG5tb23l7Z7dhgkhzqPNABrrlMQNSKKijQAmtUAPzPQlNb3SZ+M0H0EYE6hbHIXR9NlRiIDjDWOrZ+VpPFU3p3BTN0c1dpdSzC07ZmYEuEjclBZKi1rO/Ov2ARz4o5JIZ03adELsTplFwCdNcJzIQMj5iQ2jHVDEfTHcyCz6lh5FhGNAQNBWSzkT4vTFhvjFj34snfYb3Zt5LxP+8doSDs+5EqDBCUDw5hELC7JDhWsSNAO0LDYgsSQ5UKMqZZoigBWWcx2IUV5SL+3Dnv18kjUrZPS471yeF6kXaTJbskwNSJC45JVVyRWqkTjiJyBN5Ji/Wo/VqvVnvP6MZK93ZI39gfXwDQRCWKg==</latexit>

e.g:



More Positive

More structure accessible by more general 
A2!2(s)

Pn(s)
<latexit sha1_base64="QnTnSQLGJfuagEyXOtHlVFmjzpQ=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFBE9kBCcoADWWQCCDFkbW+bODE+WzdrZEiy1/AJ/AVtFDRIVoqCv4FO6QAwjQ7mtnV7k6YKGnJdT+cqemZ2bn5ykJ1cWl5ZbW2tn5h49QI7IhYxeYqBItKauyQJIVXiUGIQoWX4e1J6V/eobEy1uc0TLAXwbWWAymACimobfsDAyLzI6AbASo7yoOs6VPczHfsbp61A13WoFZ3G+4IfJJ4Y1JnY7SD2qffj0UaoSahwNqu5ybUy8CQFArzqp9aTEDcwjV2C6ohQtvLRu/kfDu1QDFP0HCp+EjEnxMZRNYOo7DoLM+2f71S/M/rpjQ47GVSJymhFuUikgpHi6wwssgJeV8aJILycuRScwEGiNBIDkIUYloEVy3y8P5+P0kumg1vr+Ge7ddbx+NkKmyTbbEd5rED1mKnrM06TLB79sie2LPz4Lw4r87bd+uUM57ZYL/gvH8BRtugmg==</latexit>

Must be odd order n≥3
1

Pn(s)
� 1

Pn(�s)
> 0

<latexit sha1_base64="NdBe99ADVpu8y6whBmO+dacW1QE=">AAACGHicbZC7TsNAEEXX4R1eAUqaFQEJCiIbkKBCETSUQSIPKbGi8WYCq6zX1u4YCVn5AT6Br6CFig7R0lHwLzjBBQGmujp3RjNzg1hJS6774RSmpmdm5+YXiotLyyurpbX1ho0SI7AuIhWZVgAWldRYJ0kKW7FBCAOFzWBwPvKbt2isjPQV3cXoh3CtZV8KoAx1S9udvgGResO01tW7dm+4PwH2M3Lqdktlt+KOi/8VXi7KLK9at/TZ6UUiCVGTUGBt23Nj8lMwJIXCYbGTWIxBDOAa25nUEKL10/E3Q76TWKCIx2i4VHwM8edECqG1d2GQdYZAN/a3N4L/ee2E+id+KnWcEGoxWkRS4XiRFUZmMSHvSYNEMLocudRcgAEiNJKDEBlMstyKWR7e7+//isZBxTusuJdH5epZnsw822RbbJd57JhV2QWrsToT7J49sif27Dw4L86r8/bdWnDymQ02Uc77Fx0an1Y=</latexit>

(s > M2)
<latexit sha1_base64="mkDeuJcCP/387es0HgUHch9ul8M=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgpNJEdkKBCETQ0SEEiDykx0fmyCaecz9bdGimy8hG0UNEhWr6Ggn/BNi4gYarRzK52drxQCoO2/WkVlpZXVteK66WNza3tnfLuXtsEkebQ4oEMdNdjBqRQ0EKBErqhBuZ7Ejre5Cr1O4+gjQjUHU5DcH02VmIkOMNE6lTNxc19/XhQrtg1OwNdJE5OKiRHc1D+6g8DHvmgkEtmTM+xQ3RjplFwCbNSPzIQMj5hY+glVDEfjBtncWf0KDIMAxqCpkLSTITfGzHzjZn6XjLpM3ww814q/uf1Ihydu7FQYYSgeHoIhYTskOFaJD0AHQoNiCxNDlQoyplmiKAFZZwnYpQUU0r6cOa/XyTtes05qdm3p5XGZd5MkRyQQ1IlDjkjDXJNmqRFOJmQJ/JMXqzYerXerPef0YKV7+yTP7A+vgGanZMm</latexit>

a

if

Ì
Pn(s) = s(s+R2)

<latexit sha1_base64="SA8WrSctxzp/PPL3LqDju8b+Ivo=">AAACA3icbVC7SgNBFJ2NrxgfWbW0GQxCghB2o6CNELSxjGIekMQwO7mJQ2Znl5m7Qggp/QpbrezE1g+x8F/cjVto4qkO59zLPfd4oRQGHefTyiwtr6yuZddzG5tb23l7Z7dhgkhzqPNABrrlMQNSKKijQAmtUAPzPQlNb3SZ+M0H0EYE6hbHIXR9NlRiIDjDWOrZ+VpPFU3p3BTN0c1dpdSzC07ZmYEuEjclBZKi1rO/Ov2ARz4o5JIZ03adELsTplFwCdNcJzIQMj5iQ2jHVDEfTHcyCz6lh5FhGNAQNBWSzkT4vTFhvjFj34snfYb3Zt5LxP+8doSDs+5EqDBCUDw5hELC7JDhWsSNAO0LDYgsSQ5UKMqZZoigBWWcx2IUV5SL+3Dnv18kjUrZPS471yeF6kXaTJbskwNSJC45JVVyRWqkTjiJyBN5Ji/Wo/VqvVnvP6MZK93ZI39gfXwDQRCWKg==</latexit>

e.g:

g.fiGives positivity constraints on sum of residues

c4 >
R2

M4
c8 + · · ·

<latexit sha1_base64="AFYKxK/J9BtvJi+Pfcv0i6NFlu8=">AAACEXicbVDLSgNBEJz1bXxFPYowGARBCLsa0JMEvXgRVIwKSVx6Ox0dMvtgplcIS05+gl/hVU/exKtf4MF/cRNz8FWnoqqb7qog0cqy6747I6Nj4xOTU9OFmdm5+YXi4tK5jVODVMNYx+YyAEtaRVRjxZouE0MQBpougs5B37+4JWNVHJ1xN6FmCNeRaisEziW/uIp+Za/RNoDZ6dVWLzu6qvTQ391sYCtm6xdLbtkdQP4l3pCUxBDHfvGj0YoxDSli1GBt3XMTbmZgWKGmXqGRWkoAO3BN9ZxGEJJtZoMYPbmeWuBYJmSk0nIg0veNDEJru2GQT4bAN/a31xf/8+opt3ebmYqSlCnC/iFWmgaHLBqV90OypQwxQ/9zkiqSCAaYySgJiLmY5oUV8j683+n/kvOtsrdddk8qper+sJkpsSLWxIbwxI6oikNxLGoCxZ14EI/iybl3np0X5/VrdMQZ7iyLH3DePgE695zP</latexit>

A2!2(s) = c0 + c4
s2

M4
+ c8

s2

M4
+ · · ·

<latexit sha1_base64="4pZFckPI+nczNibIArs6vgYjmFk="></latexit>

and similar for ci>8

X
Resz1,z2,z3

A

Pn
=

A (z1)

(z1 � z2) (z1 � z3)
+

A (z2)

(z2 � z1) (z2 � z3)
+

A (z3)

(z3 � z1) (z3 � z2)
<latexit sha1_base64="kgVw3Z0DoafFO2THNEI+gvkvAs0="></latexit>



g.fi

c4 >
R2

M4
c8 + · · ·

<latexit sha1_base64="AFYKxK/J9BtvJi+Pfcv0i6NFlu8=">AAACEXicbVDLSgNBEJz1bXxFPYowGARBCLsa0JMEvXgRVIwKSVx6Ox0dMvtgplcIS05+gl/hVU/exKtf4MF/cRNz8FWnoqqb7qog0cqy6747I6Nj4xOTU9OFmdm5+YXi4tK5jVODVMNYx+YyAEtaRVRjxZouE0MQBpougs5B37+4JWNVHJ1xN6FmCNeRaisEziW/uIp+Za/RNoDZ6dVWLzu6qvTQ391sYCtm6xdLbtkdQP4l3pCUxBDHfvGj0YoxDSli1GBt3XMTbmZgWKGmXqGRWkoAO3BN9ZxGEJJtZoMYPbmeWuBYJmSk0nIg0veNDEJru2GQT4bAN/a31xf/8+opt3ebmYqSlCnC/iFWmgaHLBqV90OypQwxQ/9zkiqSCAaYySgJiLmY5oUV8j683+n/kvOtsrdddk8qper+sJkpsSLWxIbwxI6oikNxLGoCxZ14EI/iybl3np0X5/VrdMQZ7iyLH3DePgE695zP</latexit>

Killing Softly

R=E2≲M2

First thought: “this is just EFT validity (higher orders smaller)”



g.fi

c4 >
R2

M4
c8 + · · ·

<latexit sha1_base64="AFYKxK/J9BtvJi+Pfcv0i6NFlu8=">AAACEXicbVDLSgNBEJz1bXxFPYowGARBCLsa0JMEvXgRVIwKSVx6Ox0dMvtgplcIS05+gl/hVU/exKtf4MF/cRNz8FWnoqqb7qog0cqy6747I6Nj4xOTU9OFmdm5+YXi4tK5jVODVMNYx+YyAEtaRVRjxZouE0MQBpougs5B37+4JWNVHJ1xN6FmCNeRaisEziW/uIp+Za/RNoDZ6dVWLzu6qvTQ391sYCtm6xdLbtkdQP4l3pCUxBDHfvGj0YoxDSli1GBt3XMTbmZgWKGmXqGRWkoAO3BN9ZxGEJJtZoMYPbmeWuBYJmSk0nIg0veNDEJru2GQT4bAN/a31xf/8+opt3ebmYqSlCnC/iFWmgaHLBqV90OypQwxQ/9zkiqSCAaYySgJiLmY5oUV8j683+n/kvOtsrdddk8qper+sJkpsSLWxIbwxI6oikNxLGoCxZ14EI/iybl3np0X5/VrdMQZ7iyLH3DePgE695zP</latexit>

Killing Softly

R=E2≲M2

First thought: “this is just EFT validity (higher orders smaller)”
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IR dominated by small 
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UV: the true goldstone 
 nature emerges
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c8 =
<latexit sha1_base64="GF5kuqBY95goQQy6anQYh8ImLxM=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIBiTRIETSUQSIPKYmi9WWTnHJ+6G6NiKz8Ai1UdIiW36HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdccGgkj42SZLCTqgRPFdh253epH77AbWRgX9PsxD7Hox9OZICKJXEoHY1KFfsqp2BLxMnJxWWozEof/WGgYg89EkoMKbr2CH1Y9AkhcJ5qRcZDEFMYYzdhPrgoenHWdY5P4kMUMBD1Fwqnon4eyMGz5iZ5yaTHtDELHqp+J/XjWhU68fSDyNCX6SHSCrMDhmhZVIC8qHUSARpcuTS5wI0EKGWHIRIxChppZT04Sx+v0xaZ1XnvGrfXVTq13kzRXbEjtkpc9glq7Nb1mBNJtiEPbFn9mI9Wq/Wm/X+M1qw8p1D9gfWxzch9JJg</latexit>

c4 =
<latexit sha1_base64="SasoyVWi68dLW+LyZG+zRTijHAY=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIhEjRIETSUQSIPKYmi82WTnHJ+6G6NiKz8Ai1UdIiW36HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXd6k/rtB9RGBv49zULse3zsy5EUnFJJDGpXg3LFrtoZ2DJxclKBHI1B+as3DETkoU9CcWO6jh1SP+aapFA4L/UigyEXUz7GbkJ97qHpx1nWOTuJDKeAhaiZVCwT8fdGzD1jZp6bTHqcJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomJSAbSo1EPE2OTPpMcM2JUEvGhUjEKGmllPThLH6/TFpnVee8at/VKvXrvJkiHMExnIIDF1CHW2hAEwRM4Ame4cV6tF6tN+v9Z7Rg5TuH8AfWxzcbtJJc</latexit>

For the red regime to exist: c8
E8

M8
> c4

E4

M4
<latexit sha1_base64="NeNdPh+QzIafYyS2hnKqG7rjWo8=">AAACGnicbZA9SwNBEIb34nf8ilraLAbFKtxpwFQSFMFGUDBGSOIxt5nEJXsf7M4J4cg/8Cf4K2y1shNbGwv/i3cxgia+xfLyzAyz83qRkoZs+8PKTU3PzM7NL+QXl5ZXVgtr61cmjLXAmghVqK89MKhkgDWSpPA60gi+p7Du9Y6zev0OtZFhcEn9CFs+dAPZkQIoRW5hR7gV3uxoEMnJTWWQnKXPoXDLP6icofLALRTtkj0UnzTOyBTZSOdu4bPZDkXsY0BCgTENx46olYAmKRQO8s3YYASiB11spDYAH00rGd4z4NuxAQp5hJpLxYcQf08k4BvT97200we6NeO1DP5Xa8TUqbQSGUQxYSCyRSQVDhcZoWUaFPK21EgE2c+Ry4AL0ECEWnIQIoVxmlw+zcMZv37SXO2VnP2SfVEuVo9GycyzTbbFdpnDDliVnbJzVmOC3bNH9sSerQfrxXq13r5bc9ZoZoP9kfX+BcLsoEA=</latexit>



g.fi
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M4
c8 + · · ·

<latexit sha1_base64="AFYKxK/J9BtvJi+Pfcv0i6NFlu8=">AAACEXicbVDLSgNBEJz1bXxFPYowGARBCLsa0JMEvXgRVIwKSVx6Ox0dMvtgplcIS05+gl/hVU/exKtf4MF/cRNz8FWnoqqb7qog0cqy6747I6Nj4xOTU9OFmdm5+YXi4tK5jVODVMNYx+YyAEtaRVRjxZouE0MQBpougs5B37+4JWNVHJ1xN6FmCNeRaisEziW/uIp+Za/RNoDZ6dVWLzu6qvTQ391sYCtm6xdLbtkdQP4l3pCUxBDHfvGj0YoxDSli1GBt3XMTbmZgWKGmXqGRWkoAO3BN9ZxGEJJtZoMYPbmeWuBYJmSk0nIg0veNDEJru2GQT4bAN/a31xf/8+opt3ebmYqSlCnC/iFWmgaHLBqV90OypQwxQ/9zkiqSCAaYySgJiLmY5oUV8j683+n/kvOtsrdddk8qper+sJkpsSLWxIbwxI6oikNxLGoCxZ14EI/iybl3np0X5/VrdMQZ7iyLH3DePgE695zP</latexit>

Killing Softly

R=E2≲M2

First thought: “this is just EFT validity (higher orders smaller)”

This is forbidden: the “small” perturbation is always 
bigger than the “large” effect! 
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Yet, EFT symmetries and positivity bounds allow for

IR dominated by small 
“relevant” E4 perturbation

UV: the true goldstone 
 nature emerges
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c8 =
<latexit sha1_base64="GF5kuqBY95goQQy6anQYh8ImLxM=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIBiTRIETSUQSIPKYmi9WWTnHJ+6G6NiKz8Ai1UdIiW36HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdccGgkj42SZLCTqgRPFdh253epH77AbWRgX9PsxD7Hox9OZICKJXEoHY1KFfsqp2BLxMnJxWWozEof/WGgYg89EkoMKbr2CH1Y9AkhcJ5qRcZDEFMYYzdhPrgoenHWdY5P4kMUMBD1Fwqnon4eyMGz5iZ5yaTHtDELHqp+J/XjWhU68fSDyNCX6SHSCrMDhmhZVIC8qHUSARpcuTS5wI0EKGWHIRIxChppZT04Sx+v0xaZ1XnvGrfXVTq13kzRXbEjtkpc9glq7Nb1mBNJtiEPbFn9mI9Wq/Wm/X+M1qw8p1D9gfWxzch9JJg</latexit>

c4 =
<latexit sha1_base64="SasoyVWi68dLW+LyZG+zRTijHAY=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIhEjRIETSUQSIPKYmi82WTnHJ+6G6NiKz8Ai1UdIiW36HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXd6k/rtB9RGBv49zULse3zsy5EUnFJJDGpXg3LFrtoZ2DJxclKBHI1B+as3DETkoU9CcWO6jh1SP+aapFA4L/UigyEXUz7GbkJ97qHpx1nWOTuJDKeAhaiZVCwT8fdGzD1jZp6bTHqcJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomJSAbSo1EPE2OTPpMcM2JUEvGhUjEKGmllPThLH6/TFpnVee8at/VKvXrvJkiHMExnIIDF1CHW2hAEwRM4Ame4cV6tF6tN+v9Z7Rg5TuH8AfWxzcbtJJc</latexit>

For the red regime to exist: c8
E8

M8
> c4

E4

M4
<latexit sha1_base64="NeNdPh+QzIafYyS2hnKqG7rjWo8=">AAACGnicbZA9SwNBEIb34nf8ilraLAbFKtxpwFQSFMFGUDBGSOIxt5nEJXsf7M4J4cg/8Cf4K2y1shNbGwv/i3cxgia+xfLyzAyz83qRkoZs+8PKTU3PzM7NL+QXl5ZXVgtr61cmjLXAmghVqK89MKhkgDWSpPA60gi+p7Du9Y6zev0OtZFhcEn9CFs+dAPZkQIoRW5hR7gV3uxoEMnJTWWQnKXPoXDLP6icofLALRTtkj0UnzTOyBTZSOdu4bPZDkXsY0BCgTENx46olYAmKRQO8s3YYASiB11spDYAH00rGd4z4NuxAQp5hJpLxYcQf08k4BvT97200we6NeO1DP5Xa8TUqbQSGUQxYSCyRSQVDhcZoWUaFPK21EgE2c+Ry4AL0ECEWnIQIoVxmlw+zcMZv37SXO2VnP2SfVEuVo9GycyzTbbFdpnDDliVnbJzVmOC3bNH9sSerQfrxXq13r5bc9ZoZoP9kfX+BcLsoEA=</latexit>



Killing Softly

Exemple: Extended Shift Symmetries
Hinbterbichler,Joyce’14

� 7�! �+ c(0) + c(1)µ xµ + c(2)µ⌫ x
µx⌫ + · · ·+ c(N)

µ1···µNxµ1 · · ·xµN

<latexit sha1_base64="eNewsXx0qFMSRicUSqpLSh28vZ0="></latexit>

� 7�! �+ c(0) + c(1)µ xµ + c(2)µ⌫ x
µx⌫ + · · ·+ c(N)

µ1···µNxµ1 · · ·xµN

<latexit sha1_base64="eNewsXx0qFMSRicUSqpLSh28vZ0="></latexit>

N=3:

and interactions with more legs but similar structure.

The exact symmetric limit is manifestly incompatible with standard positivity arguments
Eq. (??), as extended Galileon amplitudes are softer than s

2 and have vanishing residues (a problem
already a↵ecting N = 1 Galileon interactions). Nevertheless, an arbitrarily small mass m� 6= 0
term (associated with the most relevant operator m

2
��

2), can su�ce to generate non-vanishing
residues.

The quartic-interactions Eq. (3.3) contribute to the amplitude for 2 ! 2 scattering as (check
sign and factor of 2 in front; normalise so that also our interaction gives this...)

A
(N ) = �

(N)
3 m

4(N�1)
� stu (4.4)

which always vanishes in the forward limit. Similarly, interactions with more than 4 legs do not
contribute to the 2 ! 2 amplitude. These cases can be studied via their contribution to the total
cross section (which includes t 6= 0 and 2 ! n processes) and the r.h.s. of the dispersive integral
Eq. (??), as discussed in Ref. [4]. In this work we focus instead on contributions to the l.h.s.

For N odd, forward t = 0, 2 ! 2 amplitudes from the three-point vertices Eq. (3.2) read at
s � m

2
� (check sign and factor of 2 in front)

A
(3) = (�(3)

3 )2
9m10

�

8

�
3m8

� + 4m6
�s+ 47m4

�s
2
� 24m2

�s
3 + 3s4

�
(4.5)

A
(5) = (�(5)

3 )2
9m18

�

8

�
3m12

� + 4m10
� s+ 687m8

�s
2
� 792m6

�s
3 + 379m4

�s
4
� 84m2

�s
5 + 7s6

�
(4.6)

A
(7) = (�(7)

3 )2
9m26

�

8

�
3m16

� + 4m14
� s+ 10927m12

� s
2
� 18200m10

� s
3 + 13051m8

�s
4

�5204m6
�s

5 + 1255m4
�s

6
� 176m2

�s
7 + 11s8

�
. (4.7)

The coe�cients of even powers of s are all positive, in agreement with the positivity of amplitude
residues. Then Eq. (2.9) (I assume in what follows that it has been possible to generalize Eq. (2.9) to
arbitrary n ) implies

N = 3 Emax <

✓
47

3

◆1/4

m� ⇡ 2m�

N = 5 Emax <

✓
687

379

◆1/4

m� ⇡ 1.2m�

N = 7 Emax <

✓
10927

13051

◆1/4

m� ⇡ 0.95m�

(4.8)

In any case the leading tree-level amplitude will have a schematic A ⇠ cms
m form in the exact

symmetric limit, where m is determined by the most relevant WZW interaction term. We already
know that this is not compatible with positivity, which requires the coe�cient c2 of the s2 term to
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N=3:

and interactions with more legs but similar structure.

The exact symmetric limit is manifestly incompatible with standard positivity arguments
Eq. (??), as extended Galileon amplitudes are softer than s

2 and have vanishing residues (a problem
already a↵ecting N = 1 Galileon interactions). Nevertheless, an arbitrarily small mass m� 6= 0
term (associated with the most relevant operator m
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2), can su�ce to generate non-vanishing
residues.

The quartic-interactions Eq. (3.3) contribute to the amplitude for 2 ! 2 scattering as (check
sign and factor of 2 in front; normalise so that also our interaction gives this...)
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The coe�cients of even powers of s are all positive, in agreement with the positivity of amplitude
residues. Then Eq. (2.9) (I assume in what follows that it has been possible to generalize Eq. (2.9) to
arbitrary n ) implies

N = 3 Emax <

✓
47

3

◆1/4

m� ⇡ 2m�

N = 5 Emax <

✓
687

379

◆1/4

m� ⇡ 1.2m�

N = 7 Emax <

✓
10927

13051

◆1/4

m� ⇡ 0.95m�

(4.8)

In any case the leading tree-level amplitude will have a schematic A ⇠ cms
m form in the exact

symmetric limit, where m is determined by the most relevant WZW interaction term. We already
know that this is not compatible with positivity, which requires the coe�cient c2 of the s2 term to
be strictly positive (and hence non-vanishing); nevertheless we could envisage a small perturbation

�(@�)4 (4.9)

17

perturbed by small mass            (cutoff)m� ⌧ M
<latexit sha1_base64="uhjXrSsI9+N24GLyNgiDRHZ25kU=">AAAB/XicbVDLSsNAFJ34rPVVdelmsAiuSqKCLotu3AgV7AOSUCbT23boTBJmboQSil/hVlfuxK3f4sJ/MYlZaOtZHc65l3vuCWIpDNr2p7W0vLK6tl7ZqG5ube/s1vb2OyZKNIc2j2SkewEzIEUIbRQooRdrYCqQ0A0m17nffQBtRBTe4zQGX7FRKIaCM8wkV/W9eCw8Keltv1a3G3YBukicktRJiVa/9uUNIp4oCJFLZozr2DH6KdMouIRZ1UsMxIxP2AjcjIZMgfHTIvKMHieGYURj0FRIWojweyNlypipCrJJxXBs5r1c/M9zExxe+qkI4wQh5PkhFBKKQ4ZrkXUBdCA0ILI8OVARUs40QwQtKOM8E5OsnGrWhzP//SLpnDacs4Z9d15vXpXNVMghOSInxCEXpEluSIu0CScReSLP5MV6tF6tN+v9Z3TJKncOyB9YH9+fjJV5</latexit>

Positive coefficients 
(compatible with positivity using Pn(s)=sn)

c4
<latexit sha1_base64="E75Ucg8p8cQG9SWR5fMyUkMZ9Yg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtBlwI8uN6MUjRnkkQMjs0OCE2UdmejVkwyd41ZM349Xv8eC/uIuYqNE6Vaq609XlRUoaZOzNyi0tr6yu5dcLG5tb2zvF3b2WCWMtoClCFeqOxw0oGUATJSroRBq47yloe5PzzG/fgjYyDK5xGkHf5+NAjqTgmEpXYuAMiiVm1yq1yqlDme24To1VU8LcSrXm0rLN5iiRBRqD4ntvGIrYhwCF4sZ0yyzCfsI1SqFgVujFBiIuJnwM3ZQG3AfTT+ZRZ/QoNhxDGoGmUtG5CN83Eu4bM/W9dNLneGN+e5n4l9eNceT2ExlEMUIgskMoFcwPGaFl2gHQodSAyLPkQGVABdccEbSkXIhUjNNSCmkfX0/T/0mrYpdPbHbplOpni2by5IAckmNSJlVSJxekQZpEkDG5Jw/k0bqznqxn6+VzNGctdvbJD1ivHyilknc=</latexit>

c8
<latexit sha1_base64="epNAm5UPGdgy14dqhnGmql/NrhY=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtBlwI8uN6MUjRnkkQMjs0OCE2UdmejVkwyd41ZM349Xv8eC/uIuYqNE6Vaq609XlRUoaZOzNyi0tr6yu5dcLG5tb2zvF3b2WCWMtoClCFeqOxw0oGUATJSroRBq47yloe5PzzG/fgjYyDK5xGkHf5+NAjqTgmEpXYuAOiiVm1yq1yqlDme24To1VU8LcSrXm0rLN5iiRBRqD4ntvGIrYhwCF4sZ0yyzCfsI1SqFgVujFBiIuJnwM3ZQG3AfTT+ZRZ/QoNhxDGoGmUtG5CN83Eu4bM/W9dNLneGN+e5n4l9eNceT2ExlEMUIgskMoFcwPGaFl2gHQodSAyLPkQGVABdccEbSkXIhUjNNSCmkfX0/T/0mrYpdPbHbplOpni2by5IAckmNSJlVSJxekQZpEkDG5Jw/k0bqznqxn6+VzNGctdvbJD1ivHy7hkns=</latexit>

and interactions with more legs but similar structure.

The exact symmetric limit is manifestly incompatible with standard positivity arguments
Eq. (??), as extended Galileon amplitudes are softer than s

2 and have vanishing residues (a problem
already a↵ecting N = 1 Galileon interactions). Nevertheless, an arbitrarily small mass m� 6= 0
term (associated with the most relevant operator m

2
��

2), can su�ce to generate non-vanishing
residues.

The quartic-interactions Eq. (3.3) contribute to the amplitude for 2 ! 2 scattering as (check
sign and factor of 2 in front; normalise so that also our interaction gives this...)

A
(N ) = �

(N)
3 m

4(N�1)
� stu (4.4)

which always vanishes in the forward limit. Similarly, interactions with more than 4 legs do not
contribute to the 2 ! 2 amplitude. These cases can be studied via their contribution to the total
cross section (which includes t 6= 0 and 2 ! n processes) and the r.h.s. of the dispersive integral
Eq. (??), as discussed in Ref. [4]. In this work we focus instead on contributions to the l.h.s.

For N odd, forward t = 0, 2 ! 2 amplitudes from the three-point vertices Eq. (3.2) read at
s � m

2
� (check sign and factor of 2 in front)

A
(3) = (�(3)

3 )2
9m10

�

8

�
3m8

� + 4m6
�s+ 47m4

�s
2
� 24m2

�s
3 + 3s4

�
(4.5)

A
(5) = (�(5)

3 )2
9m18

�

8

�
3m12

� + 4m10
� s+ 687m8

�s
2
� 792m6

�s
3 + 379m4

�s
4
� 84m2

�s
5 + 7s6

�
(4.6)

A
(7) = (�(7)

3 )2
9m26

�

8

�
3m16

� + 4m14
� s+ 10927m12

� s
2
� 18200m10

� s
3 + 13051m8

�s
4

�5204m6
�s

5 + 1255m4
�s

6
� 176m2

�s
7 + 11s8

�
. (4.7)

The coe�cients of even powers of s are all positive, in agreement with the positivity of amplitude
residues. Then Eq. (2.9) (I assume in what follows that it has been possible to generalize Eq. (2.9) to
arbitrary n ) implies

N = 3 Emax <

✓
47

3

◆1/4

m� ⇡ 2m�

N = 5 Emax <

✓
687

379

◆1/4

m� ⇡ 1.2m�

N = 7 Emax <

✓
10927

13051

◆1/4

m� ⇡ 0.95m�

(4.8)

In any case the leading tree-level amplitude will have a schematic A ⇠ cms
m form in the exact

symmetric limit, where m is determined by the most relevant WZW interaction term. We already
know that this is not compatible with positivity, which requires the coe�cient c2 of the s2 term to
be strictly positive (and hence non-vanishing); nevertheless we could envisage a small perturbation

�(@�)4 (4.9)

17

c4 >
E4

max

M4
c8

<latexit sha1_base64="DN5F3h/fgyWBD4pXGBVJ15xal6o="></latexit>

and interactions with more legs but similar structure.

The exact symmetric limit is manifestly incompatible with standard positivity arguments
Eq. (??), as extended Galileon amplitudes are softer than s

2 and have vanishing residues (a problem
already a↵ecting N = 1 Galileon interactions). Nevertheless, an arbitrarily small mass m� 6= 0
term (associated with the most relevant operator m

2
��

2), can su�ce to generate non-vanishing
residues.

The quartic-interactions Eq. (3.3) contribute to the amplitude for 2 ! 2 scattering as (check
sign and factor of 2 in front; normalise so that also our interaction gives this...)

A
(N ) = �

(N)
3 m

4(N�1)
� stu (4.4)

which always vanishes in the forward limit. Similarly, interactions with more than 4 legs do not
contribute to the 2 ! 2 amplitude. These cases can be studied via their contribution to the total
cross section (which includes t 6= 0 and 2 ! n processes) and the r.h.s. of the dispersive integral
Eq. (??), as discussed in Ref. [4]. In this work we focus instead on contributions to the l.h.s.

For N odd, forward t = 0, 2 ! 2 amplitudes from the three-point vertices Eq. (3.2) read at
s � m

2
� (check sign and factor of 2 in front)

A
(3) = (�(3)

3 )2
9m10

�

8

�
3m8

� + 4m6
�s+ 47m4

�s
2
� 24m2

�s
3 + 3s4

�
(4.5)

A
(5) = (�(5)

3 )2
9m18

�

8

�
3m12

� + 4m10
� s+ 687m8

�s
2
� 792m6

�s
3 + 379m4

�s
4
� 84m2

�s
5 + 7s6

�
(4.6)

A
(7) = (�(7)

3 )2
9m26

�

8

�
3m16

� + 4m14
� s+ 10927m12

� s
2
� 18200m10

� s
3 + 13051m8

�s
4

�5204m6
�s

5 + 1255m4
�s

6
� 176m2

�s
7 + 11s8

�
. (4.7)

The coe�cients of even powers of s are all positive, in agreement with the positivity of amplitude
residues. Then Eq. (2.9) (I assume in what follows that it has been possible to generalize Eq. (2.9) to
arbitrary n ) implies

N = 3 Emax <

✓
47

3

◆1/4

m� ⇡ 2m�

N = 5 Emax <

✓
687

379

◆1/4

m� ⇡ 1.2m�

N = 7 Emax <

✓
10927

13051

◆1/4

m� ⇡ 0.95m�

(4.8)

In any case the leading tree-level amplitude will have a schematic A ⇠ cms
m form in the exact

symmetric limit, where m is determined by the most relevant WZW interaction term. We already
know that this is not compatible with positivity, which requires the coe�cient c2 of the s2 term to
be strictly positive (and hence non-vanishing); nevertheless we could envisage a small perturbation

�(@�)4 (4.9)

17

EFT regime shrinks to zero

…still, terms (stu)n vanish at t=0 and elude positivity…
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Non-analyticity within EFT (calculable) regime

m=0 limit: upper and lower plane disconnected

IR regulator or study a different object…
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A(�s� i✏)
<latexit sha1_base64="1U2FvUi2pCXiiWbwuN1Ol0wSQqA=">AAACDXicdVDLSgNBEJz1bXxFPYmXwSDEg2E3hsTcfFw8KhgNJCH0jq0OmZ1dZnqFsAQ/wa/wqidv4tVv8OC/uBsjqGidiqpuurr8SElLrvvmjI1PTE5Nz8zm5uYXFpfyyytnNoyNwIYIVWiaPlhUUmODJClsRgYh8BWe+73DzD+/QWNlqE+pH2EngCstL6UASqVufq0dAF0LUMn+oLhtt2UbIytVqLe6+YJbct1KtV7lGSnveuUhceu1OvcykqLARjju5t/bF6GIA9QkFFjb8tyIOgkYkkLhINeOLUYgenCFrZRqCNB2kuELA74ZW6CQR2i4VHwo4veNBAJr+4GfTmaB7W8vE//yWjFd7nYSqaOYUIvsEEmFw0NWGJl2g/xCGiSCLDlyqbkAA0RoJAchUjFOy8qlfXw9zf8nZ+WSt1NyTyqFvYNRMzNsnW2wIvNYje2xI3bMGkywW3bPHtijc+c8Oc/Oy+fomDPaWWU/4Lx+AAxxm7c=</latexit>

A⇤(�s+ i✏)
<latexit sha1_base64="OD7qqUHOZLAznR1pfI37NtVjAeQ="></latexit>

Z 1

R
A(s) +

Z �R

�1
A⇤(�s) =

Z 1

R
2iImA(s)

<latexit sha1_base64="uPEfp4f/A6lzH67slcRhM/Sgmz0="></latexit>

A(n,R) =

Z A
Pn

ds
<latexit sha1_base64="cGeOtrEDSwVDAxnLKIxH6LkTSt4=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZBAQpENSNAgEWgoAyKAFEfR+rKBU85n626NhCz/AJ/AV9BCRYdo6Sj4F+yQgtdUo5ld7ewEsZKWXPfdGRkdG5+YLE2Vp2dm5+YrC4vnNkqMwKaIVGQuA7CopMYmSVJ4GRuEMFB4EfSPCv/iBo2VkT6j2xjbIVxp2ZMCKJc6ldX6ut483dj3pSa/Z0Ckfgh0LUCl9SxLGx2ddW2nUnVr7gD8L/GGpMqGaHQqH343EkmImoQCa1ueG1M7BUNSKMzKfmIxBtGHK2zlVEOItp0Ovsn4WmKBIh6j4VLxgYjfN1IIrb0Ng3yyiGp/e4X4n9dKqLfXTqWOE0ItikMkFQ4OWWFkXhPyrjRIBEVy5FJzAQaI0EgOQuRikvdWzvvwfn//l5xv1bztmnuyUz04HDZTYstsha0zj+2yA3bMGqzJBLtjD+yRPTn3zrPz4rx+jY44w50l9gPO2yeIVKBH</latexit>

arch
<latexit sha1_base64="luvuswFgaXsJ/SZunDN7ZYG1lH4=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH6sklOOT90t0ZEVn6BFio6RMvvUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP2ibMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTW8yv/OA2sgwuKdZhK4P40COpADKJNBiMqjW7Lqdgy8TpyA1VqA5qH71h6GIfQxIKDCm59gRuQlokkLhvNKPDUYgpjDGXkoD8NG4SZ51zk9iAxTyCDWXiuci/t5IwDdm5nvppA80MYteJv7n9WIaXbmJDKKYMBDZIZIK80NGaJmWgHwoNRJBlhy5DLgADUSoJQchUjFOW6mkfTiL3y+T9lndOa/bdxe1xnXRTJkdsWN2yhx2yRrsljVZiwk2YU/smb1Yj9ar9Wa9/4yWrGLnkP2B9fENwsiSxw==</latexit>

a

ti ti
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Positive Arches

4m2
<latexit sha1_base64="ynleKzm9zp7vFpvKU4HvXdOdXnM=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJKrJNlEcXQUMZJPKQEhOdL5vklPNDd2tEZOUXaKGiQ7T8DgX/gm2CBAimGs3samfHDaXQaJpvRm5ldW19I79Z2Nre2d0r7h90dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC151dpH73FpQWgX+N8xAcj018MRacYSpVvBt7WCyZZdOsVBtVmhK7btkZMRu1BrVSkqBElmgNi++DUcAjD3zkkmndt8wQnZgpFFzCojCINISMz9gE+gn1mQfaibOsC3oSaYYBDUFRIWkmwveNmHlazz03mfQYTvVvLxX/8voRjutOLPwwQvB5egiFhOyQ5kokJQAdCQWILE0OVPiUM8UQQQnKOE/EKGmlkPTx9TT9n3TssnVWNq8qpeb5spk8OSLH5JRYpEaa5JK0SJtwMiX35IE8GnfGk/FsvHyO5ozlziH5AeP1A3Xlkpk=</latexit>

Non-analyticity within EFT (calculable) regime

m=0 limit: upper and lower plane disconnected

IR regulator or study a different object…

EFT

In Progress

Bellazzini,Elias-Miro,Rattazzi,Riembau,FR



=<latexit sha1_base64="ayUhKH8ABY4An0AQBzCn+pdUyXo=">AAAB83icdVDLSgNBEJz1GeMr6tHLYBA8hdkY8jgIQS8eEzAPSJYwO+nEIbMPZnqFsOQLvOrJm3j1gzz4L+6uEVS0TkVVN11dbqikQcberJXVtfWNzdxWfntnd2+/cHDYNUGkBXREoALdd7kBJX3ooEQF/VAD91wFPXd2lfq9O9BGBv4NzkNwPD715UQKjonUvhgViqzEWKXaqNKUlOt2OSOsUWtQOyUJimSJ1qjwPhwHIvLAR6G4MQObhejEXKMUChb5YWQg5GLGpzBIqM89ME6cBV3Q08hwDGgImkpFMxG+b8TcM2buucmkx/HW/PZS8S9vEOGk7sTSDyMEX6SHUCrIDhmhZdIA0LHUgMjT5EClTwXXHBG0pFyIRIySSvJJH19P0/9Jt1yyz0usXSk2L5fN5MgxOSFnxCY10iTXpEU6RBAg9+SBPFqR9WQ9Wy+foyvWcueI/ID1+gGI1JGH</latexit>

Vanishes with Pn(s)≥s3

Positive
s�(s)

<latexit sha1_base64="Lm4J5cFkb8W0IEFo/wJU3vAYmnA=">AAAB/HicdVA9SwNBEN2LXzF+RS1tFoOgTbiLITGdaGMZwRgxOcLcOomLe3vH7pwgQX+FrVZ2Yut/sfC/eHdGUNFXPd6bYd68IFbSkuu+OYWp6ZnZueJ8aWFxaXmlvLp2aqPECOyISEXmLACLSmrskCSFZ7FBCAOF3eDqMPO712isjPQJ3cTohzDScigFUCqd276VoxC27c6gXHGrrltvtBo8I7U9r5YTt9VscS8jKSpsgvag/N6/iEQSoiahwNqe58bkj8GQFApvS/3EYgziCkbYS6mGEK0/zhPf8q3EAkU8RsOl4rmI3zfGEFp7EwbpZAh0aX97mfiX10touOePpY4TQi2yQyQV5oesMDKtAvmFNEgEWXLkUnMBBojQSA5CpGKSdlNK+/h6mv9PTmtVb7fqHtcr+weTZopsg22ybeaxJttnR6zNOkwwze7ZA3t07pwn59l5+RwtOJOddfYDzusHNZiVSA==</latexit>

R
<latexit sha1_base64="CrPHVUzayCVoZPfSOU+rjITFVkY=">AAAB83icdVDLSgNBEJz1GeMr6tHLYBA8hdkY8rgFvXhMxDwgWcLspBOHzD6Y6RXCki/wqidv4tUP8uC/uLtGUNE6FVXddHW5oZIGGXuzVlbX1jc2c1v57Z3dvf3CwWHXBJEW0BGBCnTf5QaU9KGDEhX0Qw3ccxX03Nll6vfuQBsZ+Dc4D8Hx+NSXEyk4JlL7elQoshJjlWqjSlNSrtvljLBGrUHtlCQokiVao8L7cByIyAMfheLGDGwWohNzjVIoWOSHkYGQixmfwiChPvfAOHEWdEFPI8MxoCFoKhXNRPi+EXPPmLnnJpMex1vz20vFv7xBhJO6E0s/jBB8kR5CqSA7ZISWSQNAx1IDIk+TA5U+FVxzRNCSciESMUoqySd9fD1N/yfdcsk+L7F2pdi8WDaTI8fkhJwRm9RIk1yRFukQQYDckwfyaEXWk/VsvXyOrljLnSPyA9brB6mPkZw=</latexit>
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ti ti
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g E8
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4

M E

mmm=<latexit sha1_base64="ayUhKH8ABY4An0AQBzCn+pdUyXo=">AAAB83icdVDLSgNBEJz1GeMr6tHLYBA8hdkY8jgIQS8eEzAPSJYwO+nEIbMPZnqFsOQLvOrJm3j1gzz4L+6uEVS0TkVVN11dbqikQcberJXVtfWNzdxWfntnd2+/cHDYNUGkBXREoALdd7kBJX3ooEQF/VAD91wFPXd2lfq9O9BGBv4NzkNwPD715UQKjonUvhgViqzEWKXaqNKUlOt2OSOsUWtQOyUJimSJ1qjwPhwHIvLAR6G4MQObhejEXKMUChb5YWQg5GLGpzBIqM89ME6cBV3Q08hwDGgImkpFMxG+b8TcM2buucmkx/HW/PZS8S9vEOGk7sTSDyMEX6SHUCrIDhmhZdIA0LHUgMjT5EClTwXXHBG0pFyIRIySSvJJH19P0/9Jt1yyz0usXSk2L5fN5MgxOSFnxCY10iTXpEU6RBAg9+SBPFqR9WQ9Wy+foyvWcueI/ID1+gGI1JGH</latexit>

A(s+ i✏)
<latexit sha1_base64="Mf8JeLLkQ7WussH0m1JKYwBQZ8E=">AAACDHicdVDLSgNBEJz1bXxFvQheBoOgCGE3hsTcfFw8KpgYSELoHVsdMju7zPQKYYmf4Fd41ZM38eo/ePBf3I0RVLRORVU3XV1+pKQl131zxsYnJqemZ2Zzc/MLi0v55ZWGDWMjsC5CFZqmDxaV1FgnSQqbkUEIfIXnfu8o889v0FgZ6jPqR9gJ4ErLSymAUqmbX2sHQNcCVHIw2LI7so2RlSrU2918wS26brlSq/CMlPa80pC4tWqNexlJUWAjnHTz7+2LUMQBahIKrG15bkSdBAxJoXCQa8cWIxA9uMJWSjUEaDvJ8IMB34wtUMgjNFwqPhTx+0YCgbX9wE8ns7z2t5eJf3mtmC73OonUUUyoRXaIpMLhISuMTKtBfiENEkGWHLnUXIABIjSSgxCpGKdd5dI+vp7m/5NGqejtFt3TcmH/cNTMDFtnG2yLeazK9tkxO2F1Jtgtu2cP7NG5c56cZ+flc3TMGe2ssh9wXj8Alx6bfg==</latexit>

A(�s� i✏)
<latexit sha1_base64="1U2FvUi2pCXiiWbwuN1Ol0wSQqA=">AAACDXicdVDLSgNBEJz1bXxFPYmXwSDEg2E3hsTcfFw8KhgNJCH0jq0OmZ1dZnqFsAQ/wa/wqidv4tVv8OC/uBsjqGidiqpuurr8SElLrvvmjI1PTE5Nz8zm5uYXFpfyyytnNoyNwIYIVWiaPlhUUmODJClsRgYh8BWe+73DzD+/QWNlqE+pH2EngCstL6UASqVufq0dAF0LUMn+oLhtt2UbIytVqLe6+YJbct1KtV7lGSnveuUhceu1OvcykqLARjju5t/bF6GIA9QkFFjb8tyIOgkYkkLhINeOLUYgenCFrZRqCNB2kuELA74ZW6CQR2i4VHwo4veNBAJr+4GfTmaB7W8vE//yWjFd7nYSqaOYUIvsEEmFw0NWGJl2g/xCGiSCLDlyqbkAA0RoJAchUjFOy8qlfXw9zf8nZ+WSt1NyTyqFvYNRMzNsnW2wIvNYje2xI3bMGkywW3bPHtijc+c8Oc/Oy+fomDPaWWU/4Lx+AAxxm7c=</latexit>

A⇤(�s+ i✏)
<latexit sha1_base64="OD7qqUHOZLAznR1pfI37NtVjAeQ="></latexit>

Z 1

R
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A⇤(�s) =
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<latexit sha1_base64="uPEfp4f/A6lzH67slcRhM/Sgmz0="></latexit>

A(n,R) =

Z A
Pn

ds
<latexit sha1_base64="cGeOtrEDSwVDAxnLKIxH6LkTSt4=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EZBAQpENSNAgEWgoAyKAFEfR+rKBU85n626NhCz/AJ/AV9BCRYdo6Sj4F+yQgtdUo5ld7ewEsZKWXPfdGRkdG5+YLE2Vp2dm5+YrC4vnNkqMwKaIVGQuA7CopMYmSVJ4GRuEMFB4EfSPCv/iBo2VkT6j2xjbIVxp2ZMCKJc6ldX6ut483dj3pSa/Z0Ckfgh0LUCl9SxLGx2ddW2nUnVr7gD8L/GGpMqGaHQqH343EkmImoQCa1ueG1M7BUNSKMzKfmIxBtGHK2zlVEOItp0Ovsn4WmKBIh6j4VLxgYjfN1IIrb0Ng3yyiGp/e4X4n9dKqLfXTqWOE0ItikMkFQ4OWWFkXhPyrjRIBEVy5FJzAQaI0EgOQuRikvdWzvvwfn//l5xv1bztmnuyUz04HDZTYstsha0zj+2yA3bMGqzJBLtjD+yRPTn3zrPz4rx+jY44w50l9gPO2yeIVKBH</latexit>

arch
<latexit sha1_base64="luvuswFgaXsJ/SZunDN7ZYG1lH4=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH6sklOOT90t0ZEVn6BFio6RMvvUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP2ibMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTW8yv/OA2sgwuKdZhK4P40COpADKJNBiMqjW7Lqdgy8TpyA1VqA5qH71h6GIfQxIKDCm59gRuQlokkLhvNKPDUYgpjDGXkoD8NG4SZ51zk9iAxTyCDWXiuci/t5IwDdm5nvppA80MYteJv7n9WIaXbmJDKKYMBDZIZIK80NGaJmWgHwoNRJBlhy5DLgADUSoJQchUjFOW6mkfTiL3y+T9lndOa/bdxe1xnXRTJkdsWN2yhx2yRrsljVZiwk2YU/smb1Yj9ar9Wa9/4yWrGLnkP2B9fENwsiSxw==</latexit>

a

ti ti
5

di

g E8

Area
4

M E
Positive Arches

4m2
<latexit sha1_base64="ynleKzm9zp7vFpvKU4HvXdOdXnM=">AAAB9nicdVC7TsNAEDyHVwivACXNiQiJKrJNlEcXQUMZJPKQEhOdL5vklPNDd2tEZOUXaKGiQ7T8DgX/gm2CBAimGs3samfHDaXQaJpvRm5ldW19I79Z2Nre2d0r7h90dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC151dpH73FpQWgX+N8xAcj018MRacYSpVvBt7WCyZZdOsVBtVmhK7btkZMRu1BrVSkqBElmgNi++DUcAjD3zkkmndt8wQnZgpFFzCojCINISMz9gE+gn1mQfaibOsC3oSaYYBDUFRIWkmwveNmHlazz03mfQYTvVvLxX/8voRjutOLPwwQvB5egiFhOyQ5kokJQAdCQWILE0OVPiUM8UQQQnKOE/EKGmlkPTx9TT9n3TssnVWNq8qpeb5spk8OSLH5JRYpEaa5JK0SJtwMiX35IE8GnfGk/FsvHyO5ozlziH5AeP1A3Xlkpk=</latexit>

Non-analyticity within EFT (calculable) regime

m=0 limit: upper and lower plane disconnected

IR regulator or study a different object…

EFT

Polynomial Pn(s) must satisfy
1

Pn(s)
+

1

Pn(�s)
= 0

<latexit sha1_base64="Ch2sjn/c21Pf2oTScvd0cNZFA8c=">AAACGHicbZC/SgNBEMb34r8Y/0UtbRajoIjhTgVthKCNZQQThSSEuc0kLtnbO3bnhHDcC/gIPoWtVnZia2fhu3iJKdQ41cfvm2FmPj9S0pLrfji5qemZ2bn8fGFhcWl5pbi6VrdhbATWRKhCc+ODRSU11kiSwpvIIAS+wmu/fz70r+/QWBnqKxpE2Aqgp2VXCqAMtYtbza4BkXhpUm3rHbub7v0C+xk5ddvFklt2R8UnhTcWJTauarv42eyEIg5Qk1BgbcNzI2olYEgKhWmhGVuMQPShh41MagjQtpLRNynfji1QyCM0XCo+gvhzIoHA2kHgZ50B0K396w3hf14jpu5JK5E6igm1GC4iqXC0yAojs5iQd6RBIhhejlxqLsAAERrJQYgMxlluhSwP7+/3k6J+UPYOy+7lUalyNk4mzzbYJtthHjtmFXbBqqzGBLtnj+yJPTsPzovz6rx9t+ac8cw6+1XO+xcYRp9T</latexit>

Pn(s) = s(s2 � z2) · · ·
<latexit sha1_base64="qy58HsFya7sTlqK9R4Xj+f0PfIM=">AAACC3icbVC7SgNBFJ31GeMramFhMxiEpDDsRkEbIWhjGcE8IC9mJzc6ZHZ2mXtXiCGf4FfYamUntn6Ehf/iJqbQ6KkO59zLvef4kVZIrvvhzM0vLC4tp1bSq2vrG5uZre0qhrGVUJGhDm3dFwhaGaiQIg31yIIIfA01v38x9mt3YFGF5poGEbQCcWNUT0lBidTJ7JY7Jof5M8xhu3h43y7mm7IbEnYyWbfgTsD/Em9KsmyKcifz2eyGMg7AkNQCseG5EbWGwpKSGkbpZowQCdkXN9BIqBEBYGs4CTDiBzEKCnkElivNJyL83BiKAHEQ+MlkIOgWZ72x+J/XiKl32hoqE8UERo4PkdIwOYTSqqQZ4F1lgUiMPweuDJfCCiKwigspEzFOqkonfXiz6f+SarHgHRXcq+Ns6XzaTIrtsX2WYx47YSV2ycqswiQbsUf2xJ6dB+fFeXXevkfnnOnODvsF5/0LlfOZrQ==</latexit>

a

ti ti
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a

g E8

Area
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M E

mmm⇥
<latexit sha1_base64="NTDlgoyK8/EyJOs9wyJeNyqUZbI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH5sglHzmfrbo0UrPwDLVR0iJa/oeBfOBsXkDDVaGZXsztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tokRzaPFIRrobMANSKGihQAndWAMLAwmdYHKV+Z0H0EZE6hanMfghGysxEpyhldp9FCGYQbXm1t0cdJF4BamRAs1B9as/jHgSgkIumTE9z43RT5lGwSXMKv3EQMz4hI2hZ6liNsRP82tn9CgxDCMag6ZC0lyE3xspC42ZhoGdDBnemXkvE//zegmOLvxUqDhBUDwLQiEhDzJcC1sD0KHQgMiyy4EKRTnTDBG0oIxzKya2l4rtw5v/fpG0T+read29Oas1LotmyuSAHJJj4pFz0iDXpElahJN78kSeyYvz6Lw6b877z2jJKXb2yR84H99tnpO7</latexit>

⇥
<latexit sha1_base64="NTDlgoyK8/EyJOs9wyJeNyqUZbI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH5sglHzmfrbo0UrPwDLVR0iJa/oeBfOBsXkDDVaGZXsztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tokRzaPFIRrobMANSKGihQAndWAMLAwmdYHKV+Z0H0EZE6hanMfghGysxEpyhldp9FCGYQbXm1t0cdJF4BamRAs1B9as/jHgSgkIumTE9z43RT5lGwSXMKv3EQMz4hI2hZ6liNsRP82tn9CgxDCMag6ZC0lyE3xspC42ZhoGdDBnemXkvE//zegmOLvxUqDhBUDwLQiEhDzJcC1sD0KHQgMiyy4EKRTnTDBG0oIxzKya2l4rtw5v/fpG0T+read29Oas1LotmyuSAHJJj4pFz0iDXpElahJN78kSeyYvz6Lw6b877z2jJKXb2yR84H99tnpO7</latexit>

⇥
<latexit sha1_base64="NTDlgoyK8/EyJOs9wyJeNyqUZbI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeUWNH5sglHzmfrbo0UrPwDLVR0iJa/oeBfOBsXkDDVaGZXsztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tokRzaPFIRrobMANSKGihQAndWAMLAwmdYHKV+Z0H0EZE6hanMfghGysxEpyhldp9FCGYQbXm1t0cdJF4BamRAs1B9as/jHgSgkIumTE9z43RT5lGwSXMKv3EQMz4hI2hZ6liNsRP82tn9CgxDCMag6ZC0lyE3xspC42ZhoGdDBnemXkvE//zegmOLvxUqDhBUDwLQiEhDzJcC1sD0KHQgMiyy4EKRTnTDBG0oIxzKya2l4rtw5v/fpG0T+read29Oas1LotmyuSAHJJj4pFz0iDXpElahJN78kSeyYvz6Lw6b877z2jJKXb2yR84H99tnpO7</latexit>

In Progress

Bellazzini,Elias-Miro,Rattazzi,Riembau,FR



=<latexit sha1_base64="ayUhKH8ABY4An0AQBzCn+pdUyXo=">AAAB83icdVDLSgNBEJz1GeMr6tHLYBA8hdkY8jgIQS8eEzAPSJYwO+nEIbMPZnqFsOQLvOrJm3j1gzz4L+6uEVS0TkVVN11dbqikQcberJXVtfWNzdxWfntnd2+/cHDYNUGkBXREoALdd7kBJX3ooEQF/VAD91wFPXd2lfq9O9BGBv4NzkNwPD715UQKjonUvhgViqzEWKXaqNKUlOt2OSOsUWtQOyUJimSJ1qjwPhwHIvLAR6G4MQObhejEXKMUChb5YWQg5GLGpzBIqM89ME6cBV3Q08hwDGgImkpFMxG+b8TcM2buucmkx/HW/PZS8S9vEOGk7sTSDyMEX6SHUCrIDhmhZdIA0LHUgMjT5EClTwXXHBG0pFyIRIySSvJJH19P0/9Jt1yyz0usXSk2L5fN5MgxOSFnxCY10iTXpEU6RBAg9+SBPFqR9WQ9Wy+foyvWcueI/ID1+gGI1JGH</latexit>
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A(n,R) � R2A(n+ 2, R)
<latexit sha1_base64="VaBHG0msLa5UFjikcn7B1oSKrIQ=">AAACCnicbVDLTgJBEJzFF+ILNfHiZSIxwWjILproEfXiEYk8EkAyO7Q4YXZ2nek1Icgf+BVe9eTNePUnPPgvDshBwTpVV3Wnu8uPpDDoup9OYmZ2bn4huZhaWl5ZXUuvb1RMGGsOZR7KUNd8ZkAKBWUUKKEWaWCBL6Hqd8+HfvUetBGhusJeBM2AdZS4EZyhlVrprdOsOijtNTpwR0vXeVvt523dSmfcnDsCnSbemGTIGMVW+qvRDnkcgEIumTF1z42w2WcaBZcwSDViAxHjXdaBuqWKBWCa/dH9A7obG4YhjUBTIelIhN8TfRYY0wt82xkwvDWT3lD8z6vHeHPS7AsVxQiKDxehkDBaZLgWNhigbaEBkQ0vByoU5UwzRNCCMs6tGNukUjYPb/L7aVLJ57zDnHt5lCmcjZNJkm2yQ7LEI8ekQC5IkZQJJw/kiTyTF+fReXXenPef1oQzntkkf+B8fAPYtJgC</latexit>

Test these on  loop amplitude ansatz for U(1) Goldstone:

Notes: goldstone flow
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1 General idea

Consider the Goldstone theory
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In (1.1) we allow for any term invariant under the shift symmetry X ! X + c. After adding
appropriate c.t. to define the UV finite theory, simple power counting argument implies the
following renormalized forward amplitude 1
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where

Ls = log(s) + log(�s) , (1.3)
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s = log(s) log(�s) . (1.4)

1For concreteness say we work in dim. reg.
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Loop Positivity for U(1) Goldstone
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: coefficients ci no longer positive (c4 yes, R=E2->0)A(n,R) > 0
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2-loop
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<latexit sha1_base64="AgCXbNqzA8JKTcfvWcsT3CqoM5Y=">AAACC3icbVC7TsNAEDzzDOEVoKCgOREhBQlFNiBBGaChDBFJkJIoWl82cMr5bO7WSJHlT+AraKGiQ7R8BAX/ghNS8JpqNLOr3Rk/UtKS6747U9Mzs3PzuYX84tLyymphbb1hw9gIrItQhebKB4tKaqyTJIVXkUEIfIVNf3A28pt3aKwM9SUNI+wEcK1lXwqgTOoWNtt9AyLppUmvlp6U9F5tt63w1u0Wim7ZHYP/Jd6EFNkE1W7ho90LRRygJqHA2pbnRtRJwJAUCtN8O7YYgRjANbYyqiFA20nGAVK+E1ugkEdouFR8LOL3jQQCa4eBn00GQDf2tzcS//NaMfWPO4nUUUyoxegQSYXjQ1YYmTWDvCcNEsHoc+RScwEGiNBIDkJkYpxVlc/68H6n/0sa+2XvoOxeHBYrp5NmcmyLbbMS89gRq7BzVmV1JljKHtgje3LunWfnxXn9Gp1yJjsb7Aect0/IX5pm</latexit>

�8 + E4�1
12 + E4(4�2,1

12 + �2,2
12 ) logE2 < 0

<latexit sha1_base64="m1AFzvuVZQ9b5LsQOqi5mGtAkbc="></latexit>

8E < M
<latexit sha1_base64="TixNT2earWaMaIXDGVniDyRggw4=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyqoAcPQRG8CBHMAzYh9E46ccjsg5leISzBr/CqJ2/i1W/x4L+4u+agiXUqqrrp6vIiJQ3Z9qdVWFhcWl4prpbW1jc2t8rbO00TxlpgQ4Qq1G0PDCoZYIMkKWxHGsH3FLa80WXmtx5QGxkGdzSOsOvDMJADKYBSye0MQg1K8avzm165YlftHHyeOFNSYVPUe+WvTj8UsY8BCQXGuI4dUTcBTVIonJQ6scEIxAiG6KY0AB9NN8kjT/hBbIBCHqHmUvFcxN8bCfjGjH0vnfSB7s2sl4n/eW5Mg7NuIoMoJgxEdoikwvyQEVqmXSDvS41EkCVHLgMuQAMRaslBiFSM03JKaR/O7PfzpHlUdY6r9u1JpXYxbabI9tg+O2QOO2U1ds3qrMEEC9kTe2Yv1qP1ar1Z7z+jBWu6s8v+wPr4BjsWlTk=</latexit>

2-loop

In Progress



Loop Positivity for U(1) Goldstone

A(s) = c4s
2 + s4 (c8 + �8Ls) + ic10s

5 + s6
⇣
c12 + �1

12Ls + �2,1
12 L2

s + �2,2
12 L0

s

⌘
+ · · ·

<latexit sha1_base64="qW4e5VpNHWCMwGfcSowhVsf7nDs="></latexit>

A(3, R) = c4 +R2�8 +
1

8
R8(4�1

12 � 4�2,1
12 � �2,2

12 + 4(4�2,1
12 + �2,2

12 ) logR
<latexit sha1_base64="J44XpJfCti/EObM+Y60t00z0xKo="></latexit>

Ansatz:

Arches:

A(5, R) = c8 + 2�8 logR+R2

 
�1
12 � 2�2,1

12 � �2,2
12

2
+ (4�2,1

12 + �2,2
12 ) logR

!

<latexit sha1_base64="/q0Q+6TU6ZdmuHjNwBGjhWH8+5g="></latexit>

: coefficients ci no longer positive (c4 yes, R=E2->0)A(n,R) > 0
<latexit sha1_base64="3rcpR7LuB4fhJq6IS3/jqdx/l7M=">AAAB+nicbVC7TsNAEDyHVwivACXNiQgpSCiyAQkqFKChDIg8pMSKzpdNOOV8tu7WSJHJT9BCRYdo+RkK/gXbuIDAVKOZXe3seKEUBm37wyrMzS8sLhWXSyura+sb5c2tlgkizaHJAxnojscMSKGgiQIldEINzPcktL3xZeq370EbEahbnITg+mykxFBwhonUOa+qg5v9M7tfrtg1OwP9S5ycVEiORr/82RsEPPJBIZfMmK5jh+jGTKPgEqalXmQgZHzMRtBNqGI+GDfO8k7pXmQYBjQETYWkmQg/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8dWOhwghB8fQQCgnZIcO1SIoAOhAaEFmaHKhQlDPNEEELyjhPxChpppT04cx+/5e0DmvOUc2+Pq7UL/JmimSH7JIqccgJqZMr0iBNwokkj+SJPFsP1ov1ar19jxasfGeb/IL1/gXU8pM9</latexit>

d

dR
A(n,R)  0

<latexit sha1_base64="AgCXbNqzA8JKTcfvWcsT3CqoM5Y=">AAACC3icbVC7TsNAEDzzDOEVoKCgOREhBQlFNiBBGaChDBFJkJIoWl82cMr5bO7WSJHlT+AraKGiQ7R8BAX/ghNS8JpqNLOr3Rk/UtKS6747U9Mzs3PzuYX84tLyymphbb1hw9gIrItQhebKB4tKaqyTJIVXkUEIfIVNf3A28pt3aKwM9SUNI+wEcK1lXwqgTOoWNtt9AyLppUmvlp6U9F5tt63w1u0Wim7ZHYP/Jd6EFNkE1W7ho90LRRygJqHA2pbnRtRJwJAUCtN8O7YYgRjANbYyqiFA20nGAVK+E1ugkEdouFR8LOL3jQQCa4eBn00GQDf2tzcS//NaMfWPO4nUUUyoxegQSYXjQ1YYmTWDvCcNEsHoc+RScwEGiNBIDkJkYpxVlc/68H6n/0sa+2XvoOxeHBYrp5NmcmyLbbMS89gRq7BzVmV1JljKHtgje3LunWfnxXn9Gp1yJjsb7Aect0/IX5pm</latexit>

�8 + E4�1
12 + E4(4�2,1

12 + �2,2
12 ) logE2 < 0

<latexit sha1_base64="m1AFzvuVZQ9b5LsQOqi5mGtAkbc="></latexit>

8E < M
<latexit sha1_base64="TixNT2earWaMaIXDGVniDyRggw4=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyqoAcPQRG8CBHMAzYh9E46ccjsg5leISzBr/CqJ2/i1W/x4L+4u+agiXUqqrrp6vIiJQ3Z9qdVWFhcWl4prpbW1jc2t8rbO00TxlpgQ4Qq1G0PDCoZYIMkKWxHGsH3FLa80WXmtx5QGxkGdzSOsOvDMJADKYBSye0MQg1K8avzm165YlftHHyeOFNSYVPUe+WvTj8UsY8BCQXGuI4dUTcBTVIonJQ6scEIxAiG6KY0AB9NN8kjT/hBbIBCHqHmUvFcxN8bCfjGjH0vnfSB7s2sl4n/eW5Mg7NuIoMoJgxEdoikwvyQEVqmXSDvS41EkCVHLgMuQAMRaslBiFSM03JKaR/O7PfzpHlUdY6r9u1JpXYxbabI9tg+O2QOO2U1ds3qrMEEC9kTe2Yv1qP1ar1Z7z+jBWu6s8v+wPr4BjsWlTk=</latexit>

2-loop

�8  0
<latexit sha1_base64="L3NR0wKVZdbjH+pWEJmiGu0GowQ=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgkTKChjJI5CHFVrS+bMIp5wd3a6QoisRX0EJFh2j5FQr+Bdu4gISpRjO72tnxYyUN2fantbS8srq2Xtoob25t7+xW9vbbJkq0wJaIVKS7PhhUMsQWSVLYjTVC4Cvs+OOrzO88oDYyCm9pEqMXwCiUQymAUsl1fSTo112F93a/UrVrdg6+SJyCVFmBZr/y5Q4ikQQYklBgTM+xY/KmoEkKhbOymxiMQYxhhL2UhhCg8aZ55hk/TgxQxGPUXCqei/h7YwqBMZPATycDoDsz72Xif14voWHdm8owTghDkR0iqTA/ZISWaRnIB1IjEWTJkcuQC9BAhFpyECIVk7SdctqHM//9Immf1pyzmn1zXm1cFs2U2CE7YifMYReswa5Zk7WYYDF7Ys/sxXq0Xq036/1ndMkqdg7YH1gf30kmldY=</latexit>

Leading running coefficient c8 increases towards IR

1-loop

…becomes more positive w.r.t. tree-level approx.

In Progress



Loop Positivity for U(1) Goldstone

A(s) = c4s
2 + s4 (c8 + �8Ls) + ic10s

5 + s6
⇣
c12 + �1

12Ls + �2,1
12 L2

s + �2,2
12 L0

s

⌘
+ · · ·

<latexit sha1_base64="qW4e5VpNHWCMwGfcSowhVsf7nDs="></latexit>

A(3, R) = c4 +R2�8 +
1

8
R8(4�1

12 � 4�2,1
12 � �2,2

12 + 4(4�2,1
12 + �2,2

12 ) logR
<latexit sha1_base64="J44XpJfCti/EObM+Y60t00z0xKo="></latexit>

Ansatz:

Arches:

A(5, R) = c8 + 2�8 logR+R2

 
�1
12 � 2�2,1

12 � �2,2
12

2
+ (4�2,1

12 + �2,2
12 ) logR

!

<latexit sha1_base64="/q0Q+6TU6ZdmuHjNwBGjhWH8+5g="></latexit>

: coefficients ci no longer positive (c4 yes, R=E2->0)A(n,R) > 0
<latexit sha1_base64="3rcpR7LuB4fhJq6IS3/jqdx/l7M=">AAAB+nicbVC7TsNAEDyHVwivACXNiQgpSCiyAQkqFKChDIg8pMSKzpdNOOV8tu7WSJHJT9BCRYdo+RkK/gXbuIDAVKOZXe3seKEUBm37wyrMzS8sLhWXSyura+sb5c2tlgkizaHJAxnojscMSKGgiQIldEINzPcktL3xZeq370EbEahbnITg+mykxFBwhonUOa+qg5v9M7tfrtg1OwP9S5ycVEiORr/82RsEPPJBIZfMmK5jh+jGTKPgEqalXmQgZHzMRtBNqGI+GDfO8k7pXmQYBjQETYWkmQg/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8dWOhwghB8fQQCgnZIcO1SIoAOhAaEFmaHKhQlDPNEEELyjhPxChpppT04cx+/5e0DmvOUc2+Pq7UL/JmimSH7JIqccgJqZMr0iBNwokkj+SJPFsP1ov1ar19jxasfGeb/IL1/gXU8pM9</latexit>

d

dR
A(n,R)  0

<latexit sha1_base64="AgCXbNqzA8JKTcfvWcsT3CqoM5Y=">AAACC3icbVC7TsNAEDzzDOEVoKCgOREhBQlFNiBBGaChDBFJkJIoWl82cMr5bO7WSJHlT+AraKGiQ7R8BAX/ghNS8JpqNLOr3Rk/UtKS6747U9Mzs3PzuYX84tLyymphbb1hw9gIrItQhebKB4tKaqyTJIVXkUEIfIVNf3A28pt3aKwM9SUNI+wEcK1lXwqgTOoWNtt9AyLppUmvlp6U9F5tt63w1u0Wim7ZHYP/Jd6EFNkE1W7ho90LRRygJqHA2pbnRtRJwJAUCtN8O7YYgRjANbYyqiFA20nGAVK+E1ugkEdouFR8LOL3jQQCa4eBn00GQDf2tzcS//NaMfWPO4nUUUyoxegQSYXjQ1YYmTWDvCcNEsHoc+RScwEGiNBIDkJkYpxVlc/68H6n/0sa+2XvoOxeHBYrp5NmcmyLbbMS89gRq7BzVmV1JljKHtgje3LunWfnxXn9Gp1yJjsb7Aect0/IX5pm</latexit>

�8 + E4�1
12 + E4(4�2,1

12 + �2,2
12 ) logE2 < 0

<latexit sha1_base64="m1AFzvuVZQ9b5LsQOqi5mGtAkbc="></latexit>

8E < M
<latexit sha1_base64="TixNT2earWaMaIXDGVniDyRggw4=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyqoAcPQRG8CBHMAzYh9E46ccjsg5leISzBr/CqJ2/i1W/x4L+4u+agiXUqqrrp6vIiJQ3Z9qdVWFhcWl4prpbW1jc2t8rbO00TxlpgQ4Qq1G0PDCoZYIMkKWxHGsH3FLa80WXmtx5QGxkGdzSOsOvDMJADKYBSye0MQg1K8avzm165YlftHHyeOFNSYVPUe+WvTj8UsY8BCQXGuI4dUTcBTVIonJQ6scEIxAiG6KY0AB9NN8kjT/hBbIBCHqHmUvFcxN8bCfjGjH0vnfSB7s2sl4n/eW5Mg7NuIoMoJgxEdoikwvyQEVqmXSDvS41EkCVHLgMuQAMRaslBiFSM03JKaR/O7PfzpHlUdY6r9u1JpXYxbabI9tg+O2QOO2U1ds3qrMEEC9kTe2Yv1qP1ar1Z7z+jBWu6s8v+wPr4BjsWlTk=</latexit>

2-loop

1-loop: next running coefficient c12 can decrease  towards IR
�1
12  |�8|

E4
<latexit sha1_base64="tzmYAPjaKWNRTJ4mdYPvzb6dryg=">AAACGnicbVC7TsNAEDzzDOEVoKQ5EYGoIhuQoIxASJRBIg8pDtH6sgknzg/u1kiR4z/gE/gKWqjoEC0NBf+C8yiAMNVoZle7M16kpCHb/rRmZufmFxZzS/nlldW19cLGZs2EsRZYFaEKdcMDg0oGWCVJChuRRvA9hXXv9mzo1+9RGxkGV9SPsOVDL5BdKYAyqV3Ycz0kaCfOQXrtuArvuNvVIJLBWD8ZpMn59VHaLhTtkj0CnybOhBTZBJV24cvthCL2MSChwJimY0fUSkCTFArTvBsbjEDcQg+bGQ3AR9NKRnlSvhsboJBHqLlUfCTiz40EfGP6vpdN+kA35q83FP/zmjF1T1qJDKKYMBDDQyQVjg4ZoWVWFPKO1EgEw8+Ry4AL0ECEWnIQIhPjrLl81ofzN/00qR2UnMOSfXlULJ9OmsmxbbbD9pnDjlmZXbAKqzLBHtgTe2Yv1qP1ar1Z7+PRGWuys8V+wfr4BuduoPM=</latexit>

�8  0
<latexit sha1_base64="L3NR0wKVZdbjH+pWEJmiGu0GowQ=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgkTKChjJI5CHFVrS+bMIp5wd3a6QoisRX0EJFh2j5FQr+Bdu4gISpRjO72tnxYyUN2fantbS8srq2Xtoob25t7+xW9vbbJkq0wJaIVKS7PhhUMsQWSVLYjTVC4Cvs+OOrzO88oDYyCm9pEqMXwCiUQymAUsl1fSTo112F93a/UrVrdg6+SJyCVFmBZr/y5Q4ikQQYklBgTM+xY/KmoEkKhbOymxiMQYxhhL2UhhCg8aZ55hk/TgxQxGPUXCqei/h7YwqBMZPATycDoDsz72Xif14voWHdm8owTghDkR0iqTA/ZISWaRnIB1IjEWTJkcuQC9BAhFpyECIVk7SdctqHM//9Immf1pyzmn1zXm1cFs2U2CE7YifMYReswa5Zk7WYYDF7Ys/sxXq0Xq036/1ndMkqdg7YH1gf30kmldY=</latexit>

Leading running coefficient c8 increases towards IR

1-loop

…becomes more positive w.r.t. tree-level approx.

In Progress



U(1) Goldstone @ 1-loop

�8 + E4�1
12 < 0

<latexit sha1_base64="JhmqQvzHxy1tBXeUL5+AkuWUwC8=">AAACEHicbVC7SsRQEL3xua6vVUstLi6CICyJCm5hsSiCpYKrwm4Mk+uol715cO9EWEIaP8GvsNXKTmz9Awv/xSSm8HWqM+fMMDPHj5U0ZNvv1sjo2PjEZG2qPj0zOzffWFg8NVGiBXZFpCJ97oNBJUPskiSF57FGCHyFZ/5gv/DPblEbGYUnNIzRDeA6lFdSAOWS11jp+0jgtTcOLtLtjH9VqbOZXTi7ttdo2i27BP9LnIo0WYUjr/HRv4xEEmBIQoExPceOyU1BkxQKs3o/MRiDGMA19nIaQoDGTcsvMr6WGKCIx6i5VLwU8ftECoExw8DPOwOgG/PbK8T/vF5CV203lWGcEIaiWERSYbnICC3zeJBfSo1EUFyOXIZcgAYi1JKDELmY5HnV8zyc39//JaebLWerZR9vNzt7VTI1tsxW2Tpz2A7rsEN2xLpMsDv2wB7Zk3VvPVsv1utX64hVzSyxH7DePgFAApug</latexit>

�8 = � 7c24
5⇡2

<latexit sha1_base64="fH2OkMiLYhGisbyY3bMHV5v+RkI=">AAACGXicbVC7TsNAEDzzDOEVoKQ5EUWiIbIhCBqkCBrKIJGHFAdrfWzgxPmhuzVSZPkL+AS+ghYqOkRLRcG/4JgUvKYazexqd8aPlTRk2+/W1PTM7Nx8aaG8uLS8slpZW++YKNEC2yJSke75YFDJENskSWEv1giBr7Dr35yM/e4taiOj8JxGMQ4CuArlUAqgXPIqNddHAu/waMcdahDpgfDSRnaR7mZZus/dWBbUq1Ttul2A/yXOhFTZBC2v8uFeRiIJMCShwJi+Y8c0SEGTFAqzspsYjEHcwBX2cxpCgGaQFnEyXksMUMRj1FwqXoj4fSOFwJhR4OeTAdC1+e2Nxf+8fkLDw0EqwzghDMX4EEmFxSEjtMx7Qn4pNRLB+HPkMuQCNBChlhyEyMUkL66c9+H8Tv+XdHbrzl7dPmtUm8eTZkpsk22xbeawA9Zkp6zF2kywO/bAHtmTdW89Wy/W69folDXZ2WA/YL19Aqy0oEQ=</latexit>

Explicit  
calculation: �12 = �23c26

5⇡2
� 83c4c8

70⇡2
<latexit sha1_base64="amNKWRC5n/oxg10j+IkvMJV5y1c="></latexit>

a

ti ti
S

a

g e 8

Area
E

E

mail

a

ti ti
S

a

g e 8

Area
E

E

mail

c4
<latexit sha1_base64="GAOvKF1vQx0jWQv32qYBFjdJ4cw=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZEgjKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrdiUB9UqnbNzsEWiVOQKhRoDipf/WEoYh8DEoob03PsiNyEa5JC4azcjw1GXEz4GHspDbiPxk3yqDN2HBtOIYtQM6lYLuLvjYT7xkx9L530Od2beS8T//N6MY0u3EQGUUwYiOwQSYX5ISO0TDtANpQaiXiWHJkMmOCaE6GWjAuRinFaSjntw5n/fpG0T2vOWc2+qVcbl0UzJTiEIzgBB86hAdfQhBYIGMMTPMOL9Wi9Wm/W+8/oklXsHMAfWB/flqmSFQ==</latexit>

c4
<latexit sha1_base64="GAOvKF1vQx0jWQv32qYBFjdJ4cw=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZEgjKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrdiUB9UqnbNzsEWiVOQKhRoDipf/WEoYh8DEoob03PsiNyEa5JC4azcjw1GXEz4GHspDbiPxk3yqDN2HBtOIYtQM6lYLuLvjYT7xkx9L530Od2beS8T//N6MY0u3EQGUUwYiOwQSYX5ISO0TDtANpQaiXiWHJkMmOCaE6GWjAuRinFaSjntw5n/fpG0T2vOWc2+qVcbl0UzJTiEIzgBB86hAdfQhBYIGMMTPMOL9Wi9Wm/W+8/oklXsHMAfWB/flqmSFQ==</latexit>

c6,4
<latexit sha1_base64="PYoYCHvkgtpmGj9zqPj2No+gsmw=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRoMiGCCgjaCiDRB5SYkXryyaccn7obo0UWfkIWqjoEC1fQ8G/YBsXkDDVaGZXOztepKQh2/60lpZXVtfWSxvlza3tnd3K3n7bhLEW2BKhCnXXA4NKBtgiSQq7kUbwPYUdb3KT+Z1H1EaGwT1NI3R9GAdyJAVQKnXEILk4rc8Glapds3PwReIUpMoKNAeVr/4wFLGPAQkFxvQcOyI3AU1SKJyV+7HBCMQExthLaQA+GjfJ4874cWyAQh6h5lLxXMTfGwn4xkx9L530gR7MvJeJ/3m9mEZXbiKDKCYMRHaIpML8kBFapj0gH0qNRJAlRy4DLkADEWrJQYhUjNNiymkfzvz3i6R9VnPOa/Zdvdq4LpopsUN2xE6Ywy5Zg92yJmsxwSbsiT2zFyuxXq036/1ndMkqdg7YH1gf30wWk5c=</latexit>

c6,8
<latexit sha1_base64="hb33c7qPXsSfMWc/EKhhTLiKyO8=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRoMgGBCkjaCiDRB5SYkXryyaccn7obo0UWfkIWqjoEC1fQ8G/YBsXkDDVaGZXOztepKQh2/60lpZXVtfWSxvlza3tnd3K3n7bhLEW2BKhCnXXA4NKBtgiSQq7kUbwPYUdb3KT+Z1H1EaGwT1NI3R9GAdyJAVQKnXEILk8rc8Glapds3PwReIUpMoKNAeVr/4wFLGPAQkFxvQcOyI3AU1SKJyV+7HBCMQExthLaQA+GjfJ4874cWyAQh6h5lLxXMTfGwn4xkx9L530gR7MvJeJ/3m9mEZ1N5FBFBMGIjtEUmF+yAgt0x6QD6VGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/77RdI+qznnNfvuotq4LpopsUN2xE6Yw65Yg92yJmsxwSbsiT2zFyuxXq036/1ndMkqdg7YH1gf31JWk5s=</latexit>



U(1) Goldstone @ 1-loop

�8 + E4�1
12 < 0

<latexit sha1_base64="JhmqQvzHxy1tBXeUL5+AkuWUwC8=">AAACEHicbVC7SsRQEL3xua6vVUstLi6CICyJCm5hsSiCpYKrwm4Mk+uol715cO9EWEIaP8GvsNXKTmz9Awv/xSSm8HWqM+fMMDPHj5U0ZNvv1sjo2PjEZG2qPj0zOzffWFg8NVGiBXZFpCJ97oNBJUPskiSF57FGCHyFZ/5gv/DPblEbGYUnNIzRDeA6lFdSAOWS11jp+0jgtTcOLtLtjH9VqbOZXTi7ttdo2i27BP9LnIo0WYUjr/HRv4xEEmBIQoExPceOyU1BkxQKs3o/MRiDGMA19nIaQoDGTcsvMr6WGKCIx6i5VLwU8ftECoExw8DPOwOgG/PbK8T/vF5CV203lWGcEIaiWERSYbnICC3zeJBfSo1EUFyOXIZcgAYi1JKDELmY5HnV8zyc39//JaebLWerZR9vNzt7VTI1tsxW2Tpz2A7rsEN2xLpMsDv2wB7Zk3VvPVsv1utX64hVzSyxH7DePgFAApug</latexit>

�8 = � 7c24
5⇡2

<latexit sha1_base64="fH2OkMiLYhGisbyY3bMHV5v+RkI=">AAACGXicbVC7TsNAEDzzDOEVoKQ5EUWiIbIhCBqkCBrKIJGHFAdrfWzgxPmhuzVSZPkL+AS+ghYqOkRLRcG/4JgUvKYazexqd8aPlTRk2+/W1PTM7Nx8aaG8uLS8slpZW++YKNEC2yJSke75YFDJENskSWEv1giBr7Dr35yM/e4taiOj8JxGMQ4CuArlUAqgXPIqNddHAu/waMcdahDpgfDSRnaR7mZZus/dWBbUq1Ttul2A/yXOhFTZBC2v8uFeRiIJMCShwJi+Y8c0SEGTFAqzspsYjEHcwBX2cxpCgGaQFnEyXksMUMRj1FwqXoj4fSOFwJhR4OeTAdC1+e2Nxf+8fkLDw0EqwzghDMX4EEmFxSEjtMx7Qn4pNRLB+HPkMuQCNBChlhyEyMUkL66c9+H8Tv+XdHbrzl7dPmtUm8eTZkpsk22xbeawA9Zkp6zF2kywO/bAHtmTdW89Wy/W69folDXZ2WA/YL19Aqy0oEQ=</latexit>

Explicit  
calculation: �12 = �23c26

5⇡2
� 83c4c8

70⇡2
<latexit sha1_base64="amNKWRC5n/oxg10j+IkvMJV5y1c="></latexit>

Contains c6 (unbounded @ tree)… can access Galileon:
L = g2⇤(�

⇤$@�)2
<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>L =

g2⇤
M6

(@µ⇡@
µ⇡)⇤(@⌫⇡@

⌫⇡)
<latexit sha1_base64="c/SZzLh2PI84d4/DfxuGJVyYSKw="></latexit>

c0 c2 c4 c6 c8 c10 c12 · · ·
<latexit sha1_base64="KuiQdVgCyqZV2mcS6ToIk0XhqMA="></latexit>

no positivity

c2, c4, c8 ⌧ c6
<latexit sha1_base64="bMIXXVRGdqYw9Gzr7n3rl0rG1Ug=">AAACBnicbVC7SgNBFJ2NrxhfayxtBoNgIWE3Bk0ZtLGMYB6QhGV2chOHzD6YuSuGJb1fYauVndj6Gxb+i7MxhSYeGDiccy/nzvFjKTQ6zqeVW1ldW9/Ibxa2tnd29+z9YktHieLQ5JGMVMdnGqQIoYkCJXRiBSzwJbT98VXmt+9BaRGFtziJoR+wUSiGgjM0kmcXuVc55V7VvFpPSsq9c88uOWVnBrpM3DkpkTkanv3VG0Q8CSBELpnWXdeJsZ8yhYJLmBZ6iYaY8TEbQdfQkAWg++ns9ik9TjTDiMagqDDxmQi/N1IWaD0JfDMZMLzTi14m/ud1ExzW+qkI4wQh5FkQCgmzIM2VMKUAHQgFiCy7HKgIKWeKIYISlHFuxMS0VDB9uIu/XyatStk9Kzs31VL9ct5MnhySI3JCXHJB6uSaNEiTcPJAnsgzebEerVfrzXr/Gc1Z850D8gfWxzeI2pdu</latexit>

loop �1
12

<latexit sha1_base64="94eLnUEHij8wVKDTeiGkyNl6u4o=">AAAB/nicdVDLSgNBEJz1bXxFPXoZDIKnZScJ2XgTvXhUMCaQxNA7tjo4+2CmVwhLwK/wqidv4tVf8eC/uBsjqGidiqpuurqCRCtLnvfmTE3PzM7NLyyWlpZXVtfK6xtnNk6NxJaMdWw6AVjUKsIWKdLYSQxCGGhsBzeHhd++RWNVHJ3SMMF+CFeRulQSKJd6vQAJBpmojs7FoFzx3JrvNZp17rm+8P1GQcSeqNeqXLjeGBU2wfGg/N67iGUaYkRSg7Vd4SXUz8CQkhpHpV5qMQF5A1fYzWkEIdp+Ns484jupBYp5goYrzccift/IILR2GAb5ZAh0bX97hfiX103pstnPVJSkhJEsDpHSOD5kpVF5GcgvlEEiKJIjVxGXYIAIjeIgZS6meTulvI+vp/n/5KzqiprrndQr+weTZhbYFttmu0wwn+2zI3bMWkyyhN2zB/bo3DlPzrPz8jk65Ux2NtkPOK8flRKWCg==</latexit>

�
<latexit sha1_base64="iW1iapzh//+3hM6i69ukYhm0gp8=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTYJuLmJXjwqGBNIQuiddOKQ2QczvYIsfoRXPXkTr36NB//FSYygonUqqqrp7ooyrSwJ8ebNzS8sLi2vrJbW1jc2t8rbO1c2zY3Epkx1atoRWNQqwSYp0tjODEIcaWxF49OJ37pBY1WaXNJthr0YRokaKgnkpFZXu+gA+uWK8Bu1etAIufDrYaNarTkiQhFWQx74YooKm+G8X37vDlKZx5iQ1GBtJxAZ9QowpKTGu1I3t5iBHMMIO44mEKPtFdNz7/hBboFSnqHhSvOpiN8nCoitvY0jl4yBru1vbyL+5XVyGoa9QiVZTpjIySJSGqeLrDTK9YB8oAwSweRy5CrhEgwQoVEcpHRi7oopuT6+nub/k6uqH9R8cVGvHJ/Mmllhe2yfHbKAHbFjdsbOWZNJNmb37IE9eoX35D17L5/ROW82s8t+wHv9AHpflFw=</latexit>

positive  
pert.

� >
3

640

g2⇤
16⇡2

✓
E

M

◆8

<latexit sha1_base64="r3la9/5cqZSa2MyzXaDjWMYh6hQ="></latexit>

�
<latexit sha1_base64="iW1iapzh//+3hM6i69ukYhm0gp8=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTYJuLmJXjwqGBNIQuiddOKQ2QczvYIsfoRXPXkTr36NB//FSYygonUqqqrp7ooyrSwJ8ebNzS8sLi2vrJbW1jc2t8rbO1c2zY3Epkx1atoRWNQqwSYp0tjODEIcaWxF49OJ37pBY1WaXNJthr0YRokaKgnkpFZXu+gA+uWK8Bu1etAIufDrYaNarTkiQhFWQx74YooKm+G8X37vDlKZx5iQ1GBtJxAZ9QowpKTGu1I3t5iBHMMIO44mEKPtFdNz7/hBboFSnqHhSvOpiN8nCoitvY0jl4yBru1vbyL+5XVyGoa9QiVZTpjIySJSGqeLrDTK9YB8oAwSweRy5CrhEgwQoVEcpHRi7oopuT6+nub/k6uqH9R8cVGvHJ/Mmllhe2yfHbKAHbFjdsbOWZNJNmb37IE9eoX35D17L5/ROW82s8t+wHv9AHpflFw=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

a

ti ti
S

a

g e 8

Area
E

E

mail

a

ti ti
S

a

g e 8

Area
E

E

mail

c4
<latexit sha1_base64="GAOvKF1vQx0jWQv32qYBFjdJ4cw=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZEgjKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrdiUB9UqnbNzsEWiVOQKhRoDipf/WEoYh8DEoob03PsiNyEa5JC4azcjw1GXEz4GHspDbiPxk3yqDN2HBtOIYtQM6lYLuLvjYT7xkx9L530Od2beS8T//N6MY0u3EQGUUwYiOwQSYX5ISO0TDtANpQaiXiWHJkMmOCaE6GWjAuRinFaSjntw5n/fpG0T2vOWc2+qVcbl0UzJTiEIzgBB86hAdfQhBYIGMMTPMOL9Wi9Wm/W+8/oklXsHMAfWB/flqmSFQ==</latexit>

c4
<latexit sha1_base64="GAOvKF1vQx0jWQv32qYBFjdJ4cw=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZEgjKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrdiUB9UqnbNzsEWiVOQKhRoDipf/WEoYh8DEoob03PsiNyEa5JC4azcjw1GXEz4GHspDbiPxk3yqDN2HBtOIYtQM6lYLuLvjYT7xkx9L530Od2beS8T//N6MY0u3EQGUUwYiOwQSYX5ISO0TDtANpQaiXiWHJkMmOCaE6GWjAuRinFaSjntw5n/fpG0T2vOWc2+qVcbl0UzJTiEIzgBB86hAdfQhBYIGMMTPMOL9Wi9Wm/W+8/oklXsHMAfWB/flqmSFQ==</latexit>

c6,4
<latexit sha1_base64="PYoYCHvkgtpmGj9zqPj2No+gsmw=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRoMiGCCgjaCiDRB5SYkXryyaccn7obo0UWfkIWqjoEC1fQ8G/YBsXkDDVaGZXOztepKQh2/60lpZXVtfWSxvlza3tnd3K3n7bhLEW2BKhCnXXA4NKBtgiSQq7kUbwPYUdb3KT+Z1H1EaGwT1NI3R9GAdyJAVQKnXEILk4rc8Glapds3PwReIUpMoKNAeVr/4wFLGPAQkFxvQcOyI3AU1SKJyV+7HBCMQExthLaQA+GjfJ4874cWyAQh6h5lLxXMTfGwn4xkx9L530gR7MvJeJ/3m9mEZXbiKDKCYMRHaIpML8kBFapj0gH0qNRJAlRy4DLkADEWrJQYhUjNNiymkfzvz3i6R9VnPOa/Zdvdq4LpopsUN2xE6Ywy5Zg92yJmsxwSbsiT2zFyuxXq036/1ndMkqdg7YH1gf30wWk5c=</latexit>

c6,8
<latexit sha1_base64="hb33c7qPXsSfMWc/EKhhTLiKyO8=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRoMgGBCkjaCiDRB5SYkXryyaccn7obo0UWfkIWqjoEC1fQ8G/YBsXkDDVaGZXOztepKQh2/60lpZXVtfWSxvlza3tnd3K3n7bhLEW2BKhCnXXA4NKBtgiSQq7kUbwPYUdb3KT+Z1H1EaGwT1NI3R9GAdyJAVQKnXEILk8rc8Glapds3PwReIUpMoKNAeVr/4wFLGPAQkFxvQcOyI3AU1SKJyV+7HBCMQExthLaQA+GjfJ4874cWyAQh6h5lLxXMTfGwn4xkx9L530gR7MvJeJ/3m9mEZ1N5FBFBMGIjtEUmF+yAgt0x6QD6VGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/77RdI+qznnNfvuotq4LpopsUN2xE6Yw65Yg92yJmsxwSbsiT2zFyuxXq036/1ndMkqdg7YH1gf31JWk5s=</latexit>



U(1) Goldstone @ 1-loop

�8 + E4�1
12 < 0

<latexit sha1_base64="JhmqQvzHxy1tBXeUL5+AkuWUwC8=">AAACEHicbVC7SsRQEL3xua6vVUstLi6CICyJCm5hsSiCpYKrwm4Mk+uol715cO9EWEIaP8GvsNXKTmz9Awv/xSSm8HWqM+fMMDPHj5U0ZNvv1sjo2PjEZG2qPj0zOzffWFg8NVGiBXZFpCJ97oNBJUPskiSF57FGCHyFZ/5gv/DPblEbGYUnNIzRDeA6lFdSAOWS11jp+0jgtTcOLtLtjH9VqbOZXTi7ttdo2i27BP9LnIo0WYUjr/HRv4xEEmBIQoExPceOyU1BkxQKs3o/MRiDGMA19nIaQoDGTcsvMr6WGKCIx6i5VLwU8ftECoExw8DPOwOgG/PbK8T/vF5CV203lWGcEIaiWERSYbnICC3zeJBfSo1EUFyOXIZcgAYi1JKDELmY5HnV8zyc39//JaebLWerZR9vNzt7VTI1tsxW2Tpz2A7rsEN2xLpMsDv2wB7Zk3VvPVsv1utX64hVzSyxH7DePgFAApug</latexit>

�8 = � 7c24
5⇡2

<latexit sha1_base64="fH2OkMiLYhGisbyY3bMHV5v+RkI=">AAACGXicbVC7TsNAEDzzDOEVoKQ5EUWiIbIhCBqkCBrKIJGHFAdrfWzgxPmhuzVSZPkL+AS+ghYqOkRLRcG/4JgUvKYazexqd8aPlTRk2+/W1PTM7Nx8aaG8uLS8slpZW++YKNEC2yJSke75YFDJENskSWEv1giBr7Dr35yM/e4taiOj8JxGMQ4CuArlUAqgXPIqNddHAu/waMcdahDpgfDSRnaR7mZZus/dWBbUq1Ttul2A/yXOhFTZBC2v8uFeRiIJMCShwJi+Y8c0SEGTFAqzspsYjEHcwBX2cxpCgGaQFnEyXksMUMRj1FwqXoj4fSOFwJhR4OeTAdC1+e2Nxf+8fkLDw0EqwzghDMX4EEmFxSEjtMx7Qn4pNRLB+HPkMuQCNBChlhyEyMUkL66c9+H8Tv+XdHbrzl7dPmtUm8eTZkpsk22xbeawA9Zkp6zF2kywO/bAHtmTdW89Wy/W69folDXZ2WA/YL19Aqy0oEQ=</latexit>

Explicit  
calculation: �12 = �23c26

5⇡2
� 83c4c8

70⇡2
<latexit sha1_base64="amNKWRC5n/oxg10j+IkvMJV5y1c="></latexit>

Contains c6 (unbounded @ tree)… can access Galileon:
L = g2⇤(�

⇤$@�)2
<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>L =

g2⇤
M6

(@µ⇡@
µ⇡)⇤(@⌫⇡@

⌫⇡)
<latexit sha1_base64="c/SZzLh2PI84d4/DfxuGJVyYSKw="></latexit>

c0 c2 c4 c6 c8 c10 c12 · · ·
<latexit sha1_base64="KuiQdVgCyqZV2mcS6ToIk0XhqMA="></latexit>

no positivity

c2, c4, c8 ⌧ c6
<latexit sha1_base64="bMIXXVRGdqYw9Gzr7n3rl0rG1Ug=">AAACBnicbVC7SgNBFJ2NrxhfayxtBoNgIWE3Bk0ZtLGMYB6QhGV2chOHzD6YuSuGJb1fYauVndj6Gxb+i7MxhSYeGDiccy/nzvFjKTQ6zqeVW1ldW9/Ibxa2tnd29+z9YktHieLQ5JGMVMdnGqQIoYkCJXRiBSzwJbT98VXmt+9BaRGFtziJoR+wUSiGgjM0kmcXuVc55V7VvFpPSsq9c88uOWVnBrpM3DkpkTkanv3VG0Q8CSBELpnWXdeJsZ8yhYJLmBZ6iYaY8TEbQdfQkAWg++ns9ik9TjTDiMagqDDxmQi/N1IWaD0JfDMZMLzTi14m/ud1ExzW+qkI4wQh5FkQCgmzIM2VMKUAHQgFiCy7HKgIKWeKIYISlHFuxMS0VDB9uIu/XyatStk9Kzs31VL9ct5MnhySI3JCXHJB6uSaNEiTcPJAnsgzebEerVfrzXr/Gc1Z850D8gfWxzeI2pdu</latexit>

loop �1
12

<latexit sha1_base64="94eLnUEHij8wVKDTeiGkyNl6u4o=">AAAB/nicdVDLSgNBEJz1bXxFPXoZDIKnZScJ2XgTvXhUMCaQxNA7tjo4+2CmVwhLwK/wqidv4tVf8eC/uBsjqGidiqpuurqCRCtLnvfmTE3PzM7NLyyWlpZXVtfK6xtnNk6NxJaMdWw6AVjUKsIWKdLYSQxCGGhsBzeHhd++RWNVHJ3SMMF+CFeRulQSKJd6vQAJBpmojs7FoFzx3JrvNZp17rm+8P1GQcSeqNeqXLjeGBU2wfGg/N67iGUaYkRSg7Vd4SXUz8CQkhpHpV5qMQF5A1fYzWkEIdp+Ns484jupBYp5goYrzccift/IILR2GAb5ZAh0bX97hfiX103pstnPVJSkhJEsDpHSOD5kpVF5GcgvlEEiKJIjVxGXYIAIjeIgZS6meTulvI+vp/n/5KzqiprrndQr+weTZhbYFttmu0wwn+2zI3bMWkyyhN2zB/bo3DlPzrPz8jk65Ux2NtkPOK8flRKWCg==</latexit>

�
<latexit sha1_base64="iW1iapzh//+3hM6i69ukYhm0gp8=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTYJuLmJXjwqGBNIQuiddOKQ2QczvYIsfoRXPXkTr36NB//FSYygonUqqqrp7ooyrSwJ8ebNzS8sLi2vrJbW1jc2t8rbO1c2zY3Epkx1atoRWNQqwSYp0tjODEIcaWxF49OJ37pBY1WaXNJthr0YRokaKgnkpFZXu+gA+uWK8Bu1etAIufDrYaNarTkiQhFWQx74YooKm+G8X37vDlKZx5iQ1GBtJxAZ9QowpKTGu1I3t5iBHMMIO44mEKPtFdNz7/hBboFSnqHhSvOpiN8nCoitvY0jl4yBru1vbyL+5XVyGoa9QiVZTpjIySJSGqeLrDTK9YB8oAwSweRy5CrhEgwQoVEcpHRi7oopuT6+nub/k6uqH9R8cVGvHJ/Mmllhe2yfHbKAHbFjdsbOWZNJNmb37IE9eoX35D17L5/ROW82s8t+wHv9AHpflFw=</latexit>

positive  
pert.

� >
3

640

g2⇤
16⇡2

✓
E

M

◆8

<latexit sha1_base64="r3la9/5cqZSa2MyzXaDjWMYh6hQ="></latexit>

�
<latexit sha1_base64="iW1iapzh//+3hM6i69ukYhm0gp8=">AAAB+XicdVDLSgNBEJz1bXxFPXoZDIKnZTYJuLmJXjwqGBNIQuiddOKQ2QczvYIsfoRXPXkTr36NB//FSYygonUqqqrp7ooyrSwJ8ebNzS8sLi2vrJbW1jc2t8rbO1c2zY3Epkx1atoRWNQqwSYp0tjODEIcaWxF49OJ37pBY1WaXNJthr0YRokaKgnkpFZXu+gA+uWK8Bu1etAIufDrYaNarTkiQhFWQx74YooKm+G8X37vDlKZx5iQ1GBtJxAZ9QowpKTGu1I3t5iBHMMIO44mEKPtFdNz7/hBboFSnqHhSvOpiN8nCoitvY0jl4yBru1vbyL+5XVyGoa9QiVZTpjIySJSGqeLrDTK9YB8oAwSweRy5CrhEgwQoVEcpHRi7oopuT6+nub/k6uqH9R8cVGvHJ/Mmllhe2yfHbKAHbFjdsbOWZNJNmb37IE9eoX35D17L5/ROW82s8t+wHv9AHpflFw=</latexit>

L = g2⇤(�
⇤$@�)2

<latexit sha1_base64="LvfepzMHSFdoBgeZASEd+Mw3nYc="></latexit>

a
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c4
<latexit sha1_base64="GAOvKF1vQx0jWQv32qYBFjdJ4cw=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZEgjKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrdiUB9UqnbNzsEWiVOQKhRoDipf/WEoYh8DEoob03PsiNyEa5JC4azcjw1GXEz4GHspDbiPxk3yqDN2HBtOIYtQM6lYLuLvjYT7xkx9L530Od2beS8T//N6MY0u3EQGUUwYiOwQSYX5ISO0TDtANpQaiXiWHJkMmOCaE6GWjAuRinFaSjntw5n/fpG0T2vOWc2+qVcbl0UzJTiEIzgBB86hAdfQhBYIGMMTPMOL9Wi9Wm/W+8/oklXsHMAfWB/flqmSFQ==</latexit>

c4
<latexit sha1_base64="GAOvKF1vQx0jWQv32qYBFjdJ4cw=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZEgjKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrdiUB9UqnbNzsEWiVOQKhRoDipf/WEoYh8DEoob03PsiNyEa5JC4azcjw1GXEz4GHspDbiPxk3yqDN2HBtOIYtQM6lYLuLvjYT7xkx9L530Od2beS8T//N6MY0u3EQGUUwYiOwQSYX5ISO0TDtANpQaiXiWHJkMmOCaE6GWjAuRinFaSjntw5n/fpG0T2vOWc2+qVcbl0UzJTiEIzgBB86hAdfQhBYIGMMTPMOL9Wi9Wm/W+8/oklXsHMAfWB/flqmSFQ==</latexit>

c6,4
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or a single R
4/f 4s

T
that gives e⌃(n2s)

E2.⇤2 ⇠ m4s�2n/f 4s. Then, for n  2s� 2 Eq. (2.22) reads:

�L�
4 : �L

1

m2n
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⇤4

m2n+4
(2.23)

R
4/f 4s

T
:

m4s�2n

f 4s
& ⇤4m4s�2n

m4f 4s
(2.24)

so that in either theory

m & ⇤ (2.25)

in contradiction with the very assumption that the EFT has a well-defined range of validity!

More generally, we expect (2.23) and such a conclusion to hold true when the IR contribution

in e⌃(n)
⇤2 is retained, except that �L is evaluated at ⇤ rather than at m as discussed in footnote

14.

2.3 Constraints on spin-3

As an example of the general arguments given above, we focus here on the spin-3 case and

the interactions in Eq. (1.31). The non-vanishing elastic residues at the crossing-symmetric

point µ2 = 2m2 read

⌃V V

IR
=

16

75m4
(�2�1 + 7�2 + 6�3) > 0 , ⌃V S

IR
= �

16

75m4
(3�1 � 4�2) > 0

⌃V V
0

IR
= �

32

225m4
(3�1 � 5�2) > 0 , ⌃V H

IR
=

8

15m4
�2 > 0 (2.26)

⌃SS

IR
= �
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25m4
(�1 � 2�2 � 2�3) > 0 , ⌃SH

IR
= �

2

15m4
(3�1 � 7�2) > 0

⌃HH

IR
=

1

3m4
(�1 + 2�2 + 6�3) > 0

while TX ! TX gives ⇠ O(s) forward amplitudes for any state X (O(s0) for X = T )

and have vanishing residue. The positivity constraints for S, V,H helicities Eq. (2.16) selects

the blue (yellow) regions for n = 2(4) in Fig. 2. Moreover, generic linear combinations of

polarizations X1X2
! X1X2 with X1,2

µ⌫⇢
=

P7
i=1 x

1,2
i
✏i
µ⌫⇢

and
P7

i=1 x
1,2
i
x1,2
i

= 1, lead to more

constraints (indeed ⌃XY

IR
is not just a linear combination of Eq. (2.26) but it includes inelastic

residues summed into an elastic combination). These are linear in ~� = (�1,�2,�3) and can

be written as ⌃XY

IR
⌘ ~F (µ2, ~x1, ~x2) · ~� > 0 for a certain function ~F , that has to hold for any

µ2
2 [0, 4m2] and polarizations ~x1,2. With 12 free variables x1,2

i
and only 3 coe�cients �i, we

find numerically a finite set of points {µ2
n
, ~xn, ~yn} implying the positivity constraints shown

in red in Fig. (2). The lack of overlap between the two red and blue regions implies that the

theory with an infrared dominating potential is inconsistent.

So, surprisingly, the leading interactions Eq. (1.31) are incompatible with positivity when

all helicity amplitudes are taken into account. This doesn’t mean that the entire HS formu-

lation is inconsistent, but implies that the leading consistent interactions are not those of

18
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Figure 2: Allowed regions of the coe�cients �1,�2 as function of the sign of �3. Blue: result

from scattering of linear-definite polarizations Eq. (2.26). Red: result from ⌃(2)
IR > 0 by

scattering di↵erent choices of linear combination of polarizations. Yellow: result from ⌃(4)
IR >

0 by scattering only linear-definite polarizations. The dotted line correspond to the tuning

�1 = �2 = ��3 in Eq. (2.8).

Eq. (1.31), but must be more irrelevant.16 As a matter of fact, more irrelevant interactions

L =
X

p

�(p)
L

@p

⇤p
�4 = �(0)

L
�4 +

�(2)
L

⇤2
@2�4 +

�(4)
L

⇤4
@4�4

· · · (2.27)

lead to even stronger bounds: up to O(1) factors, Eq. (2.18) gives

⇤ . m

 
16⇡2

�(p)
L

! 1
8s�4+p

= ⇤sc

8s�4+p
(General) , ⇤ . m

 
16⇡2

�(p)
L

! 1
8s�6+p

= ⇤sc

8s�6+p
(Tuned)

(2.28)

always stronger than the analog bound in the theory without derivatives Eq. (2.20): ⇤sc

8s�4+p
<

⇤sc

8s�4 (⇤sc

8s�6+p
< ⇤sc

8s�6 for the tuned case).

We have studied numerically the 24-dimensional parameter space of operators of the form

@2�4 looking for combinations that satisfy the simple positivity bound ⌃(n) > 0 for n =

2, 4, 6 for all elastic amplitudes. We find that no linear combination passes all positivity

requirements. This suggests that the most important unitarity-consistent self-interaction at

low energy is actually much more irrelevant than naively anticipated, hence leading to even

more stringent Beyond Positivity bounds. For illustration we show the bound Eq. (2.28) for

operators p = 4 as a dot-dashed line in the left panel of Fig. 1. With similar tools, we have

analysed few of the many contractions R
4, without finding any combination that passes all

the simple positivity bounds. This is certainly very intriguing and we leave for future studies

a systematic discussion of more irrelevant operators.

16
The interactions of Eq. (1.31) can still be present, but they must be subdominant or at most comparable

in the IR; since they are the most relevant, they are also subdominant at higher energy. Keeping them does

not change our qualitative conclusions.
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perturbation:

J=3

Most relevant interactions, perturbed by mass, not positive, excluded
(many helicities, one perturbation = many constraints)

richer perturbation would be ok
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so that in either theory
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in contradiction with the very assumption that the EFT has a well-defined range of validity!

More generally, we expect (2.23) and such a conclusion to hold true when the IR contribution

in e⌃(n)
⇤2 is retained, except that �L is evaluated at ⇤ rather than at m as discussed in footnote

14.

2.3 Constraints on spin-3

As an example of the general arguments given above, we focus here on the spin-3 case and

the interactions in Eq. (1.31). The non-vanishing elastic residues at the crossing-symmetric

point µ2 = 2m2 read

⌃V V

IR
=

16

75m4
(�2�1 + 7�2 + 6�3) > 0 , ⌃V S

IR
= �

16

75m4
(3�1 � 4�2) > 0

⌃V V
0

IR
= �

32

225m4
(3�1 � 5�2) > 0 , ⌃V H

IR
=

8

15m4
�2 > 0 (2.26)

⌃SS

IR
= �

18

25m4
(�1 � 2�2 � 2�3) > 0 , ⌃SH

IR
= �

2

15m4
(3�1 � 7�2) > 0

⌃HH

IR
=

1

3m4
(�1 + 2�2 + 6�3) > 0

while TX ! TX gives ⇠ O(s) forward amplitudes for any state X (O(s0) for X = T )

and have vanishing residue. The positivity constraints for S, V,H helicities Eq. (2.16) selects

the blue (yellow) regions for n = 2(4) in Fig. 2. Moreover, generic linear combinations of

polarizations X1X2
! X1X2 with X1,2

µ⌫⇢
=

P7
i=1 x

1,2
i
✏i
µ⌫⇢

and
P7

i=1 x
1,2
i
x1,2
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= 1, lead to more

constraints (indeed ⌃XY

IR
is not just a linear combination of Eq. (2.26) but it includes inelastic

residues summed into an elastic combination). These are linear in ~� = (�1,�2,�3) and can

be written as ⌃XY

IR
⌘ ~F (µ2, ~x1, ~x2) · ~� > 0 for a certain function ~F , that has to hold for any

µ2
2 [0, 4m2] and polarizations ~x1,2. With 12 free variables x1,2

i
and only 3 coe�cients �i, we

find numerically a finite set of points {µ2
n
, ~xn, ~yn} implying the positivity constraints shown

in red in Fig. (2). The lack of overlap between the two red and blue regions implies that the

theory with an infrared dominating potential is inconsistent.

So, surprisingly, the leading interactions Eq. (1.31) are incompatible with positivity when

all helicity amplitudes are taken into account. This doesn’t mean that the entire HS formu-

lation is inconsistent, but implies that the leading consistent interactions are not those of
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Figure 1: LEFT: Di↵erent strong-coupling scales for s = 3 as function of
p
�L in Eq. (1.31)

or Eq. (2.27). For E & m the interaction strength increases at high energy; the S(V ) po-

larizations are strongly coupled at ⇤sc

12(⇤
sc

8 ) generically (solid lines) or at ⇤sc

10(⇤
sc

6 ) for the

tuned theory (dashed lines). Beyond positivity bounds for the �L�4
interaction (dotted) and

�L@4�4/⇤4
(dot-dashed): this represents the maximal cuto↵ ⇤ of the theory, well below the

strong-coupling scales. RIGHT: similar energy scales and beyond positivity bounds for the R
4

interaction as function of m (solid line for s=3, dotted for s ! 1).

with a similar cancellation for helicity-1 amplitudes, see Table 1. This tuning corresponds to

the combination
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and is analogous to what happens in the theory of massive gravity [6, 19] where it leads to

the raising of the strong-coupling scale from ⇤5 to ⇤3. The existence of the tuned potential

confirms the conjecture on the largest strong-coupling scale of Ref. [33], for s = 3.

The high-energy limit,

m ! 0 , �L ! 0 , ⇤sc

10 = fixed , (2.9)
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that are most relevant for E < ⇤sc

10, where the tuned EFT is valid. Here only the S and V

helicities are interacting (with each other) while the others become free as m ! 0.

The tuning of the potential Eq. (2.8) can be understood in terms of the Goldstone field ⇡:

an interaction �4 corresponds to ⇠ (@3⇡)4, but the specific combination appearing in Eq. (2.8)
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and is analogous to what happens in the theory of massive gravity [6, 19] where it leads to

the raising of the strong-coupling scale from ⇤5 to ⇤3. The existence of the tuned potential

confirms the conjecture on the largest strong-coupling scale of Ref. [33], for s = 3.

The high-energy limit,
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helicities are interacting (with each other) while the others become free as m ! 0.
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in contradiction with the very assumption that the EFT has a well-defined range of validity!

More generally, we expect (2.23) and such a conclusion to hold true when the IR contribution
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⇤2 is retained, except that �L is evaluated at ⇤ rather than at m as discussed in footnote
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and only 3 coe�cients �i, we

find numerically a finite set of points {µ2
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, ~xn, ~yn} implying the positivity constraints shown

in red in Fig. (2). The lack of overlap between the two red and blue regions implies that the

theory with an infrared dominating potential is inconsistent.

So, surprisingly, the leading interactions Eq. (1.31) are incompatible with positivity when

all helicity amplitudes are taken into account. This doesn’t mean that the entire HS formu-
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and is analogous to what happens in the theory of massive gravity [6, 19] where it leads to

the raising of the strong-coupling scale from ⇤5 to ⇤3. The existence of the tuned potential
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helicities are interacting (with each other) while the others become free as m ! 0.
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Bounds

Bounds

HS mass at cutoff (J>>1)…just like in QCD, atoms, strings…

Figure 1: LEFT: Di↵erent strong-coupling scales for s = 3 as function of
p
�L in Eq. (1.31)

or Eq. (2.27). For E & m the interaction strength increases at high energy; the S(V ) po-

larizations are strongly coupled at ⇤sc

12(⇤
sc

8 ) generically (solid lines) or at ⇤sc

10(⇤
sc

6 ) for the

tuned theory (dashed lines). Beyond positivity bounds for the �L�4
interaction (dotted) and

�L@4�4/⇤4
(dot-dashed): this represents the maximal cuto↵ ⇤ of the theory, well below the

strong-coupling scales. RIGHT: similar energy scales and beyond positivity bounds for the R
4

interaction as function of m (solid line for s=3, dotted for s ! 1).

with a similar cancellation for helicity-1 amplitudes, see Table 1. This tuning corresponds to

the combination

� �L�
4 = ��3✏µ1µ2µ3µ4✏⌫1⌫2⌫3⌫4�

µ1⌫1��µ2⌫2
�
�µ3⌫3⇢�µ4⌫4

⇢
(2.8)

and is analogous to what happens in the theory of massive gravity [6, 19] where it leads to

the raising of the strong-coupling scale from ⇤5 to ⇤3. The existence of the tuned potential

confirms the conjecture on the largest strong-coupling scale of Ref. [33], for s = 3.

The high-energy limit,

m ! 0 , �L ! 0 , ⇤sc

10 = fixed , (2.9)

selects the interactions

8�3

m10
✏µ1µ2µ3µ4✏⌫1⌫2⌫3⌫4

h
@⇢F̂µ2⌫2@

⇢F̂⌫1µ1 @µ3⌫3�⇡̂ @ �

µ4⌫4
⇡̂ + 2@�F̂µ2⌫2@

⇢F̂⌫1µ1 @µ3⌫3⇢⇡̂ @ �

µ4⌫4
⇡̂

�
1

25
⌘µ4⌫4@

�⇡̂@µ1⌫1�⇡̂@µ2⌫2⇢⇡̂@
⇢

µ3⌫3
⇡̂
i
,

(2.10)

that are most relevant for E < ⇤sc

10, where the tuned EFT is valid. Here only the S and V

helicities are interacting (with each other) while the others become free as m ! 0.

The tuning of the potential Eq. (2.8) can be understood in terms of the Goldstone field ⇡:

an interaction �4 corresponds to ⇠ (@3⇡)4, but the specific combination appearing in Eq. (2.8)
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Supersoft EFTs ≈E4n have no regime of usage 

Conclusion/Outlook

Supersoft EFTs ≈E4n+2 have small regime of usage 

IR running at all orders?
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I will discuss:

Revitalize Interference

Resurrect Interference

For          states have well defined helicity 
Amplitudes for 2➙2 with different total h don’t interfere

E � mW
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