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Massive Gravity in the Swampland



UV

naïve EFT (~swampland)

IR

energy

LIR
=
X

i

ci
Oi(x

)

⇤
��4

UV

QFT and String Swampland

xWhat’s the landscape of consistent EFTs?



UV

naïve EFT (~swampland)

IR

energy

LIR
=
X

i

ci
Oi(x

)

⇤
��4

UV

QFT and String Swampland

xWhat’s the landscape of consistent EFTs?

• Not every IR theory can be embedded in a consistent UV-theory

xwhat defines the boundary?

QFT-landscape

QFT



UV

naïve EFT (~swampland)

IR

energy

LIR
=
X

i

ci
Oi(x

)

⇤
��4

UV

QFT and String Swampland

xWhat’s the landscape of consistent EFTs?

• Not every IR theory can be embedded in a consistent UV-theory
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QFT and String Swampland

xWhat’s the landscape of consistent EFTs?

• Not every IR theory can be embedded in a consistent UV-theory

xwhat defines the boundary?

• This talk: massive gravity (and any isolated massive spin J>=2) is in the swampland
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t = 0



Moments: an analogy with stars

R
<latexit sha1_base64="cQnLnuiU4aCgfnBxeZAv2IFAmds="></latexit>

c0 =

Z R

0
dr⇢(r) = M > 0

<latexit sha1_base64="1EO1OjNAwrcDxpGoD20p69IfD00="></latexit>

c1 =

Z R

0
drr⇢(r) = m1MR > 0

<latexit sha1_base64="qRNusnMKeUSroZdlCfEg1k7dE3U="></latexit>

c2 =

Z R

0
drr2⇢(r) = m2MR2 > 0

…
<latexit sha1_base64="4IgaBFv9sLiZqhQ99HDk3YH0Ff0="></latexit>Z R

0
dr(R� r)3⇢(r) = MR3 (1� 3m1 + 3m2 �m3) > 0

<latexit sha1_base64="EdK1P4N9rMxOdlqjZrCHY4WOwIU=">AAACJHicbVDLSsNAFJ3UV62vWJduBovgqiSi6LLoxmUF+4A2hMnkph06eTAzEUvIr7hUP8aduHDjj7hxmmZhWy9cOJz7OPceL+FMKsv6Mipr6xubW9Xt2s7u3v6BeVjvyjgVFDo05rHoe0QCZxF0FFMc+okAEnocet7kdlbvPYKQLI4e1DQBJySjiAWMEqUp16xnw2JJ5vEUchy6du6aDatpFYFXgV2CBiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnltmEpICJ2QEQw0jEgI0skK2RyfasbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f027Zy96sgu55075sWvcXjdZN6VsVHaMTdIZsdIVa6A61UQdR9ISe0St6M16Md+PD+Jy3Voxy5ggthPH9CwPWpfY=</latexit>m1

<latexit sha1_base64="wU4d1DPhUpkqfg/LESTaYLgEJOM=">AAACJHicbVDLSsNAFJ34rPUV69LNYBFclaQouiy6cVnBPqANYTK5aYdOHsxMxBLyKy7Vj3EnLtz4I26cplnY1gsXDuc+zr3HSziTyrK+jLX1jc2t7cpOdXdv/+DQPKp1ZZwKCh0a81j0PSKBswg6iikO/UQACT0OPW9yO6v3HkFIFkcPapqAE5JRxAJGidKUa9ayYbEk83gKOQ7dZu6adathFYFXgV2COiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnl1mEpICJ2QEQw0jEgI0skK2RyfacbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f1W7Zy96sgm6zYV82rPuLeuum9K2CTtApOkc2ukItdIfaqIMoekLP6BW9GS/Gu/FhfM5b14xy5hgthPH9CwWEpfc=</latexit> m
2
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1

<latexit sha1_base64="5qZQwfA61AHh+M1ewnxLZoWXY58="></latexit>Z R

0
dr(R� r)2⇢(r) = MR2 (1� 2m1 +m2) > 0

<latexit sha1_base64="dmITbUsHAhUQQrTB1tHzRq6Pzak=">AAACVHicbVDLSsNAFJ2mVmt9VV26GSyCq5IURTdKqRuXFewD2hImk5t26EwSZiZCCfkfv8alj2/RhdPHwqZeuHA493HuPV7MmdK2/VWwilul7Z3ybmVv/+DwqHp80lVRIil0aMQj2feIAs5C6GimOfRjCUR4HHre9GFe772AVCwKn/UshpEg45AFjBJtKLfacu7S4WJN6vEEMuHa2T3OUU6GcxwWbiPDQ+5HWrnVml23F4E3gbMCNbSKtlv9HvoRTQSEmnKi1MCxYz1KidSMcsgqw0RBTOiUjGFgYEgEqFG6UM/whWF8HETSZKjxgv07kRKh1Ex4plMQPVH52pz8rzZIdHA7SlkYJxpCuhQKEo51hOfGYZ9JoJrPDCBUMnMrphMiCdXG3jUVZZ6agL/2SGqWKnN/xbjl5L3ZBN1G3bmu209XtWZr5VsZnaFzdIkcdIOa6BG1UQdR9Ire0Af6LLwXfqyiVVq2WoXVzClaC+vwF/4KtuU=</latexit>

1 = m0 > m1 > m2 . . .

double-sided bounds

<latexit sha1_base64="cc/5M+zUqdMUfpkmjYnGcbmWtEQ="></latexit>
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> 0

<latexit sha1_base64="3Bx4fGX514TLa2GUuIdr61YL8gc=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KomIuhGKblxWtA9oQ5lMbtqhk0mYuRFK6Ce4VD/Gnbj1A/wWN07bLGzrgYHDuffOPff4ieAaHefbKqysrq1vFDdLW9s7u3vl/YOmjlPFoMFiEau2TzUILqGBHAW0EwU08gW0/OHtpN56AqV5LB9xlIAX0b7kIWcUjfSA106vXHGqzhT2MnFzUiE56r3yTzeIWRqBRCao1h3XSdDLqELOBIxL3VRDQtmQ9qFjqKQRaC+bWh3bJ0YJ7DBW5km0p+rfiYxGWo8i33RGFAd6sTYR/6t1UgyvvIzLJEWQbLYoTIWNsT252w64AoZiZAhlihuvNhtQRRmadOa2aHPUAIK5QzLzqTb+SyYtdzGbZdI8q7oX1fP780rtJs+tSI7IMTklLrkkNXJH6qRBGOmTZ/JK3qwX6936sD5nrQUrnzkkc7C+fgGJ0J7l</latexit>

t = 0



Moments: an analogy with stars

R
<latexit sha1_base64="cQnLnuiU4aCgfnBxeZAv2IFAmds="></latexit>

c0 =

Z R

0
dr⇢(r) = M > 0

<latexit sha1_base64="1EO1OjNAwrcDxpGoD20p69IfD00="></latexit>

c1 =

Z R

0
drr⇢(r) = m1MR > 0

<latexit sha1_base64="qRNusnMKeUSroZdlCfEg1k7dE3U="></latexit>

c2 =

Z R

0
drr2⇢(r) = m2MR2 > 0
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<latexit sha1_base64="4IgaBFv9sLiZqhQ99HDk3YH0Ff0="></latexit>Z R

0
dr(R� r)3⇢(r) = MR3 (1� 3m1 + 3m2 �m3) > 0

<latexit sha1_base64="EdK1P4N9rMxOdlqjZrCHY4WOwIU=">AAACJHicbVDLSsNAFJ3UV62vWJduBovgqiSi6LLoxmUF+4A2hMnkph06eTAzEUvIr7hUP8aduHDjj7hxmmZhWy9cOJz7OPceL+FMKsv6Mipr6xubW9Xt2s7u3v6BeVjvyjgVFDo05rHoe0QCZxF0FFMc+okAEnocet7kdlbvPYKQLI4e1DQBJySjiAWMEqUp16xnw2JJ5vEUchy6du6aDatpFYFXgV2CBiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnltmEpICJ2QEQw0jEgI0skK2RyfasbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f027Zy96sgu55075sWvcXjdZN6VsVHaMTdIZsdIVa6A61UQdR9ISe0St6M16Md+PD+Jy3Voxy5ggthPH9CwPWpfY=</latexit>m1

<latexit sha1_base64="wU4d1DPhUpkqfg/LESTaYLgEJOM=">AAACJHicbVDLSsNAFJ34rPUV69LNYBFclaQouiy6cVnBPqANYTK5aYdOHsxMxBLyKy7Vj3EnLtz4I26cplnY1gsXDuc+zr3HSziTyrK+jLX1jc2t7cpOdXdv/+DQPKp1ZZwKCh0a81j0PSKBswg6iikO/UQACT0OPW9yO6v3HkFIFkcPapqAE5JRxAJGidKUa9ayYbEk83gKOQ7dZu6adathFYFXgV2COiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnl1mEpICJ2QEQw0jEgI0skK2RyfacbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f1W7Zy96sgm6zYV82rPuLeuum9K2CTtApOkc2ukItdIfaqIMoekLP6BW9GS/Gu/FhfM5b14xy5hgthPH9CwWEpfc=</latexit> m
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<latexit sha1_base64="5qZQwfA61AHh+M1ewnxLZoWXY58="></latexit>Z R
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dr(R� r)2⇢(r) = MR2 (1� 2m1 +m2) > 0

<latexit sha1_base64="dmITbUsHAhUQQrTB1tHzRq6Pzak=">AAACVHicbVDLSsNAFJ2mVmt9VV26GSyCq5IURTdKqRuXFewD2hImk5t26EwSZiZCCfkfv8alj2/RhdPHwqZeuHA493HuPV7MmdK2/VWwilul7Z3ybmVv/+DwqHp80lVRIil0aMQj2feIAs5C6GimOfRjCUR4HHre9GFe772AVCwKn/UshpEg45AFjBJtKLfacu7S4WJN6vEEMuHa2T3OUU6GcxwWbiPDQ+5HWrnVml23F4E3gbMCNbSKtlv9HvoRTQSEmnKi1MCxYz1KidSMcsgqw0RBTOiUjGFgYEgEqFG6UM/whWF8HETSZKjxgv07kRKh1Ex4plMQPVH52pz8rzZIdHA7SlkYJxpCuhQKEo51hOfGYZ9JoJrPDCBUMnMrphMiCdXG3jUVZZ6agL/2SGqWKnN/xbjl5L3ZBN1G3bmu209XtWZr5VsZnaFzdIkcdIOa6BG1UQdR9Ire0Af6LLwXfqyiVVq2WoXVzClaC+vwF/4KtuU=</latexit>

1 = m0 > m1 > m2 . . .

double-sided bounds

<latexit sha1_base64="cc/5M+zUqdMUfpkmjYnGcbmWtEQ="></latexit>
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> 0

<latexit sha1_base64="3Bx4fGX514TLa2GUuIdr61YL8gc=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KomIuhGKblxWtA9oQ5lMbtqhk0mYuRFK6Ce4VD/Gnbj1A/wWN07bLGzrgYHDuffOPff4ieAaHefbKqysrq1vFDdLW9s7u3vl/YOmjlPFoMFiEau2TzUILqGBHAW0EwU08gW0/OHtpN56AqV5LB9xlIAX0b7kIWcUjfSA106vXHGqzhT2MnFzUiE56r3yTzeIWRqBRCao1h3XSdDLqELOBIxL3VRDQtmQ9qFjqKQRaC+bWh3bJ0YJ7DBW5km0p+rfiYxGWo8i33RGFAd6sTYR/6t1UgyvvIzLJEWQbLYoTIWNsT252w64AoZiZAhlihuvNhtQRRmadOa2aHPUAIK5QzLzqTb+SyYtdzGbZdI8q7oX1fP780rtJs+tSI7IMTklLrkkNXJH6qRBGOmTZ/JK3qwX6936sD5nrQUrnzkkc7C+fgGJ0J7l</latexit>

t = 0



Moments: an analogy with stars

R
<latexit sha1_base64="cQnLnuiU4aCgfnBxeZAv2IFAmds="></latexit>

c0 =

Z R

0
dr⇢(r) = M > 0

<latexit sha1_base64="1EO1OjNAwrcDxpGoD20p69IfD00="></latexit>

c1 =

Z R

0
drr⇢(r) = m1MR > 0

<latexit sha1_base64="qRNusnMKeUSroZdlCfEg1k7dE3U="></latexit>

c2 =

Z R

0
drr2⇢(r) = m2MR2 > 0

…

>0

<latexit sha1_base64="4IgaBFv9sLiZqhQ99HDk3YH0Ff0="></latexit>Z R

0
dr(R� r)3⇢(r) = MR3 (1� 3m1 + 3m2 �m3) > 0

<latexit sha1_base64="N95LcmOm7yLe6T3MAhpogK4mld0="></latexit>Z R

0
dr(R� r)4⇢(r) = MR4 (1� 4m1 + 6m2 � 4m3 +m4) > 0

<latexit sha1_base64="EdK1P4N9rMxOdlqjZrCHY4WOwIU=">AAACJHicbVDLSsNAFJ3UV62vWJduBovgqiSi6LLoxmUF+4A2hMnkph06eTAzEUvIr7hUP8aduHDjj7hxmmZhWy9cOJz7OPceL+FMKsv6Mipr6xubW9Xt2s7u3v6BeVjvyjgVFDo05rHoe0QCZxF0FFMc+okAEnocet7kdlbvPYKQLI4e1DQBJySjiAWMEqUp16xnw2JJ5vEUchy6du6aDatpFYFXgV2CBiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnltmEpICJ2QEQw0jEgI0skK2RyfasbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f027Zy96sgu55075sWvcXjdZN6VsVHaMTdIZsdIVa6A61UQdR9ISe0St6M16Md+PD+Jy3Voxy5ggthPH9CwPWpfY=</latexit>m1

<latexit sha1_base64="wU4d1DPhUpkqfg/LESTaYLgEJOM=">AAACJHicbVDLSsNAFJ34rPUV69LNYBFclaQouiy6cVnBPqANYTK5aYdOHsxMxBLyKy7Vj3EnLtz4I26cplnY1gsXDuc+zr3HSziTyrK+jLX1jc2t7cpOdXdv/+DQPKp1ZZwKCh0a81j0PSKBswg6iikO/UQACT0OPW9yO6v3HkFIFkcPapqAE5JRxAJGidKUa9ayYbEk83gKOQ7dZu6adathFYFXgV2COiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnl1mEpICJ2QEQw0jEgI0skK2RyfacbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f1W7Zy96sgm6zYV82rPuLeuum9K2CTtApOkc2ukItdIfaqIMoekLP6BW9GS/Gu/FhfM5b14xy5hgthPH9CwWEpfc=</latexit> m
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dr(R� r)2⇢(r) = MR2 (1� 2m1 +m2) > 0

<latexit sha1_base64="dmITbUsHAhUQQrTB1tHzRq6Pzak=">AAACVHicbVDLSsNAFJ2mVmt9VV26GSyCq5IURTdKqRuXFewD2hImk5t26EwSZiZCCfkfv8alj2/RhdPHwqZeuHA493HuPV7MmdK2/VWwilul7Z3ybmVv/+DwqHp80lVRIil0aMQj2feIAs5C6GimOfRjCUR4HHre9GFe772AVCwKn/UshpEg45AFjBJtKLfacu7S4WJN6vEEMuHa2T3OUU6GcxwWbiPDQ+5HWrnVml23F4E3gbMCNbSKtlv9HvoRTQSEmnKi1MCxYz1KidSMcsgqw0RBTOiUjGFgYEgEqFG6UM/whWF8HETSZKjxgv07kRKh1Ex4plMQPVH52pz8rzZIdHA7SlkYJxpCuhQKEo51hOfGYZ9JoJrPDCBUMnMrphMiCdXG3jUVZZ6agL/2SGqWKnN/xbjl5L3ZBN1G3bmu209XtWZr5VsZnaFzdIkcdIOa6BG1UQdR9Ire0Af6LLwXfqyiVVq2WoXVzClaC+vwF/4KtuU=</latexit>

1 = m0 > m1 > m2 . . .
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<latexit sha1_base64="cc/5M+zUqdMUfpkmjYnGcbmWtEQ="></latexit>
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<latexit sha1_base64="3Bx4fGX514TLa2GUuIdr61YL8gc=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KomIuhGKblxWtA9oQ5lMbtqhk0mYuRFK6Ce4VD/Gnbj1A/wWN07bLGzrgYHDuffOPff4ieAaHefbKqysrq1vFDdLW9s7u3vl/YOmjlPFoMFiEau2TzUILqGBHAW0EwU08gW0/OHtpN56AqV5LB9xlIAX0b7kIWcUjfSA106vXHGqzhT2MnFzUiE56r3yTzeIWRqBRCao1h3XSdDLqELOBIxL3VRDQtmQ9qFjqKQRaC+bWh3bJ0YJ7DBW5km0p+rfiYxGWo8i33RGFAd6sTYR/6t1UgyvvIzLJEWQbLYoTIWNsT252w64AoZiZAhlihuvNhtQRRmadOa2aHPUAIK5QzLzqTb+SyYtdzGbZdI8q7oX1fP780rtJs+tSI7IMTklLrkkNXJH6qRBGOmTZ/JK3qwX6936sD5nrQUrnzkkc7C+fgGJ0J7l</latexit>
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<latexit sha1_base64="cQnLnuiU4aCgfnBxeZAv2IFAmds="></latexit>

c0 =

Z R

0
dr⇢(r) = M > 0

<latexit sha1_base64="1EO1OjNAwrcDxpGoD20p69IfD00="></latexit>

c1 =

Z R

0
drr⇢(r) = m1MR > 0

<latexit sha1_base64="qRNusnMKeUSroZdlCfEg1k7dE3U="></latexit>

c2 =

Z R

0
drr2⇢(r) = m2MR2 > 0

…
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<latexit sha1_base64="4IgaBFv9sLiZqhQ99HDk3YH0Ff0="></latexit>Z R

0
dr(R� r)3⇢(r) = MR3 (1� 3m1 + 3m2 �m3) > 0
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<latexit sha1_base64="N95LcmOm7yLe6T3MAhpogK4mld0="></latexit>Z R

0
dr(R� r)4⇢(r) = MR4 (1� 4m1 + 6m2 � 4m3 +m4) > 0

<latexit sha1_base64="EdK1P4N9rMxOdlqjZrCHY4WOwIU=">AAACJHicbVDLSsNAFJ3UV62vWJduBovgqiSi6LLoxmUF+4A2hMnkph06eTAzEUvIr7hUP8aduHDjj7hxmmZhWy9cOJz7OPceL+FMKsv6Mipr6xubW9Xt2s7u3v6BeVjvyjgVFDo05rHoe0QCZxF0FFMc+okAEnocet7kdlbvPYKQLI4e1DQBJySjiAWMEqUp16xnw2JJ5vEUchy6du6aDatpFYFXgV2CBiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnltmEpICJ2QEQw0jEgI0skK2RyfasbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f027Zy96sgu55075sWvcXjdZN6VsVHaMTdIZsdIVa6A61UQdR9ISe0St6M16Md+PD+Jy3Voxy5ggthPH9CwPWpfY=</latexit>m1

<latexit sha1_base64="wU4d1DPhUpkqfg/LESTaYLgEJOM=">AAACJHicbVDLSsNAFJ34rPUV69LNYBFclaQouiy6cVnBPqANYTK5aYdOHsxMxBLyKy7Vj3EnLtz4I26cplnY1gsXDuc+zr3HSziTyrK+jLX1jc2t7cpOdXdv/+DQPKp1ZZwKCh0a81j0PSKBswg6iikO/UQACT0OPW9yO6v3HkFIFkcPapqAE5JRxAJGidKUa9ayYbEk83gKOQ7dZu6adathFYFXgV2COiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnl1mEpICJ2QEQw0jEgI0skK2RyfacbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f1W7Zy96sgm6zYV82rPuLeuum9K2CTtApOkc2ukItdIfaqIMoekLP6BW9GS/Gu/FhfM5b14xy5hgthPH9CwWEpfc=</latexit> m
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1 = m0 > m1 > m2 . . .

double-sided bounds

<latexit sha1_base64="cc/5M+zUqdMUfpkmjYnGcbmWtEQ="></latexit>
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0

ds

s

ImM2!2(s)

sn
> 0

<latexit sha1_base64="3Bx4fGX514TLa2GUuIdr61YL8gc=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KomIuhGKblxWtA9oQ5lMbtqhk0mYuRFK6Ce4VD/Gnbj1A/wWN07bLGzrgYHDuffOPff4ieAaHefbKqysrq1vFDdLW9s7u3vl/YOmjlPFoMFiEau2TzUILqGBHAW0EwU08gW0/OHtpN56AqV5LB9xlIAX0b7kIWcUjfSA106vXHGqzhT2MnFzUiE56r3yTzeIWRqBRCao1h3XSdDLqELOBIxL3VRDQtmQ9qFjqKQRaC+bWh3bJ0YJ7DBW5km0p+rfiYxGWo8i33RGFAd6sTYR/6t1UgyvvIzLJEWQbLYoTIWNsT252w64AoZiZAhlihuvNhtQRRmadOa2aHPUAIK5QzLzqTb+SyYtdzGbZdI8q7oX1fP780rtJs+tSI7IMTklLrkkNXJH6qRBGOmTZ/JK3qwX6936sD5nrQUrnzkkc7C+fgGJ0J7l</latexit>

t = 0



Moments: an analogy with stars

R
<latexit sha1_base64="cQnLnuiU4aCgfnBxeZAv2IFAmds="></latexit>

c0 =

Z R

0
dr⇢(r) = M > 0

<latexit sha1_base64="1EO1OjNAwrcDxpGoD20p69IfD00="></latexit>

c1 =

Z R

0
drr⇢(r) = m1MR > 0

<latexit sha1_base64="qRNusnMKeUSroZdlCfEg1k7dE3U="></latexit>

c2 =

Z R

0
drr2⇢(r) = m2MR2 > 0

…
…

>0

<latexit sha1_base64="4IgaBFv9sLiZqhQ99HDk3YH0Ff0="></latexit>Z R

0
dr(R� r)3⇢(r) = MR3 (1� 3m1 + 3m2 �m3) > 0

>0

<latexit sha1_base64="N95LcmOm7yLe6T3MAhpogK4mld0="></latexit>Z R

0
dr(R� r)4⇢(r) = MR4 (1� 4m1 + 6m2 � 4m3 +m4) > 0

<latexit sha1_base64="EdK1P4N9rMxOdlqjZrCHY4WOwIU=">AAACJHicbVDLSsNAFJ3UV62vWJduBovgqiSi6LLoxmUF+4A2hMnkph06eTAzEUvIr7hUP8aduHDjj7hxmmZhWy9cOJz7OPceL+FMKsv6Mipr6xubW9Xt2s7u3v6BeVjvyjgVFDo05rHoe0QCZxF0FFMc+okAEnocet7kdlbvPYKQLI4e1DQBJySjiAWMEqUp16xnw2JJ5vEUchy6du6aDatpFYFXgV2CBiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnltmEpICJ2QEQw0jEgI0skK2RyfasbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f027Zy96sgu55075sWvcXjdZN6VsVHaMTdIZsdIVa6A61UQdR9ISe0St6M16Md+PD+Jy3Voxy5ggthPH9CwPWpfY=</latexit>m1

<latexit sha1_base64="wU4d1DPhUpkqfg/LESTaYLgEJOM=">AAACJHicbVDLSsNAFJ34rPUV69LNYBFclaQouiy6cVnBPqANYTK5aYdOHsxMxBLyKy7Vj3EnLtz4I26cplnY1gsXDuc+zr3HSziTyrK+jLX1jc2t7cpOdXdv/+DQPKp1ZZwKCh0a81j0PSKBswg6iikO/UQACT0OPW9yO6v3HkFIFkcPapqAE5JRxAJGidKUa9ayYbEk83gKOQ7dZu6adathFYFXgV2COiqj7Zo/Qz+maQiRopxIObCtRDkZEYpRDnl1mEpICJ2QEQw0jEgI0skK2RyfacbHQSx0RgoX7N+JjIRSTkNPd4ZEjeVybUb+VxukKrh2MhYlqYKIzoWClGMV45kR2GcCqOJTDQgVTN+K6ZgIQpW2a0FF6qfG4C88kumlUt9f1W7Zy96sgm6zYV82rPuLeuum9K2CTtApOkc2ukItdIfaqIMoekLP6BW9GS/Gu/FhfM5b14xy5hgthPH9CwWEpfc=</latexit> m
2

10

1

non-linear bounds (EFT-hedron approach) = inf-many linear bounds

<latexit sha1_base64="5qZQwfA61AHh+M1ewnxLZoWXY58="></latexit>Z R

0
dr(R� r)2⇢(r) = MR2 (1� 2m1 +m2) > 0

<latexit sha1_base64="dmITbUsHAhUQQrTB1tHzRq6Pzak=">AAACVHicbVDLSsNAFJ2mVmt9VV26GSyCq5IURTdKqRuXFewD2hImk5t26EwSZiZCCfkfv8alj2/RhdPHwqZeuHA493HuPV7MmdK2/VWwilul7Z3ybmVv/+DwqHp80lVRIil0aMQj2feIAs5C6GimOfRjCUR4HHre9GFe772AVCwKn/UshpEg45AFjBJtKLfacu7S4WJN6vEEMuHa2T3OUU6GcxwWbiPDQ+5HWrnVml23F4E3gbMCNbSKtlv9HvoRTQSEmnKi1MCxYz1KidSMcsgqw0RBTOiUjGFgYEgEqFG6UM/whWF8HETSZKjxgv07kRKh1Ex4plMQPVH52pz8rzZIdHA7SlkYJxpCuhQKEo51hOfGYZ9JoJrPDCBUMnMrphMiCdXG3jUVZZ6agL/2SGqWKnN/xbjl5L3ZBN1G3bmu209XtWZr5VsZnaFzdIkcdIOa6BG1UQdR9Ire0Af6LLwXfqyiVVq2WoXVzClaC+vwF/4KtuU=</latexit>

1 = m0 > m1 > m2 . . .

double-sided bounds

<latexit sha1_base64="cc/5M+zUqdMUfpkmjYnGcbmWtEQ="></latexit>

M(n)
2!2

��
IR

=

Z 1

0

ds

s

ImM2!2(s)

sn
> 0

<latexit sha1_base64="3Bx4fGX514TLa2GUuIdr61YL8gc=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KomIuhGKblxWtA9oQ5lMbtqhk0mYuRFK6Ce4VD/Gnbj1A/wWN07bLGzrgYHDuffOPff4ieAaHefbKqysrq1vFDdLW9s7u3vl/YOmjlPFoMFiEau2TzUILqGBHAW0EwU08gW0/OHtpN56AqV5LB9xlIAX0b7kIWcUjfSA106vXHGqzhT2MnFzUiE56r3yTzeIWRqBRCao1h3XSdDLqELOBIxL3VRDQtmQ9qFjqKQRaC+bWh3bJ0YJ7DBW5km0p+rfiYxGWo8i33RGFAd6sTYR/6t1UgyvvIzLJEWQbLYoTIWNsT252w64AoZiZAhlihuvNhtQRRmadOa2aHPUAIK5QzLzqTb+SyYtdzGbZdI8q7oX1fP780rtJs+tSI7IMTklLrkkNXJH6qRBGOmTZ/JK3qwX6936sD5nrQUrnzkkc7C+fgGJ0J7l</latexit>

t = 0



1) all bounds  <—> all positive functions in [0,R] 

2) it’s possible to project on a finite subspace 

3) non-linear bounds= infinitely many linear 

back to the amplitude

main lessons so far:



<latexit sha1_base64="bKReAG7HnRqW624W4UtOELNIBKs=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgxjJTFN0IRTcuK9gHtGPJZNI2NMkMSUYoQz/Cpfox7sStS7/FjWk7C9t6IHA4997cc08Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTurNJ6o0i+SDGcXUF7gvWY8RbKzUvNZnFfFY6RZLbtmdAi0TLyMlyFDrFn86YUQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjq1O0YnVglRL1L2SYOm6t+JFAutRyKwnQKbgV6sTcT/au3E9K78lMk4MVSS2aJewpGJ0OR2FDJFieEjSzBRzHpFZIAVJsYmNLdF26MGNJw7JLWfauu/YNPyFrNZJo1K2bsou/fnpepNllsejuAYTsGDS6jCHdSgDgSG8Ayv8Oa8OO/Oh/M5a8052cwhzMH5+gUWyqAz</latexit>

= s� 2m2t=0

Moments=Arcs

“Arcs” IR-rep.
<latexit sha1_base64="JV17/LXVjmKKA+way+hom3U5gDY=">AAACHnicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl040oq2Ac0sUwmN+3QySTMTIQS+h8u1Y9xJ271W9w4abOwrQcGDufeO/fc4yecKW3b31ZpZXVtfaO8Wdna3tndq+4ftFWcSgotGvNYdn2igDMBLc00h24igUQ+h44/usnrnSeQisXiQY8T8CIyECxklGgjPQqXCTcieuj72d2kX63ZdXsKvEycgtRQgWa/+uMGMU0jEJpyolTPsRPtZURqRjlMKm6qICF0RAbQM1SQCJSXTV1P8IlRAhzG0jyh8VT9O5GRSKlx5JvO3KFarOXif7VeqsMrL2MiSTUIOlsUphzrGOcR4IBJoJqPDSFUMuMV0yGRhGoT1NwWZY4aQjB3SGY+VcZ/xaTlLGazTNpndeeibt+f1xrXRW5ldISO0Sly0CVqoFvURC1EkUTP6BW9WS/Wu/Vhfc5aS1Yxc4jmYH39AlUQpB4=</latexit>

n 2 N



<latexit sha1_base64="bKReAG7HnRqW624W4UtOELNIBKs=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgxjJTFN0IRTcuK9gHtGPJZNI2NMkMSUYoQz/Cpfox7sStS7/FjWk7C9t6IHA4997cc08Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTurNJ6o0i+SDGcXUF7gvWY8RbKzUvNZnFfFY6RZLbtmdAi0TLyMlyFDrFn86YUQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjq1O0YnVglRL1L2SYOm6t+JFAutRyKwnQKbgV6sTcT/au3E9K78lMk4MVSS2aJewpGJ0OR2FDJFieEjSzBRzHpFZIAVJsYmNLdF26MGNJw7JLWfauu/YNPyFrNZJo1K2bsou/fnpepNllsejuAYTsGDS6jCHdSgDgSG8Ayv8Oa8OO/Oh/M5a8052cwhzMH5+gUWyqAz</latexit>

= s� 2m2t=0

Moments=Arcs

UV-rep.

<latexit sha1_base64="g1BAiArhSNdcCAsZSN7fLs7tmM8="></latexit>

=
1

ŝ2n+2

Z 1

0
xndµ(x, ŝ)

“Arcs” IR-rep.
<latexit sha1_base64="JV17/LXVjmKKA+way+hom3U5gDY=">AAACHnicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl040oq2Ac0sUwmN+3QySTMTIQS+h8u1Y9xJ271W9w4abOwrQcGDufeO/fc4yecKW3b31ZpZXVtfaO8Wdna3tndq+4ftFWcSgotGvNYdn2igDMBLc00h24igUQ+h44/usnrnSeQisXiQY8T8CIyECxklGgjPQqXCTcieuj72d2kX63ZdXsKvEycgtRQgWa/+uMGMU0jEJpyolTPsRPtZURqRjlMKm6qICF0RAbQM1SQCJSXTV1P8IlRAhzG0jyh8VT9O5GRSKlx5JvO3KFarOXif7VeqsMrL2MiSTUIOlsUphzrGOcR4IBJoJqPDSFUMuMV0yGRhGoT1NwWZY4aQjB3SGY+VcZ/xaTlLGazTNpndeeibt+f1xrXRW5ldISO0Sly0CVqoFvURC1EkUTP6BW9WS/Wu/Vhfc5aS1Yxc4jmYH39AlUQpB4=</latexit>

n 2 N



<latexit sha1_base64="bKReAG7HnRqW624W4UtOELNIBKs=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgxjJTFN0IRTcuK9gHtGPJZNI2NMkMSUYoQz/Cpfox7sStS7/FjWk7C9t6IHA4997cc08Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTurNJ6o0i+SDGcXUF7gvWY8RbKzUvNZnFfFY6RZLbtmdAi0TLyMlyFDrFn86YUQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjq1O0YnVglRL1L2SYOm6t+JFAutRyKwnQKbgV6sTcT/au3E9K78lMk4MVSS2aJewpGJ0OR2FDJFieEjSzBRzHpFZIAVJsYmNLdF26MGNJw7JLWfauu/YNPyFrNZJo1K2bsou/fnpepNllsejuAYTsGDS6jCHdSgDgSG8Ayv8Oa8OO/Oh/M5a8052cwhzMH5+gUWyqAz</latexit>

= s� 2m2t=0

Moments=Arcs

UV-rep.

<latexit sha1_base64="g1BAiArhSNdcCAsZSN7fLs7tmM8="></latexit>

=
1

ŝ2n+2

Z 1

0
xndµ(x, ŝ)

theory space = most general positive function in [0,1]
<latexit sha1_base64="KQOlrwgXajvrXQhGsuRJPD9MN8Q=">AAACJ3icbVC7TsMwFHV4lvIKICYWiwqpLFWCQDBWsDAWiT6kJkSO47RWbSeyHUQV9WMYgY9hQzDyHSy4bQbaciXLR+e+zj1hyqjSjvNlLS2vrK6tlzbKm1vbO7v23n5LJZnEpIkTlshOiBRhVJCmppqRTioJ4iEj7XBwM863H4lUNBH3epgSn6OeoDHFSBsqsA89KnTgPLgwrj6dwsjjmfkDu+LUnEnAReAWoAKKaAT2jxclOONEaMyQUl3XSbWfI6kpZmRU9jJFUoQHqEe6BgrEifLzifwRPDFMBONEmic0nLB/O3LElRry0FRypPtqPjcm/8t1Mx1f+TkVaaaJwNNFccagTuDYCxhRSbBmQwMQltRohbiPJMLaODazRZmj+iSaOSQ3Q5XRXzZuufPeLILWWc29qDl355X6deFbCRyBY1AFLrgEdXALGqAJMMjBM3gFb9aL9W59WJ/T0iWr6DkAM2F9/wKFn6WD</latexit>Z 1

0
f(x)dµ(x)

>0

“Arcs” IR-rep.
<latexit sha1_base64="JV17/LXVjmKKA+way+hom3U5gDY=">AAACHnicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl040oq2Ac0sUwmN+3QySTMTIQS+h8u1Y9xJ271W9w4abOwrQcGDufeO/fc4yecKW3b31ZpZXVtfaO8Wdna3tndq+4ftFWcSgotGvNYdn2igDMBLc00h24igUQ+h44/usnrnSeQisXiQY8T8CIyECxklGgjPQqXCTcieuj72d2kX63ZdXsKvEycgtRQgWa/+uMGMU0jEJpyolTPsRPtZURqRjlMKm6qICF0RAbQM1SQCJSXTV1P8IlRAhzG0jyh8VT9O5GRSKlx5JvO3KFarOXif7VeqsMrL2MiSTUIOlsUphzrGOcR4IBJoJqPDSFUMuMV0yGRhGoT1NwWZY4aQjB3SGY+VcZ/xaTlLGazTNpndeeibt+f1xrXRW5ldISO0Sly0CVqoFvURC1EkUTP6BW9WS/Wu/Vhfc5aS1Yxc4jmYH39AlUQpB4=</latexit>

n 2 N

>0

<latexit sha1_base64="Wh/AwVsTFnHOEtyQFi4xrLUNMtY="></latexit>

f(x) =
X

n,m

xm(1� x)n�mcnm

>0
Bernstein pol.



All bounds: 
<latexit sha1_base64="4sijA0SMFQg1qidj6FIsuYm6XRk="></latexit>

1

ŝ2n+2

Z 1

0
xn(1� x)kdµ(x, ŝ) > 0

<latexit sha1_base64="bKReAG7HnRqW624W4UtOELNIBKs=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgxjJTFN0IRTcuK9gHtGPJZNI2NMkMSUYoQz/Cpfox7sStS7/FjWk7C9t6IHA4997cc08Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTurNJ6o0i+SDGcXUF7gvWY8RbKzUvNZnFfFY6RZLbtmdAi0TLyMlyFDrFn86YUQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjq1O0YnVglRL1L2SYOm6t+JFAutRyKwnQKbgV6sTcT/au3E9K78lMk4MVSS2aJewpGJ0OR2FDJFieEjSzBRzHpFZIAVJsYmNLdF26MGNJw7JLWfauu/YNPyFrNZJo1K2bsou/fnpepNllsejuAYTsGDS6jCHdSgDgSG8Ayv8Oa8OO/Oh/M5a8052cwhzMH5+gUWyqAz</latexit>

= s� 2m2t=0

Moments=Arcs

UV-rep.

<latexit sha1_base64="g1BAiArhSNdcCAsZSN7fLs7tmM8="></latexit>

=
1

ŝ2n+2

Z 1

0
xndµ(x, ŝ)

theory space = most general positive function in [0,1]
<latexit sha1_base64="KQOlrwgXajvrXQhGsuRJPD9MN8Q=">AAACJ3icbVC7TsMwFHV4lvIKICYWiwqpLFWCQDBWsDAWiT6kJkSO47RWbSeyHUQV9WMYgY9hQzDyHSy4bQbaciXLR+e+zj1hyqjSjvNlLS2vrK6tlzbKm1vbO7v23n5LJZnEpIkTlshOiBRhVJCmppqRTioJ4iEj7XBwM863H4lUNBH3epgSn6OeoDHFSBsqsA89KnTgPLgwrj6dwsjjmfkDu+LUnEnAReAWoAKKaAT2jxclOONEaMyQUl3XSbWfI6kpZmRU9jJFUoQHqEe6BgrEifLzifwRPDFMBONEmic0nLB/O3LElRry0FRypPtqPjcm/8t1Mx1f+TkVaaaJwNNFccagTuDYCxhRSbBmQwMQltRohbiPJMLaODazRZmj+iSaOSQ3Q5XRXzZuufPeLILWWc29qDl355X6deFbCRyBY1AFLrgEdXALGqAJMMjBM3gFb9aL9W59WJ/T0iWr6DkAM2F9/wKFn6WD</latexit>Z 1

0
f(x)dµ(x)

>0

“Arcs” IR-rep.
<latexit sha1_base64="JV17/LXVjmKKA+way+hom3U5gDY=">AAACHnicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl040oq2Ac0sUwmN+3QySTMTIQS+h8u1Y9xJ271W9w4abOwrQcGDufeO/fc4yecKW3b31ZpZXVtfaO8Wdna3tndq+4ftFWcSgotGvNYdn2igDMBLc00h24igUQ+h44/usnrnSeQisXiQY8T8CIyECxklGgjPQqXCTcieuj72d2kX63ZdXsKvEycgtRQgWa/+uMGMU0jEJpyolTPsRPtZURqRjlMKm6qICF0RAbQM1SQCJSXTV1P8IlRAhzG0jyh8VT9O5GRSKlx5JvO3KFarOXif7VeqsMrL2MiSTUIOlsUphzrGOcR4IBJoJqPDSFUMuMV0yGRhGoT1NwWZY4aQjB3SGY+VcZ/xaTlLGazTNpndeeibt+f1xrXRW5ldISO0Sly0CVqoFvURC1EkUTP6BW9WS/Wu/Vhfc5aS1Yxc4jmYH39AlUQpB4=</latexit>

n 2 N

>0

<latexit sha1_base64="Wh/AwVsTFnHOEtyQFi4xrLUNMtY="></latexit>

f(x) =
X

n,m

xm(1� x)n�mcnm

>0
Bernstein pol.



All bounds: 
<latexit sha1_base64="4sijA0SMFQg1qidj6FIsuYm6XRk="></latexit>

1

ŝ2n+2

Z 1

0
xn(1� x)kdµ(x, ŝ) > 0

<latexit sha1_base64="bKReAG7HnRqW624W4UtOELNIBKs=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgxjJTFN0IRTcuK9gHtGPJZNI2NMkMSUYoQz/Cpfox7sStS7/FjWk7C9t6IHA4997cc08Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTurNJ6o0i+SDGcXUF7gvWY8RbKzUvNZnFfFY6RZLbtmdAi0TLyMlyFDrFn86YUQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjq1O0YnVglRL1L2SYOm6t+JFAutRyKwnQKbgV6sTcT/au3E9K78lMk4MVSS2aJewpGJ0OR2FDJFieEjSzBRzHpFZIAVJsYmNLdF26MGNJw7JLWfauu/YNPyFrNZJo1K2bsou/fnpepNllsejuAYTsGDS6jCHdSgDgSG8Ayv8Oa8OO/Oh/M5a8052cwhzMH5+gUWyqAz</latexit>

= s� 2m2t=0

Moments=Arcs

UV-rep.

<latexit sha1_base64="g1BAiArhSNdcCAsZSN7fLs7tmM8="></latexit>

=
1

ŝ2n+2

Z 1

0
xndµ(x, ŝ)

theory space = most general positive function in [0,1]
<latexit sha1_base64="KQOlrwgXajvrXQhGsuRJPD9MN8Q=">AAACJ3icbVC7TsMwFHV4lvIKICYWiwqpLFWCQDBWsDAWiT6kJkSO47RWbSeyHUQV9WMYgY9hQzDyHSy4bQbaciXLR+e+zj1hyqjSjvNlLS2vrK6tlzbKm1vbO7v23n5LJZnEpIkTlshOiBRhVJCmppqRTioJ4iEj7XBwM863H4lUNBH3epgSn6OeoDHFSBsqsA89KnTgPLgwrj6dwsjjmfkDu+LUnEnAReAWoAKKaAT2jxclOONEaMyQUl3XSbWfI6kpZmRU9jJFUoQHqEe6BgrEifLzifwRPDFMBONEmic0nLB/O3LElRry0FRypPtqPjcm/8t1Mx1f+TkVaaaJwNNFccagTuDYCxhRSbBmQwMQltRohbiPJMLaODazRZmj+iSaOSQ3Q5XRXzZuufPeLILWWc29qDl355X6deFbCRyBY1AFLrgEdXALGqAJMMjBM3gFb9aL9W59WJ/T0iWr6DkAM2F9/wKFn6WD</latexit>Z 1

0
f(x)dµ(x)

>0

<latexit sha1_base64="leJj8Am2xTQF8CiVPXWz0vZ8zHI="></latexit>

�an ⌘ ŝ2an+1 � an
<latexit sha1_base64="mHjCHBfX1RCIejNrL8nAvX5f7JQ=">AAACJHicbVDLTgIxFO3gC/E14tJNIzHBhWTGaHRliLpwiYk8EhhJp1ygodOZtB0jmfArLtWPcWdcuPFH3FhgFgKepMnJOff23nv8iDOlHefLyiwtr6yuZddzG5tb2zv2br6mwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/cH12K8/glQsFPd6GIEXkJ5gXUaJNlLbzhePWzfANTl6GGDSFvjSadsFp+RMgBeJm5ICSlFp2z+tTkjjAISmnCjVdJ1IewmRmlEOo1wrVhAROiA9aBoqSADKSya7j/ChUTq4G0rzhMYT9W9HQgKlhoFvKgOi+2reG4v/ec1Ydy+8hIko1iDodFA35liHeBwE7jAJVPOhIYRKZnbFtE8kodrENTNFmaP60Jk5JDGfKrN/zqTlzmezSGonJfes5NydFspXaW5ZtI8OUBG56ByV0S2qoCqi6Ak9o1f0Zr1Y79aH9TktzVhpzx6agfX9C/gppC8=</latexit>

(��)kan > 0
=

“Arcs” IR-rep.
<latexit sha1_base64="JV17/LXVjmKKA+way+hom3U5gDY=">AAACHnicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl040oq2Ac0sUwmN+3QySTMTIQS+h8u1Y9xJ271W9w4abOwrQcGDufeO/fc4yecKW3b31ZpZXVtfaO8Wdna3tndq+4ftFWcSgotGvNYdn2igDMBLc00h24igUQ+h44/usnrnSeQisXiQY8T8CIyECxklGgjPQqXCTcieuj72d2kX63ZdXsKvEycgtRQgWa/+uMGMU0jEJpyolTPsRPtZURqRjlMKm6qICF0RAbQM1SQCJSXTV1P8IlRAhzG0jyh8VT9O5GRSKlx5JvO3KFarOXif7VeqsMrL2MiSTUIOlsUphzrGOcR4IBJoJqPDSFUMuMV0yGRhGoT1NwWZY4aQjB3SGY+VcZ/xaTlLGazTNpndeeibt+f1xrXRW5ldISO0Sly0CVqoFvURC1EkUTP6BW9WS/Wu/Vhfc5aS1Yxc4jmYH39AlUQpB4=</latexit>

n 2 N

>0

<latexit sha1_base64="Wh/AwVsTFnHOEtyQFi4xrLUNMtY="></latexit>

f(x) =
X

n,m

xm(1� x)n�mcnm

>0
Bernstein pol.



All bounds: 
<latexit sha1_base64="4sijA0SMFQg1qidj6FIsuYm6XRk="></latexit>

1

ŝ2n+2

Z 1

0
xn(1� x)kdµ(x, ŝ) > 0

<latexit sha1_base64="bKReAG7HnRqW624W4UtOELNIBKs=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgxjJTFN0IRTcuK9gHtGPJZNI2NMkMSUYoQz/Cpfox7sStS7/FjWk7C9t6IHA4997cc08Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTurNJ6o0i+SDGcXUF7gvWY8RbKzUvNZnFfFY6RZLbtmdAi0TLyMlyFDrFn86YUQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjq1O0YnVglRL1L2SYOm6t+JFAutRyKwnQKbgV6sTcT/au3E9K78lMk4MVSS2aJewpGJ0OR2FDJFieEjSzBRzHpFZIAVJsYmNLdF26MGNJw7JLWfauu/YNPyFrNZJo1K2bsou/fnpepNllsejuAYTsGDS6jCHdSgDgSG8Ayv8Oa8OO/Oh/M5a8052cwhzMH5+gUWyqAz</latexit>

= s� 2m2t=0

Moments=Arcs

UV-rep.

<latexit sha1_base64="g1BAiArhSNdcCAsZSN7fLs7tmM8="></latexit>

=
1

ŝ2n+2

Z 1

0
xndµ(x, ŝ)

theory space = most general positive function in [0,1]
<latexit sha1_base64="KQOlrwgXajvrXQhGsuRJPD9MN8Q=">AAACJ3icbVC7TsMwFHV4lvIKICYWiwqpLFWCQDBWsDAWiT6kJkSO47RWbSeyHUQV9WMYgY9hQzDyHSy4bQbaciXLR+e+zj1hyqjSjvNlLS2vrK6tlzbKm1vbO7v23n5LJZnEpIkTlshOiBRhVJCmppqRTioJ4iEj7XBwM863H4lUNBH3epgSn6OeoDHFSBsqsA89KnTgPLgwrj6dwsjjmfkDu+LUnEnAReAWoAKKaAT2jxclOONEaMyQUl3XSbWfI6kpZmRU9jJFUoQHqEe6BgrEifLzifwRPDFMBONEmic0nLB/O3LElRry0FRypPtqPjcm/8t1Mx1f+TkVaaaJwNNFccagTuDYCxhRSbBmQwMQltRohbiPJMLaODazRZmj+iSaOSQ3Q5XRXzZuufPeLILWWc29qDl355X6deFbCRyBY1AFLrgEdXALGqAJMMjBM3gFb9aL9W59WJ/T0iWr6DkAM2F9/wKFn6WD</latexit>Z 1

0
f(x)dµ(x)

>0

“Hausdorff’s moment theorem” 
“complete monotonic series”

<latexit sha1_base64="leJj8Am2xTQF8CiVPXWz0vZ8zHI="></latexit>

�an ⌘ ŝ2an+1 � an
<latexit sha1_base64="mHjCHBfX1RCIejNrL8nAvX5f7JQ=">AAACJHicbVDLTgIxFO3gC/E14tJNIzHBhWTGaHRliLpwiYk8EhhJp1ygodOZtB0jmfArLtWPcWdcuPFH3FhgFgKepMnJOff23nv8iDOlHefLyiwtr6yuZddzG5tb2zv2br6mwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/cH12K8/glQsFPd6GIEXkJ5gXUaJNlLbzhePWzfANTl6GGDSFvjSadsFp+RMgBeJm5ICSlFp2z+tTkjjAISmnCjVdJ1IewmRmlEOo1wrVhAROiA9aBoqSADKSya7j/ChUTq4G0rzhMYT9W9HQgKlhoFvKgOi+2reG4v/ec1Ydy+8hIko1iDodFA35liHeBwE7jAJVPOhIYRKZnbFtE8kodrENTNFmaP60Jk5JDGfKrN/zqTlzmezSGonJfes5NydFspXaW5ZtI8OUBG56ByV0S2qoCqi6Ak9o1f0Zr1Y79aH9TktzVhpzx6agfX9C/gppC8=</latexit>

(��)kan > 0
=

“Arcs” IR-rep.
<latexit sha1_base64="JV17/LXVjmKKA+way+hom3U5gDY=">AAACHnicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl040oq2Ac0sUwmN+3QySTMTIQS+h8u1Y9xJ271W9w4abOwrQcGDufeO/fc4yecKW3b31ZpZXVtfaO8Wdna3tndq+4ftFWcSgotGvNYdn2igDMBLc00h24igUQ+h44/usnrnSeQisXiQY8T8CIyECxklGgjPQqXCTcieuj72d2kX63ZdXsKvEycgtRQgWa/+uMGMU0jEJpyolTPsRPtZURqRjlMKm6qICF0RAbQM1SQCJSXTV1P8IlRAhzG0jyh8VT9O5GRSKlx5JvO3KFarOXif7VeqsMrL2MiSTUIOlsUphzrGOcR4IBJoJqPDSFUMuMV0yGRhGoT1NwWZY4aQjB3SGY+VcZ/xaTlLGazTNpndeeibt+f1xrXRW5ldISO0Sly0CVqoFvURC1EkUTP6BW9WS/Wu/Vhfc5aS1Yxc4jmYH39AlUQpB4=</latexit>

n 2 N

>0

<latexit sha1_base64="Wh/AwVsTFnHOEtyQFi4xrLUNMtY="></latexit>

f(x) =
X

n,m

xm(1� x)n�mcnm

>0
Bernstein pol.



…
<latexit sha1_base64="VGHHaZWVOMtLEtTln4HENmF2N1A=">AAACJnicbVDLSgMxFM3UV62v8bFzEyyCqzIjim6Uoi5cVrAPaMchk962oZnMkGSEOvRfXKof407Enf/hxkzbhW29kHA493XuCWLOlHacLyu3sLi0vJJfLaytb2xu2ds7NRUlkkKVRjySjYAo4ExAVTPNoRFLIGHAoR70r7N8/RGkYpG414MYvJB0BeswSrShfHuvdQNckwcHE19cZB++dHy76JScUeB54E5AEU2i4ts/rXZEkxCEppwo1XSdWHspkZpRDsNCK1EQE9onXWgaKEgIyktH6of40DBt3ImkeULjEfu3IyWhUoMwMJUh0T01m8vI/3LNRHfOvZSJONEg6HhRJ+FYRzizAreZBKr5wABCJTNaMe0RSag2hk1tUeaoHrSnDknNUGX0F4xb7qw386B2XHJPS87dSbF8NfEtj/bRATpCLjpDZXSLKqiKKHpCz+gVvVkv1rv1YX2OS3PWpGcXTYX1/Quzw6UV</latexit>

�0an = an > 0

<latexit sha1_base64="3VLehlEH96rdl7qcs8Z1JCmbISY="></latexit>

(��)2an = an � 2ŝ2an+1 + ŝ4an+2 > 0

all bounds

<latexit sha1_base64="7iMbXrqQ1wBN8uUCfbvADV+hiC4="></latexit>

(��)an = an � ŝ2an+1 > 0

Example @ tree-level

tree-level
<latexit sha1_base64="27PjJTr6ne4DqrQuBk4Gg229Ny0="></latexit>

M(s)
��
EFT

s2n+3
=

c0 + c2s2 + c4s4 + . . .

s2n+3

<latexit sha1_base64="o4ym3l7gKdYyO/aOFwVE8d+MUXw="></latexit>

an
��
tree

= c2n+2

<latexit sha1_base64="Y2YnFM4FHoyqF1QII7zGSOLTfLs=">AAACKHicbVDLSsNAFJ3UV62vqODGTbAIrkpSFF0W3bhwUcE+oIllMrlph04mcWYilNifcal+jDvp1t9w47TNwrZeGDicc8/ce4+fMCqVbY+Nwsrq2vpGcbO0tb2zu2fuHzRlnAoCDRKzWLR9LIFRDg1FFYN2IgBHPoOWP7iZ6K1nEJLG/EENE/Ai3OM0pAQrTXXNI7ePVSZHrqQRPLl32hngx2rXLNsVe1rWMnByUEZ51bvmjxvEJI2AK8KwlB3HTpSXYaEoYTAquamEBJMB7kFHQ44jkF423X9knWomsMJY6MeVNWX/OjIcSTmMfN0ZYdWXi9qE/E/rpCq88jLKk1QBJ7NBYcosFVuTMKyACiCKDTXARFC9q0X6WGCidGRzU6Q+qg/B3CGZ/lTq/Us6LWcxm2XQrFaci4p9f16uXee5FdExOkFnyEGXqIZuUR01EEEv6BW9ow/jzfg0vozxrLVg5J5DNFfG9y81pKea</latexit>

ŝ ' ⇤2

…



…
<latexit sha1_base64="VGHHaZWVOMtLEtTln4HENmF2N1A=">AAACJnicbVDLSgMxFM3UV62v8bFzEyyCqzIjim6Uoi5cVrAPaMchk962oZnMkGSEOvRfXKof407Enf/hxkzbhW29kHA493XuCWLOlHacLyu3sLi0vJJfLaytb2xu2ds7NRUlkkKVRjySjYAo4ExAVTPNoRFLIGHAoR70r7N8/RGkYpG414MYvJB0BeswSrShfHuvdQNckwcHE19cZB++dHy76JScUeB54E5AEU2i4ts/rXZEkxCEppwo1XSdWHspkZpRDsNCK1EQE9onXWgaKEgIyktH6of40DBt3ImkeULjEfu3IyWhUoMwMJUh0T01m8vI/3LNRHfOvZSJONEg6HhRJ+FYRzizAreZBKr5wABCJTNaMe0RSag2hk1tUeaoHrSnDknNUGX0F4xb7qw386B2XHJPS87dSbF8NfEtj/bRATpCLjpDZXSLKqiKKHpCz+gVvVkv1rv1YX2OS3PWpGcXTYX1/Quzw6UV</latexit>

�0an = an > 0

<latexit sha1_base64="3VLehlEH96rdl7qcs8Z1JCmbISY="></latexit>

(��)2an = an � 2ŝ2an+1 + ŝ4an+2 > 0

all bounds

<latexit sha1_base64="7iMbXrqQ1wBN8uUCfbvADV+hiC4="></latexit>

(��)an = an � ŝ2an+1 > 0

Example @ tree-level

sharp upper bound on the cutoff
<latexit sha1_base64="/pGPs3UhXnJrzS6B8YISmNtK+i8=">AAACM3icbVBNS8MwGE7n15xfU49eokMQhNGOoR48DL148DDBfcBaS5qmW1ialiQVRunZX+NR/S3iTbz6C7yYbT24zRdCHp7383m8mFGpTPPdKCwtr6yuFddLG5tb2zvl3b22jBKBSQtHLBJdD0nCKCctRRUj3VgQFHqMdLzh9TjfeSRC0ojfq1FMnBD1OQ0oRkpTbvnQvtXFPnqow0toBwLhFLspz7LJd1rLMrdcMavmJOAisHJQAXk03fKP7Uc4CQlXmCEpe5YZKydFQlHMSFayE0lihIeoT3oachQS6aQTKRk81owPg0joxxWcsH87UhRKOQo9XRkiNZDzuTH5X66XqODCSSmPE0U4ni4KEgZVBMe+QJ8KghUbaYCwoPpWiAdI+6G0ezNbpBY1IP6MkFQPlfr+knbLmvdmEbRrVeusWr+rVxpXuW9FcACOwAmwwDlogBvQBC2AwRN4Bq/gzXgxPoxP42taWjDynn0wE8b3Ly24q6E=</latexit>

⇤4 <
cn

cn+2

tree-level
<latexit sha1_base64="27PjJTr6ne4DqrQuBk4Gg229Ny0="></latexit>

M(s)
��
EFT

s2n+3
=

c0 + c2s2 + c4s4 + . . .

s2n+3

<latexit sha1_base64="o4ym3l7gKdYyO/aOFwVE8d+MUXw="></latexit>

an
��
tree

= c2n+2

<latexit sha1_base64="Y2YnFM4FHoyqF1QII7zGSOLTfLs=">AAACKHicbVDLSsNAFJ3UV62vqODGTbAIrkpSFF0W3bhwUcE+oIllMrlph04mcWYilNifcal+jDvp1t9w47TNwrZeGDicc8/ce4+fMCqVbY+Nwsrq2vpGcbO0tb2zu2fuHzRlnAoCDRKzWLR9LIFRDg1FFYN2IgBHPoOWP7iZ6K1nEJLG/EENE/Ai3OM0pAQrTXXNI7ePVSZHrqQRPLl32hngx2rXLNsVe1rWMnByUEZ51bvmjxvEJI2AK8KwlB3HTpSXYaEoYTAquamEBJMB7kFHQ44jkF423X9knWomsMJY6MeVNWX/OjIcSTmMfN0ZYdWXi9qE/E/rpCq88jLKk1QBJ7NBYcosFVuTMKyACiCKDTXARFC9q0X6WGCidGRzU6Q+qg/B3CGZ/lTq/Us6LWcxm2XQrFaci4p9f16uXee5FdExOkFnyEGXqIZuUR01EEEv6BW9ow/jzfg0vozxrLVg5J5DNFfG9y81pKea</latexit>

ŝ ' ⇤2

…



…
<latexit sha1_base64="VGHHaZWVOMtLEtTln4HENmF2N1A=">AAACJnicbVDLSgMxFM3UV62v8bFzEyyCqzIjim6Uoi5cVrAPaMchk962oZnMkGSEOvRfXKof407Enf/hxkzbhW29kHA493XuCWLOlHacLyu3sLi0vJJfLaytb2xu2ds7NRUlkkKVRjySjYAo4ExAVTPNoRFLIGHAoR70r7N8/RGkYpG414MYvJB0BeswSrShfHuvdQNckwcHE19cZB++dHy76JScUeB54E5AEU2i4ts/rXZEkxCEppwo1XSdWHspkZpRDsNCK1EQE9onXWgaKEgIyktH6of40DBt3ImkeULjEfu3IyWhUoMwMJUh0T01m8vI/3LNRHfOvZSJONEg6HhRJ+FYRzizAreZBKr5wABCJTNaMe0RSag2hk1tUeaoHrSnDknNUGX0F4xb7qw386B2XHJPS87dSbF8NfEtj/bRATpCLjpDZXSLKqiKKHpCz+gVvVkv1rv1YX2OS3PWpGcXTYX1/Quzw6UV</latexit>

�0an = an > 0

<latexit sha1_base64="3VLehlEH96rdl7qcs8Z1JCmbISY="></latexit>

(��)2an = an � 2ŝ2an+1 + ŝ4an+2 > 0

all bounds

<latexit sha1_base64="7iMbXrqQ1wBN8uUCfbvADV+hiC4="></latexit>

(��)an = an � ŝ2an+1 > 0

Example @ tree-level

sharp upper bound on the cutoff
<latexit sha1_base64="/pGPs3UhXnJrzS6B8YISmNtK+i8=">AAACM3icbVBNS8MwGE7n15xfU49eokMQhNGOoR48DL148DDBfcBaS5qmW1ialiQVRunZX+NR/S3iTbz6C7yYbT24zRdCHp7383m8mFGpTPPdKCwtr6yuFddLG5tb2zvl3b22jBKBSQtHLBJdD0nCKCctRRUj3VgQFHqMdLzh9TjfeSRC0ojfq1FMnBD1OQ0oRkpTbvnQvtXFPnqow0toBwLhFLspz7LJd1rLMrdcMavmJOAisHJQAXk03fKP7Uc4CQlXmCEpe5YZKydFQlHMSFayE0lihIeoT3oachQS6aQTKRk81owPg0joxxWcsH87UhRKOQo9XRkiNZDzuTH5X66XqODCSSmPE0U4ni4KEgZVBMe+QJ8KghUbaYCwoPpWiAdI+6G0ezNbpBY1IP6MkFQPlfr+knbLmvdmEbRrVeusWr+rVxpXuW9FcACOwAmwwDlogBvQBC2AwRN4Bq/gzXgxPoxP42taWjDynn0wE8b3Ly24q6E=</latexit>

⇤4 <
cn

cn+2

tree-level
<latexit sha1_base64="27PjJTr6ne4DqrQuBk4Gg229Ny0="></latexit>

M(s)
��
EFT

s2n+3
=

c0 + c2s2 + c4s4 + . . .

s2n+3

<latexit sha1_base64="o4ym3l7gKdYyO/aOFwVE8d+MUXw="></latexit>

an
��
tree

= c2n+2

<latexit sha1_base64="Y2YnFM4FHoyqF1QII7zGSOLTfLs=">AAACKHicbVDLSsNAFJ3UV62vqODGTbAIrkpSFF0W3bhwUcE+oIllMrlph04mcWYilNifcal+jDvp1t9w47TNwrZeGDicc8/ce4+fMCqVbY+Nwsrq2vpGcbO0tb2zu2fuHzRlnAoCDRKzWLR9LIFRDg1FFYN2IgBHPoOWP7iZ6K1nEJLG/EENE/Ai3OM0pAQrTXXNI7ePVSZHrqQRPLl32hngx2rXLNsVe1rWMnByUEZ51bvmjxvEJI2AK8KwlB3HTpSXYaEoYTAquamEBJMB7kFHQ44jkF423X9knWomsMJY6MeVNWX/OjIcSTmMfN0ZYdWXi9qE/E/rpCq88jLKk1QBJ7NBYcosFVuTMKyACiCKDTXARFC9q0X6WGCidGRzU6Q+qg/B3CGZ/lTq/Us6LWcxm2XQrFaci4p9f16uXee5FdExOkFnyEGXqIZuUR01EEEv6BW9ow/jzfg0vozxrLVg5J5DNFfG9y81pKea</latexit>

ŝ ' ⇤2

…

even for very weakly coupled theory c<<1 
much more stringent strong-coupling cutoff

<latexit sha1_base64="wrzuPwGOrfCNi/q6T/uF/c6G1CQ="></latexit>

M
��
EFT

= g2
�
1 + c̄2s

2 + c̄4s
4 + . . .

�
bound independent of g<<1



Example: Massive Higher Spins



Higher Spins J>2

<latexit sha1_base64="CIrNI6wPI6sI6hEnyyMbV4fZKh4="></latexit>

M(J�even)
long. = g2(mJ/⇤J)

"✓
E

mJ

◆3J

+ . . .+
E4

m4
J

+ . . .

#

<latexit sha1_base64="mGGH014hWNDv4lv0IenSFsuYO+A="></latexit>

M(J�odd)
long. = g2(mJ/⇤J)

"✓
E

mJ

◆3J+1

+ . . .+
E4

m4
J

+ . . .

#

<latexit sha1_base64="/pGPs3UhXnJrzS6B8YISmNtK+i8=">AAACM3icbVBNS8MwGE7n15xfU49eokMQhNGOoR48DL148DDBfcBaS5qmW1ialiQVRunZX+NR/S3iTbz6C7yYbT24zRdCHp7383m8mFGpTPPdKCwtr6yuFddLG5tb2zvl3b22jBKBSQtHLBJdD0nCKCctRRUj3VgQFHqMdLzh9TjfeSRC0ojfq1FMnBD1OQ0oRkpTbvnQvtXFPnqow0toBwLhFLspz7LJd1rLMrdcMavmJOAisHJQAXk03fKP7Uc4CQlXmCEpe5YZKydFQlHMSFayE0lihIeoT3oachQS6aQTKRk81owPg0joxxWcsH87UhRKOQo9XRkiNZDzuTH5X66XqODCSSmPE0U4ni4KEgZVBMe+QJ8KghUbaYCwoPpWiAdI+6G0ezNbpBY1IP6MkFQPlfr+knbLmvdmEbRrVeusWr+rVxpXuW9FcACOwAmwwDlogBvQBC2AwRN4Bq/gzXgxPoxP42taWjDynn0wE8b3Ly24q6E=</latexit>

⇤4 <
cn

cn+2
J>2

<latexit sha1_base64="ezlXGwQVdQiV67fpZI4wjTGhH/Y=">AAACNHicbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFgaGItGH1ESR4zitVduJbAepirrzNYzAryCxIVZ+gAW3zUBbrmTp6Nxzfe85Ycqo0o7zbpXW1jc2t8rblZ3dvf0D+/Coo5JMYtLGCUtkL0SKMCpIW1PNSC+VBPGQkW44upn2u49EKpqIBz1Oic/RQNCYYqQNFdhV786II+QpyiGHHmOwYIJcaZmIwSSwa07dmRVcBW4BaqCoVmD/eFGCM06Exgwp1XedVPs5kppiRiYVL1MkRXiEBqRvoECcKD+feZnAU8NEME6keULDGft3IkdcqTEPjZIjPVTLvSn5X6+f6fjKz6lIM00Eni+KMwZ1AqfBwIhKgjUbG4CwpOZWiIdIIqxNfAtblDE1JNGCkdx8qsz9FZOWu5zNKuic192LeuO+UWteF7mVwQmogjPggkvQBLegBdoAgyfwDF7Bm/VifVif1tdcWrKKmWOwUNb3L1r2rD8=</latexit>

⇤ ⇠ m ⌧ ⇤strong

<latexit sha1_base64="e0Qg2tqeSCMDmc0Ce3avDAJQ9lk="></latexit>

✏(0)µ1µ2···µJ ⇠ (E/m)J

<latexit sha1_base64="lVCcq2RbICgPnYWBZeNU8rjs0pI="></latexit>

✏(±1)
µ1µ2···µJ ⇠ (E/m)J�1

<latexit sha1_base64="dUnGkUym3HXjqKYH3TiIEe3y7Ow="></latexit>

✏(±J)
µ1µ2···µJ ⇠ (E/m)0

…



Higher Spins J>2

<latexit sha1_base64="CIrNI6wPI6sI6hEnyyMbV4fZKh4="></latexit>

M(J�even)
long. = g2(mJ/⇤J)

"✓
E

mJ

◆3J

+ . . .+
E4

m4
J

+ . . .

#

<latexit sha1_base64="mGGH014hWNDv4lv0IenSFsuYO+A="></latexit>

M(J�odd)
long. = g2(mJ/⇤J)

"✓
E

mJ

◆3J+1

+ . . .+
E4

m4
J

+ . . .

#

<latexit sha1_base64="/pGPs3UhXnJrzS6B8YISmNtK+i8=">AAACM3icbVBNS8MwGE7n15xfU49eokMQhNGOoR48DL148DDBfcBaS5qmW1ialiQVRunZX+NR/S3iTbz6C7yYbT24zRdCHp7383m8mFGpTPPdKCwtr6yuFddLG5tb2zvl3b22jBKBSQtHLBJdD0nCKCctRRUj3VgQFHqMdLzh9TjfeSRC0ojfq1FMnBD1OQ0oRkpTbvnQvtXFPnqow0toBwLhFLspz7LJd1rLMrdcMavmJOAisHJQAXk03fKP7Uc4CQlXmCEpe5YZKydFQlHMSFayE0lihIeoT3oachQS6aQTKRk81owPg0joxxWcsH87UhRKOQo9XRkiNZDzuTH5X66XqODCSSmPE0U4ni4KEgZVBMe+QJ8KghUbaYCwoPpWiAdI+6G0ezNbpBY1IP6MkFQPlfr+knbLmvdmEbRrVeusWr+rVxpXuW9FcACOwAmwwDlogBvQBC2AwRN4Bq/gzXgxPoxP42taWjDynn0wE8b3Ly24q6E=</latexit>

⇤4 <
cn

cn+2
J>2

<latexit sha1_base64="ezlXGwQVdQiV67fpZI4wjTGhH/Y=">AAACNHicbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFgaGItGH1ESR4zitVduJbAepirrzNYzAryCxIVZ+gAW3zUBbrmTp6Nxzfe85Ycqo0o7zbpXW1jc2t8rblZ3dvf0D+/Coo5JMYtLGCUtkL0SKMCpIW1PNSC+VBPGQkW44upn2u49EKpqIBz1Oic/RQNCYYqQNFdhV786II+QpyiGHHmOwYIJcaZmIwSSwa07dmRVcBW4BaqCoVmD/eFGCM06Exgwp1XedVPs5kppiRiYVL1MkRXiEBqRvoECcKD+feZnAU8NEME6keULDGft3IkdcqTEPjZIjPVTLvSn5X6+f6fjKz6lIM00Eni+KMwZ1AqfBwIhKgjUbG4CwpOZWiIdIIqxNfAtblDE1JNGCkdx8qsz9FZOWu5zNKuic192LeuO+UWteF7mVwQmogjPggkvQBLegBdoAgyfwDF7Bm/VifVif1tdcWrKKmWOwUNb3L1r2rD8=</latexit>

⇤ ⇠ m ⌧ ⇤strong

EFTs isolated Massive Higher spin  (J>2) in the swampland
1903.08664 B.B.,  F. Riva, J. Serra, F. Sgarlata 

Main Lesson: 

<latexit sha1_base64="e0Qg2tqeSCMDmc0Ce3avDAJQ9lk="></latexit>

✏(0)µ1µ2···µJ ⇠ (E/m)J

<latexit sha1_base64="lVCcq2RbICgPnYWBZeNU8rjs0pI="></latexit>

✏(±1)
µ1µ2···µJ ⇠ (E/m)J�1

<latexit sha1_base64="dUnGkUym3HXjqKYH3TiIEe3y7Ow="></latexit>

✏(±J)
µ1µ2···µJ ⇠ (E/m)0

…



Higher Spins J>2

<latexit sha1_base64="CIrNI6wPI6sI6hEnyyMbV4fZKh4="></latexit>

M(J�even)
long. = g2(mJ/⇤J)

"✓
E

mJ

◆3J

+ . . .+
E4

m4
J

+ . . .

#

<latexit sha1_base64="mGGH014hWNDv4lv0IenSFsuYO+A="></latexit>

M(J�odd)
long. = g2(mJ/⇤J)

"✓
E

mJ

◆3J+1

+ . . .+
E4

m4
J

+ . . .

#

<latexit sha1_base64="/pGPs3UhXnJrzS6B8YISmNtK+i8=">AAACM3icbVBNS8MwGE7n15xfU49eokMQhNGOoR48DL148DDBfcBaS5qmW1ialiQVRunZX+NR/S3iTbz6C7yYbT24zRdCHp7383m8mFGpTPPdKCwtr6yuFddLG5tb2zvl3b22jBKBSQtHLBJdD0nCKCctRRUj3VgQFHqMdLzh9TjfeSRC0ojfq1FMnBD1OQ0oRkpTbvnQvtXFPnqow0toBwLhFLspz7LJd1rLMrdcMavmJOAisHJQAXk03fKP7Uc4CQlXmCEpe5YZKydFQlHMSFayE0lihIeoT3oachQS6aQTKRk81owPg0joxxWcsH87UhRKOQo9XRkiNZDzuTH5X66XqODCSSmPE0U4ni4KEgZVBMe+QJ8KghUbaYCwoPpWiAdI+6G0ezNbpBY1IP6MkFQPlfr+knbLmvdmEbRrVeusWr+rVxpXuW9FcACOwAmwwDlogBvQBC2AwRN4Bq/gzXgxPoxP42taWjDynn0wE8b3Ly24q6E=</latexit>

⇤4 <
cn

cn+2
J>2

<latexit sha1_base64="ezlXGwQVdQiV67fpZI4wjTGhH/Y=">AAACNHicbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFgaGItGH1ESR4zitVduJbAepirrzNYzAryCxIVZ+gAW3zUBbrmTp6Nxzfe85Ycqo0o7zbpXW1jc2t8rblZ3dvf0D+/Coo5JMYtLGCUtkL0SKMCpIW1PNSC+VBPGQkW44upn2u49EKpqIBz1Oic/RQNCYYqQNFdhV786II+QpyiGHHmOwYIJcaZmIwSSwa07dmRVcBW4BaqCoVmD/eFGCM06Exgwp1XedVPs5kppiRiYVL1MkRXiEBqRvoECcKD+feZnAU8NEME6keULDGft3IkdcqTEPjZIjPVTLvSn5X6+f6fjKz6lIM00Eni+KMwZ1AqfBwIhKgjUbG4CwpOZWiIdIIqxNfAtblDE1JNGCkdx8qsz9FZOWu5zNKuic192LeuO+UWteF7mVwQmogjPggkvQBLegBdoAgyfwDF7Bm/VifVif1tdcWrKKmWOwUNb3L1r2rD8=</latexit>

⇤ ⇠ m ⌧ ⇤strong

EFTs isolated Massive Higher spin  (J>2) in the swampland
1903.08664 B.B.,  F. Riva, J. Serra, F. Sgarlata 

Main Lesson: 

caveat: trivial forward amplitude
<latexit sha1_base64="60CmGJEG2eXkkeGlZOZxU9xZE2M=">AAACL3icbVDLSgMxFM34rPU16lKEYBHqpsxIUZdFN26ECvYBnaFkMmkbmkmGJCOWoSu/xqX6MeJG3PoNbsy0s7CtBwKHc+/NvecEMaNKO86HtbS8srq2Xtgobm5t7+zae/tNJRKJSQMLJmQ7QIowyklDU81IO5YERQEjrWB4ndVbD0QqKvi9HsXEj1Cf0x7FSBupax95EdIDjFh6Oy5rTwvonEIPxbEUj9Dp2iWn4kwAF4mbkxLIUe/aP14ocBIRrjFDSnVcJ9Z+iqSmmJFx0UsUiREeoj7pGMpRRJSfTmyM4YlRQtgT0jyu4UT9O5GiSKlRFJjO7Gg1X8vE/2qdRPcu/ZTyONGE4+miXsKgcZtlAkMqCdZsZAjCkppbIR4gibA2yc1sUcbUgIQzRlLzqTL3F01a7nw2i6R5VnHPK9W7aql2ledWAIfgGJSBCy5ADdyAOmgADJ7AM3gFb9aL9W59Wl/T1iUrnzkAM7C+fwEHCqlu</latexit>

M(t ! 0) ⇡ 0

<latexit sha1_base64="e0Qg2tqeSCMDmc0Ce3avDAJQ9lk="></latexit>

✏(0)µ1µ2···µJ ⇠ (E/m)J

<latexit sha1_base64="lVCcq2RbICgPnYWBZeNU8rjs0pI="></latexit>

✏(±1)
µ1µ2···µJ ⇠ (E/m)J�1

<latexit sha1_base64="dUnGkUym3HXjqKYH3TiIEe3y7Ow="></latexit>

✏(±J)
µ1µ2···µJ ⇠ (E/m)0

…



Massive Spin-2 borderline: 
<latexit sha1_base64="fftL5554BuMV5HuGyhYKVU3XZtU="></latexit>

MJ=2 ⇠ ts2 ! f(c3, d5)m
2s2

Higher Spins: J=2



Massive Spin-2 borderline: 
<latexit sha1_base64="fftL5554BuMV5HuGyhYKVU3XZtU="></latexit>

MJ=2 ⇠ ts2 ! f(c3, d5)m
2s2

barely escape  
forward-limit bounds

Cheung Remmen 1601.04068

c3

d5

-0.1 0.0 0.1 0.2 0.3 0.4
-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

m = 10�33eV
<latexit sha1_base64="/swvYN8Z7v7nHBEIWXiBTAWzOiQ=">AAACJ3icbVDLSsNAFJ3UV62vqLhyEyyCG0vSCroRim5cVrAPaGOZTG7aoTNJmJkIJeRjXKof40506Xe4cdJ2YVsPDBzOvXfuuceLGZXKtr+Mwsrq2vpGcbO0tb2zu2fuH7RklAgCTRKxSHQ8LIHREJqKKgadWADmHoO2N7rN6+0nEJJG4YMax+ByPAhpQAlWWuqbR/zasR/T81ot63GshoKn0Mr6Ztmu2BNYy8SZkTKaodE3f3p+RBIOoSIMS9l17Fi5KRaKEgZZqZdIiDEZ4QF0NQ0xB+mmE/uZdaoV3woioV+orIn6dyLFXMox93RnblEu1nLxv1o3UcGVm9IwThSEZLooSJilIivPwvKpAKLYWBNMBNVeLTLEAhOlE5vbIvVRQ/DnDkn1p1L7L+m0nMVslkmrWnFqler9Rbl+M8utiI7RCTpDDrpEdXSHGqiJCErRM3pFb8aL8W58GJ/T1oIxmzlEczC+fwESZ6Zw</latexit>
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-0.15
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1710.02539 B.B. , F.Riva, J.Serra, F. Sgarlata

⇤ ⇠ 10�18eV ⇠ (3 · 107km)�1
<latexit sha1_base64="8KuzeWb5QSbmpGYPM4LgdbUA8Xg="></latexit>

⇤ ⇠ m
<latexit sha1_base64="y/h97MT+CVXpdSQzdZ1S2KzP6EM=">AAACHXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl048JFBfuAzlAymUwbmmTGJCOUod/hUv0Yd+JW/BY3pu0sbOuFwOGcc3PvPWHKmTau++2srK6tb2yWtsrbO7t7+5WDw5ZOMkVokyQ8UZ0Qa8qZpE3DDKedVFEsQk7b4fBmorefqNIskQ9mlNJA4L5kMSPYWCrw76w1wr5mAoleperW3GmhZeAVoApFNXqVHz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZRYUB3k06XH6NQyEYoTZZ80aMr+7cix0HokQusU2Az0ojYh/9O6mYmvgpzJNDNUktmgOOPIJGiSAIqYosTwkQWYKGZ3RWSAFSbG5jQ3RdujBjSaOyS3n2q7f9mm5S1mswxa5zXPrXn3F9X6dZFbCY7hBM7Ag0uowy00oAkEHuEZXuHNeXHenQ/nc2ZdcYqeI5gr5+sXrCGjLg==</latexit><latexit sha1_base64="y/h97MT+CVXpdSQzdZ1S2KzP6EM=">AAACHXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl048JFBfuAzlAymUwbmmTGJCOUod/hUv0Yd+JW/BY3pu0sbOuFwOGcc3PvPWHKmTau++2srK6tb2yWtsrbO7t7+5WDw5ZOMkVokyQ8UZ0Qa8qZpE3DDKedVFEsQk7b4fBmorefqNIskQ9mlNJA4L5kMSPYWCrw76w1wr5mAoleperW3GmhZeAVoApFNXqVHz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZRYUB3k06XH6NQyEYoTZZ80aMr+7cix0HokQusU2Az0ojYh/9O6mYmvgpzJNDNUktmgOOPIJGiSAIqYosTwkQWYKGZ3RWSAFSbG5jQ3RdujBjSaOyS3n2q7f9mm5S1mswxa5zXPrXn3F9X6dZFbCY7hBM7Ag0uowy00oAkEHuEZXuHNeXHenQ/nc2ZdcYqeI5gr5+sXrCGjLg==</latexit><latexit sha1_base64="y/h97MT+CVXpdSQzdZ1S2KzP6EM=">AAACHXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl048JFBfuAzlAymUwbmmTGJCOUod/hUv0Yd+JW/BY3pu0sbOuFwOGcc3PvPWHKmTau++2srK6tb2yWtsrbO7t7+5WDw5ZOMkVokyQ8UZ0Qa8qZpE3DDKedVFEsQk7b4fBmorefqNIskQ9mlNJA4L5kMSPYWCrw76w1wr5mAoleperW3GmhZeAVoApFNXqVHz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZRYUB3k06XH6NQyEYoTZZ80aMr+7cix0HokQusU2Az0ojYh/9O6mYmvgpzJNDNUktmgOOPIJGiSAIqYosTwkQWYKGZ3RWSAFSbG5jQ3RdujBjSaOyS3n2q7f9mm5S1mswxa5zXPrXn3F9X6dZFbCY7hBM7Ag0uowy00oAkEHuEZXuHNeXHenQ/nc2ZdcYqeI5gr5+sXrCGjLg==</latexit><latexit sha1_base64="y/h97MT+CVXpdSQzdZ1S2KzP6EM=">AAACHXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl048JFBfuAzlAymUwbmmTGJCOUod/hUv0Yd+JW/BY3pu0sbOuFwOGcc3PvPWHKmTau++2srK6tb2yWtsrbO7t7+5WDw5ZOMkVokyQ8UZ0Qa8qZpE3DDKedVFEsQk7b4fBmorefqNIskQ9mlNJA4L5kMSPYWCrw76w1wr5mAoleperW3GmhZeAVoApFNXqVHz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZRYUB3k06XH6NQyEYoTZZ80aMr+7cix0HokQusU2Az0ojYh/9O6mYmvgpzJNDNUktmgOOPIJGiSAIqYosTwkQWYKGZ3RWSAFSbG5jQ3RdujBjSaOyS3n2q7f9mm5S1mswxa5zXPrXn3F9X6dZFbCY7hBM7Ag0uowy00oAkEHuEZXuHNeXHenQ/nc2ZdcYqeI5gr5+sXrCGjLg==</latexit>

⇤ ⇠ 2 · 10�17eV ⇠ (107km)�1
<latexit sha1_base64="SQDoC0t03/jyyw0rn3vpXVv9ysI="></latexit>

Higher Spins: J=2



Massive Spin-2 borderline: 
<latexit sha1_base64="fftL5554BuMV5HuGyhYKVU3XZtU="></latexit>

MJ=2 ⇠ ts2 ! f(c3, d5)m
2s2

barely escape  
forward-limit bounds

Cheung Remmen 1601.04068

c3

d5
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m = 10�33eV
<latexit sha1_base64="/swvYN8Z7v7nHBEIWXiBTAWzOiQ=">AAACJ3icbVDLSsNAFJ3UV62vqLhyEyyCG0vSCroRim5cVrAPaGOZTG7aoTNJmJkIJeRjXKof40506Xe4cdJ2YVsPDBzOvXfuuceLGZXKtr+Mwsrq2vpGcbO0tb2zu2fuH7RklAgCTRKxSHQ8LIHREJqKKgadWADmHoO2N7rN6+0nEJJG4YMax+ByPAhpQAlWWuqbR/zasR/T81ot63GshoKn0Mr6Ztmu2BNYy8SZkTKaodE3f3p+RBIOoSIMS9l17Fi5KRaKEgZZqZdIiDEZ4QF0NQ0xB+mmE/uZdaoV3woioV+orIn6dyLFXMox93RnblEu1nLxv1o3UcGVm9IwThSEZLooSJilIivPwvKpAKLYWBNMBNVeLTLEAhOlE5vbIvVRQ/DnDkn1p1L7L+m0nMVslkmrWnFqler9Rbl+M8utiI7RCTpDDrpEdXSHGqiJCErRM3pFb8aL8W58GJ/T1oIxmzlEczC+fwESZ6Zw</latexit>
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1710.02539 B.B. , F.Riva, J.Serra, F. Sgarlata

⇤ ⇠ 10�18eV ⇠ (3 · 107km)�1
<latexit sha1_base64="8KuzeWb5QSbmpGYPM4LgdbUA8Xg="></latexit>

⇤ ⇠ m
<latexit sha1_base64="y/h97MT+CVXpdSQzdZ1S2KzP6EM=">AAACHXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl048JFBfuAzlAymUwbmmTGJCOUod/hUv0Yd+JW/BY3pu0sbOuFwOGcc3PvPWHKmTau++2srK6tb2yWtsrbO7t7+5WDw5ZOMkVokyQ8UZ0Qa8qZpE3DDKedVFEsQk7b4fBmorefqNIskQ9mlNJA4L5kMSPYWCrw76w1wr5mAoleperW3GmhZeAVoApFNXqVHz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZRYUB3k06XH6NQyEYoTZZ80aMr+7cix0HokQusU2Az0ojYh/9O6mYmvgpzJNDNUktmgOOPIJGiSAIqYosTwkQWYKGZ3RWSAFSbG5jQ3RdujBjSaOyS3n2q7f9mm5S1mswxa5zXPrXn3F9X6dZFbCY7hBM7Ag0uowy00oAkEHuEZXuHNeXHenQ/nc2ZdcYqeI5gr5+sXrCGjLg==</latexit><latexit sha1_base64="y/h97MT+CVXpdSQzdZ1S2KzP6EM=">AAACHXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl048JFBfuAzlAymUwbmmTGJCOUod/hUv0Yd+JW/BY3pu0sbOuFwOGcc3PvPWHKmTau++2srK6tb2yWtsrbO7t7+5WDw5ZOMkVokyQ8UZ0Qa8qZpE3DDKedVFEsQk7b4fBmorefqNIskQ9mlNJA4L5kMSPYWCrw76w1wr5mAoleperW3GmhZeAVoApFNXqVHz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZRYUB3k06XH6NQyEYoTZZ80aMr+7cix0HokQusU2Az0ojYh/9O6mYmvgpzJNDNUktmgOOPIJGiSAIqYosTwkQWYKGZ3RWSAFSbG5jQ3RdujBjSaOyS3n2q7f9mm5S1mswxa5zXPrXn3F9X6dZFbCY7hBM7Ag0uowy00oAkEHuEZXuHNeXHenQ/nc2ZdcYqeI5gr5+sXrCGjLg==</latexit><latexit sha1_base64="y/h97MT+CVXpdSQzdZ1S2KzP6EM=">AAACHXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl048JFBfuAzlAymUwbmmTGJCOUod/hUv0Yd+JW/BY3pu0sbOuFwOGcc3PvPWHKmTau++2srK6tb2yWtsrbO7t7+5WDw5ZOMkVokyQ8UZ0Qa8qZpE3DDKedVFEsQk7b4fBmorefqNIskQ9mlNJA4L5kMSPYWCrw76w1wr5mAoleperW3GmhZeAVoApFNXqVHz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZRYUB3k06XH6NQyEYoTZZ80aMr+7cix0HokQusU2Az0ojYh/9O6mYmvgpzJNDNUktmgOOPIJGiSAIqYosTwkQWYKGZ3RWSAFSbG5jQ3RdujBjSaOyS3n2q7f9mm5S1mswxa5zXPrXn3F9X6dZFbCY7hBM7Ag0uowy00oAkEHuEZXuHNeXHenQ/nc2ZdcYqeI5gr5+sXrCGjLg==</latexit><latexit sha1_base64="y/h97MT+CVXpdSQzdZ1S2KzP6EM=">AAACHXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl048JFBfuAzlAymUwbmmTGJCOUod/hUv0Yd+JW/BY3pu0sbOuFwOGcc3PvPWHKmTau++2srK6tb2yWtsrbO7t7+5WDw5ZOMkVokyQ8UZ0Qa8qZpE3DDKedVFEsQk7b4fBmorefqNIskQ9mlNJA4L5kMSPYWCrw76w1wr5mAoleperW3GmhZeAVoApFNXqVHz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZRYUB3k06XH6NQyEYoTZZ80aMr+7cix0HokQusU2Az0ojYh/9O6mYmvgpzJNDNUktmgOOPIJGiSAIqYosTwkQWYKGZ3RWSAFSbG5jQ3RdujBjSaOyS3n2q7f9mm5S1mswxa5zXPrXn3F9X6dZFbCY7hBM7Ag0uowy00oAkEHuEZXuHNeXHenQ/nc2ZdcYqeI5gr5+sXrCGjLg==</latexit>

⇤ ⇠ 2 · 10�17eV ⇠ (107km)�1
<latexit sha1_base64="SQDoC0t03/jyyw0rn3vpXVv9ysI="></latexit>

Higher Spins: J=2

need to go beyond forward limit



Beyond Forward



Finite-t
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Finite-t

I. related by crossing symmetry M / c4(s
2 + t2 + u2)2 ! c22 = 3c4 ! c22s

2 < 3c2
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Finite-t

I. related by crossing symmetry

II.  Partial wave expansion “Arcs finite T<—> 2D-moments”
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2 < 3c2
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Finite-t

I. related by crossing symmetry

II.  Partial wave expansion

<latexit sha1_base64="FsFlBqxbbeRLxXcXgsYmp29nJs8="></latexit>
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Z
dµ(x, J2)xn
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J2

�m
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X

J2
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⇡
Imf`(J2)(ŝ/

p
x)�(J2 � J2

` )> 0

“Arcs finite T<—> 2D-moments”

<latexit sha1_base64="bKReAG7HnRqW624W4UtOELNIBKs=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgxjJTFN0IRTcuK9gHtGPJZNI2NMkMSUYoQz/Cpfox7sStS7/FjWk7C9t6IHA4997cc08Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTurNJ6o0i+SDGcXUF7gvWY8RbKzUvNZnFfFY6RZLbtmdAi0TLyMlyFDrFn86YUQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjq1O0YnVglRL1L2SYOm6t+JFAutRyKwnQKbgV6sTcT/au3E9K78lMk4MVSS2aJewpGJ0OR2FDJFieEjSzBRzHpFZIAVJsYmNLdF26MGNJw7JLWfauu/YNPyFrNZJo1K2bsou/fnpepNllsejuAYTsGDS6jCHdSgDgSG8Ayv8Oa8OO/Oh/M5a8052cwhzMH5+gUWyqAz</latexit>

= s� 2m2

<latexit sha1_base64="wpUPBUiOmwGM00NctkhtdiMFkvk="></latexit>

t 6= 0
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=
X

p

tpcn,mp µn,m

2D-moments

M / c4(s
2 + t2 + u2)2 ! c22 = 3c4 ! c22s

2 < 3c2
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Finite-t

I. related by crossing symmetry

II.  Partial wave expansion

<latexit sha1_base64="FsFlBqxbbeRLxXcXgsYmp29nJs8="></latexit>

µn,m =

Z
dµ(x, J2)xn

�
J2

�m

<latexit sha1_base64="9/KWE1bcbpMPuq4icR9zpZKWZ0s="></latexit>

dµ(x, J2) =
X

J2
` =`(`+1)

1

⇡
Imf`(J2)(ŝ/
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<latexit sha1_base64="h+WijaEE9lrCG0lbN8mEq8grxFI="></latexit>c2,1
<latexit sha1_base64="9PgWQuMLSrAFXbZq/OyJp7eCUPo="></latexit>c2,2
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II.  Partial wave expansion
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example:
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2011.02957 S. Caron-huot, van Duong
2011.02400  A. Tolley, Z. Wang, S.Y. Zhou

<latexit sha1_base64="rUadz1a4wVfjc/PTLeDT/NVngu4="></latexit>

�3

2
<

c21ŝ

c2
< 5.3

2102.08951 Caron-huot, Mazac, Rastelli, Simmons-Duffin
2112.12561 B.B,, Riembau, Riva
Huang, Rodina, Zhiboedov, Arkani-Hamed, Pomarol…. etc 
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finite-T and Crossing 

very complicatedMassive particle crossing:
(2J+1)^4  helicities mix!



finite-T and Crossing 

very complicatedMassive particle crossing:
(2J+1)^4  helicities mix!

Massless, or |t|<<s, particle crossing: very simple!
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finite-T and Crossing 

very complicatedMassive particle crossing:
(2J+1)^4  helicities mix!

Massless, or |t|<<s, particle crossing: very simple!
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<latexit sha1_base64="bKReAG7HnRqW624W4UtOELNIBKs=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgxjJTFN0IRTcuK9gHtGPJZNI2NMkMSUYoQz/Cpfox7sStS7/FjWk7C9t6IHA4997cc08Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DQUaIIrZOIR6oVYE05k7RumOG0FSuKRcBpMxjeTurNJ6o0i+SDGcXUF7gvWY8RbKzUvNZnFfFY6RZLbtmdAi0TLyMlyFDrFn86YUQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjq1O0YnVglRL1L2SYOm6t+JFAutRyKwnQKbgV6sTcT/au3E9K78lMk4MVSS2aJewpGJ0OR2FDJFieEjSzBRzHpFZIAVJsYmNLdF26MGNJw7JLWfauu/YNPyFrNZJo1K2bsou/fnpepNllsejuAYTsGDS6jCHdSgDgSG8Ayv8Oa8OO/Oh/M5a8052cwhzMH5+gUWyqAz</latexit>

= s� 2m2

<latexit sha1_base64="wpUPBUiOmwGM00NctkhtdiMFkvk="></latexit>

t 6= 0
<latexit sha1_base64="oB5PxUThCFEvqw5Co1NCrnMXESE=">AAACLXicbVC7SgNBFJ31GeNr1dJmMAhWYTcEtQza2AgKRoVkE2YnN8mQmd1l7qwQNin8Gkv1YywEsfUjbJyNKYx6YZjDOfd5wkQKNJ736szNLywuLRdWiqtr6xub7tb2Ncap5lDnsYz1bcgQpIigboSRcJtoYCqUcBMOTnP95g40iji6MsMEAsV6kegKzoyl2u6ualWaUtKRGeUfNiUgolD0vFVpuyWv7E2C/gX+FJTINC7a7mezE/NUQWS4ZIgN30tMkDFtBJcwLjZThITxAetBw8KIKcAgmxwxpvuW6dBurO2LDJ2wPysyphCHKrSZipk+/tZy8j+tkZrucZCJKEkNRPx7UDeV1MQ0d4R2hAZu5NACxrWwu1LeZ5pxY32bmYL2qD50Zg7JbFO0+xetW/5vb/6C60rZPyxXL6ul2snUtwLZJXvkgPjkiNTIGbkgdcLJPXkgT+TZeXRenDfn/Tt1zpnW7JCZcD6+ABS0qQI=</latexit>

m2 ⌧ |t| ⌧ s . M2EFTs with gap M to new states

|error |<
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Crossing nice, error bounded by EFT-calculable quantity



|Inelastic| < Elastic 
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lack of positivity at t-finite?



|Inelastic| < Elastic 
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lack of positivity at t-finite? NO! 
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|! i
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| i
<latexit sha1_base64="z8wFEFloD1m+ZMT+0W+LmwREIUU=">AAACPHicbVA9T8MwEHX4pnwVGFksKiTEUCUIASOChbFI9ENqqspxL62F40T2BVQF/gO/hhH4G+xsiJWFBTfNQAtPsvT07s537wWJFAZd982ZmZ2bX1hcWi6trK6tb5Q3txomTjWHOo9lrFsBMyCFgjoKlNBKNLAokNAMbi5G9eYtaCNidY3DBDoR6ysRCs7QSt3ygS8hxHtfi/4AmdbxHc2Vguayr5nqS+iWK27VzUH/Eq8gFVKg1i1/+72YpxEo5JIZ0/bcBDsZ0yi4hIeSnxpIGL9hfWhbqlgEppPlnh7onlV6NIy1fQpprv6eyFhkzDAKbGfEcGCmayPxv1o7xfC0kwmVpAiKjxeFqaQY01FAtCc0cJRDSxjXwt5K+YBpxtHGOLHFWFMD6E0Yyeynxt5fsml509n8JY3DqndcPbo6qpydF7ktkR2yS/aJR07IGbkkNVInnDySJ/JCXp1n5935cD7HrTNOMbNNJuB8/QDvwLCk</latexit>

|! i

<latexit sha1_base64="cagkOfvO8gdv3Ct7SSPqpaBxJ8w=">AAACKXicbVC7TsMwFHV4lvIKMDCwWFRITFWCKmCsYGEsEn1ITVQ5zk1r1Ykj2wFVUb+GEfgYNmDlM1hw2wy05UiWjs691/eeE6ScKe04n9bK6tr6xmZpq7y9s7u3bx8ctpTIJIUmFVzITkAUcJZAUzPNoZNKIHHAoR0Mbyf19iNIxUTyoEcp+DHpJyxilGgj9exjT7L+QBMpxRP2OEQF7dkVp+pMgZeJW5AKKtDo2T9eKGgWQ6IpJ0p1XSfVfk6kZpTDuOxlClJCh6QPXUMTEoPy86mBMT4zSogjIc1LNJ6qfydyEis1igPTGRM9UIu1ifhfrZvp6NrPWZJmGhI6WxRlHGuBJ2ngkEmgmo8MIVQycyumAyIJ1SazuS3KmBpAOGckN58qc3/ZpOUuZrNMWhdV97Jau69V6jdFbiV0gk7ROXLRFaqjO9RATUTRGD2jV/RmvVjv1of1NWtdsYqZIzQH6/sXFsGoFA==</latexit> ! 
<latexit sha1_base64="XHp2UKcYr4q8iu26rANN9rlLw9Q=">AAACLHicbVBNSwMxEM3W7/pV9aaXYBE8lV0R9Vj04lHB2kK3lGx2tg3NZtdkVihrwV/jUf0xXkS8+ie8mNYebOuDwOPNTGbeC1IpDLruu1OYm19YXFpeKa6urW9slra2b02SaQ41nshENwJmQAoFNRQooZFqYHEgoR70Lob1+j1oIxJ1g/0UWjHrKBEJztBK7dKuLyHCB//uLmMh9bXodNHXTHUktEtlt+KOQGeJNyZlMsZVu/TthwnPYlDIJTOm6bkptnKmUXAJg6KfGUgZ77EONC1VLAbTykceBvTAKiGNEm2fQjpS/07kLDamHwe2M2bYNdO1ofhfrZlhdNbKhUozBMV/F0WZpJjQYSA0FBo4yr4ljGthb6W8yzTjaGOb2GKsqS6EE0Zy+6mx9xdtWt50NrPk9qjinVSOr4/L1fNxbstkj+yTQ+KRU1Ill+SK1Agnj+SJvJBX59l5cz6cz9/WgjOe2SETcL5+ANs4qYU=</latexit>

| i

<latexit sha1_base64="u2Tt7h36bf0Pux0bHD3AUC4ObiE="></latexit>0

@ M†M � 0

1

A

lack of positivity at t-finite? NO! 

<latexit sha1_base64="aGPmII+zC0c3fgqSD9eyO1gNZcc=">AAACIXicbVC7TsMwFHXKq5RHA4wsFhUSU5WgChgrWBgYikQfUhtVjuMkVh07sh1QFfVLGIGPYUNsiE9hwW0z0JYjWTo6517fe4+fMqq043xZpbX1jc2t8nZlZ3dvv2ofHHaUyCQmbSyYkD0fKcIoJ21NNSO9VBKU+Ix0/dHN1O8+Eqmo4A96nBIvQRGnIcVIG2loVwd3gkeSRrFGUoqnoV1z6s4McJW4BamBAq2h/TMIBM4SwjVmSKm+66Tay5HUFDMyqQwyRVKERygifUM5Sojy8tniE3hqlACGQprHNZypfztylCg1TnxTmSAdq2VvKv7n9TMdXnk55WmmCcfzQWHGoBZwmgIMqCRYs7EhCEtqdoU4RhJhbbJamKLMUTEJFg7JzafK7F8xabnL2aySznndvag37hu15nWRWxkcgxNwBlxwCZrgFrRAG2CQgWfwCt6sF+vd+rA+56Ulq+g5Aguwvn8B2uSk4g==</latexit>

=)
<latexit sha1_base64="cgKV65hLzIH1dRMp/p0C8v8V6LE="></latexit>��h3�14�2 |M†M|1�12�2i

�� <latexit sha1_base64="5CrZgv8qKy8qnHrJKcsRA9E5Yik=">AAACFXicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhITD0jgQvb2Btiw9+Hungm58Bss1R9jZ2yt/S02LnCFgC/Z5OXNzM6b5yeCK23b31ZhbX1jc6u4XdrZ3ds/KB8eNVWcSoYui0Us2z5VKHiEruZaYDuRSENfYMsf3U7rrSeUisfRgx4n6IV0EPE+Z1Qbye0KfCS9csWu2jOQVeLkpAI5Gr3yTzeIWRpipJmgSnUcO9FeRqXmTOCk1E0VJpSN6AA7hkY0ROVlM7MTcmaUgPRjaV6kyUz9O5HRUKlx6JvOkOqhWq5Nxf9qnVT3r72MR0mqMWLzRf1UEB2T6eUk4BKZFmNDKJPceCVsSCVl2uSzsEWZo4YYLBySmU+V8V8yaTnL2ayS5kXVuazW7muV+k2eWxFO4BTOwYErqMMdNMAFBhye4RXerBfr3fqwPuetBSufOYYFWF+/STWf1g==</latexit>
<latexit sha1_base64="bPA8RF6mLsafw4K6bA8U52iT0qQ="></latexit>

h1�12�2 |M†M|1�12�2i



|Inelastic| < Elastic 

<latexit sha1_base64="wpUPBUiOmwGM00NctkhtdiMFkvk="></latexit>

t 6= 0

<latexit sha1_base64="lbIiB6LkzsI+PGKdqwOhKwDRk+k="></latexit>

A(2)
�1�2

=

Z 1

M2

ds

2⇡

⌦
3�14�2

��M†M
��1�12�2

↵
+

D
3�14�̄2

���M†M
���1�12�̄2

E

(s� 2m2 + t/2)3

positive definite matrix

<latexit sha1_base64="z8wFEFloD1m+ZMT+0W+LmwREIUU=">AAACPHicbVA9T8MwEHX4pnwVGFksKiTEUCUIASOChbFI9ENqqspxL62F40T2BVQF/gO/hhH4G+xsiJWFBTfNQAtPsvT07s537wWJFAZd982ZmZ2bX1hcWi6trK6tb5Q3txomTjWHOo9lrFsBMyCFgjoKlNBKNLAokNAMbi5G9eYtaCNidY3DBDoR6ysRCs7QSt3ygS8hxHtfi/4AmdbxHc2Vguayr5nqS+iWK27VzUH/Eq8gFVKg1i1/+72YpxEo5JIZ0/bcBDsZ0yi4hIeSnxpIGL9hfWhbqlgEppPlnh7onlV6NIy1fQpprv6eyFhkzDAKbGfEcGCmayPxv1o7xfC0kwmVpAiKjxeFqaQY01FAtCc0cJRDSxjXwt5K+YBpxtHGOLHFWFMD6E0Yyeynxt5fsml509n8JY3DqndcPbo6qpydF7ktkR2yS/aJR07IGbkkNVInnDySJ/JCXp1n5935cD7HrTNOMbNNJuB8/QDvwLCk</latexit>

|! i
<latexit sha1_base64="cagkOfvO8gdv3Ct7SSPqpaBxJ8w=">AAACKXicbVC7TsMwFHV4lvIKMDCwWFRITFWCKmCsYGEsEn1ITVQ5zk1r1Ykj2wFVUb+GEfgYNmDlM1hw2wy05UiWjs691/eeE6ScKe04n9bK6tr6xmZpq7y9s7u3bx8ctpTIJIUmFVzITkAUcJZAUzPNoZNKIHHAoR0Mbyf19iNIxUTyoEcp+DHpJyxilGgj9exjT7L+QBMpxRP2OEQF7dkVp+pMgZeJW5AKKtDo2T9eKGgWQ6IpJ0p1XSfVfk6kZpTDuOxlClJCh6QPXUMTEoPy86mBMT4zSogjIc1LNJ6qfydyEis1igPTGRM9UIu1ifhfrZvp6NrPWZJmGhI6WxRlHGuBJ2ngkEmgmo8MIVQycyumAyIJ1SazuS3KmBpAOGckN58qc3/ZpOUuZrNMWhdV97Jau69V6jdFbiV0gk7ROXLRFaqjO9RATUTRGD2jV/RmvVjv1of1NWtdsYqZIzQH6/sXFsGoFA==</latexit> ! 

<latexit sha1_base64="XHp2UKcYr4q8iu26rANN9rlLw9Q=">AAACLHicbVBNSwMxEM3W7/pV9aaXYBE8lV0R9Vj04lHB2kK3lGx2tg3NZtdkVihrwV/jUf0xXkS8+ie8mNYebOuDwOPNTGbeC1IpDLruu1OYm19YXFpeKa6urW9slra2b02SaQ41nshENwJmQAoFNRQooZFqYHEgoR70Lob1+j1oIxJ1g/0UWjHrKBEJztBK7dKuLyHCB//uLmMh9bXodNHXTHUktEtlt+KOQGeJNyZlMsZVu/TthwnPYlDIJTOm6bkptnKmUXAJg6KfGUgZ77EONC1VLAbTykceBvTAKiGNEm2fQjpS/07kLDamHwe2M2bYNdO1ofhfrZlhdNbKhUozBMV/F0WZpJjQYSA0FBo4yr4ljGthb6W8yzTjaGOb2GKsqS6EE0Zy+6mx9xdtWt50NrPk9qjinVSOr4/L1fNxbstkj+yTQ+KRU1Ill+SK1Agnj+SJvJBX59l5cz6cz9/WgjOe2SETcL5+ANs4qYU=</latexit>

| i
<latexit sha1_base64="z8wFEFloD1m+ZMT+0W+LmwREIUU=">AAACPHicbVA9T8MwEHX4pnwVGFksKiTEUCUIASOChbFI9ENqqspxL62F40T2BVQF/gO/hhH4G+xsiJWFBTfNQAtPsvT07s537wWJFAZd982ZmZ2bX1hcWi6trK6tb5Q3txomTjWHOo9lrFsBMyCFgjoKlNBKNLAokNAMbi5G9eYtaCNidY3DBDoR6ysRCs7QSt3ygS8hxHtfi/4AmdbxHc2Vguayr5nqS+iWK27VzUH/Eq8gFVKg1i1/+72YpxEo5JIZ0/bcBDsZ0yi4hIeSnxpIGL9hfWhbqlgEppPlnh7onlV6NIy1fQpprv6eyFhkzDAKbGfEcGCmayPxv1o7xfC0kwmVpAiKjxeFqaQY01FAtCc0cJRDSxjXwt5K+YBpxtHGOLHFWFMD6E0Yyeynxt5fsml509n8JY3DqndcPbo6qpydF7ktkR2yS/aJR07IGbkkNVInnDySJ/JCXp1n5935cD7HrTNOMbNNJuB8/QDvwLCk</latexit>

|! i

<latexit sha1_base64="cagkOfvO8gdv3Ct7SSPqpaBxJ8w=">AAACKXicbVC7TsMwFHV4lvIKMDCwWFRITFWCKmCsYGEsEn1ITVQ5zk1r1Ykj2wFVUb+GEfgYNmDlM1hw2wy05UiWjs691/eeE6ScKe04n9bK6tr6xmZpq7y9s7u3bx8ctpTIJIUmFVzITkAUcJZAUzPNoZNKIHHAoR0Mbyf19iNIxUTyoEcp+DHpJyxilGgj9exjT7L+QBMpxRP2OEQF7dkVp+pMgZeJW5AKKtDo2T9eKGgWQ6IpJ0p1XSfVfk6kZpTDuOxlClJCh6QPXUMTEoPy86mBMT4zSogjIc1LNJ6qfydyEis1igPTGRM9UIu1ifhfrZvp6NrPWZJmGhI6WxRlHGuBJ2ngkEmgmo8MIVQycyumAyIJ1SazuS3KmBpAOGckN58qc3/ZpOUuZrNMWhdV97Jau69V6jdFbiV0gk7ROXLRFaqjO9RATUTRGD2jV/RmvVjv1of1NWtdsYqZIzQH6/sXFsGoFA==</latexit> ! 
<latexit sha1_base64="XHp2UKcYr4q8iu26rANN9rlLw9Q=">AAACLHicbVBNSwMxEM3W7/pV9aaXYBE8lV0R9Vj04lHB2kK3lGx2tg3NZtdkVihrwV/jUf0xXkS8+ie8mNYebOuDwOPNTGbeC1IpDLruu1OYm19YXFpeKa6urW9slra2b02SaQ41nshENwJmQAoFNRQooZFqYHEgoR70Lob1+j1oIxJ1g/0UWjHrKBEJztBK7dKuLyHCB//uLmMh9bXodNHXTHUktEtlt+KOQGeJNyZlMsZVu/TthwnPYlDIJTOm6bkptnKmUXAJg6KfGUgZ77EONC1VLAbTykceBvTAKiGNEm2fQjpS/07kLDamHwe2M2bYNdO1ofhfrZlhdNbKhUozBMV/F0WZpJjQYSA0FBo4yr4ljGthb6W8yzTjaGOb2GKsqS6EE0Zy+6mx9xdtWt50NrPk9qjinVSOr4/L1fNxbstkj+yTQ+KRU1Ill+SK1Agnj+SJvJBX59l5cz6cz9/WgjOe2SETcL5+ANs4qYU=</latexit>

| i

<latexit sha1_base64="u2Tt7h36bf0Pux0bHD3AUC4ObiE="></latexit>0

@ M†M � 0

1

A

lack of positivity at t-finite? NO! 

<latexit sha1_base64="aGPmII+zC0c3fgqSD9eyO1gNZcc=">AAACIXicbVC7TsMwFHXKq5RHA4wsFhUSU5WgChgrWBgYikQfUhtVjuMkVh07sh1QFfVLGIGPYUNsiE9hwW0z0JYjWTo6517fe4+fMqq043xZpbX1jc2t8nZlZ3dvv2ofHHaUyCQmbSyYkD0fKcIoJ21NNSO9VBKU+Ix0/dHN1O8+Eqmo4A96nBIvQRGnIcVIG2loVwd3gkeSRrFGUoqnoV1z6s4McJW4BamBAq2h/TMIBM4SwjVmSKm+66Tay5HUFDMyqQwyRVKERygifUM5Sojy8tniE3hqlACGQprHNZypfztylCg1TnxTmSAdq2VvKv7n9TMdXnk55WmmCcfzQWHGoBZwmgIMqCRYs7EhCEtqdoU4RhJhbbJamKLMUTEJFg7JzafK7F8xabnL2aySznndvag37hu15nWRWxkcgxNwBlxwCZrgFrRAG2CQgWfwCt6sF+vd+rA+56Ulq+g5Aguwvn8B2uSk4g==</latexit>

=)
<latexit sha1_base64="cgKV65hLzIH1dRMp/p0C8v8V6LE="></latexit>��h3�14�2 |M†M|1�12�2i

�� <latexit sha1_base64="5CrZgv8qKy8qnHrJKcsRA9E5Yik=">AAACFXicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhITD0jgQvb2Btiw9+Hungm58Bss1R9jZ2yt/S02LnCFgC/Z5OXNzM6b5yeCK23b31ZhbX1jc6u4XdrZ3ds/KB8eNVWcSoYui0Us2z5VKHiEruZaYDuRSENfYMsf3U7rrSeUisfRgx4n6IV0EPE+Z1Qbye0KfCS9csWu2jOQVeLkpAI5Gr3yTzeIWRpipJmgSnUcO9FeRqXmTOCk1E0VJpSN6AA7hkY0ROVlM7MTcmaUgPRjaV6kyUz9O5HRUKlx6JvOkOqhWq5Nxf9qnVT3r72MR0mqMWLzRf1UEB2T6eUk4BKZFmNDKJPceCVsSCVl2uSzsEWZo4YYLBySmU+V8V8yaTnL2ayS5kXVuazW7muV+k2eWxFO4BTOwYErqMMdNMAFBhye4RXerBfr3fqwPuetBSufOYYFWF+/STWf1g==</latexit>
<latexit sha1_base64="bPA8RF6mLsafw4K6bA8U52iT0qQ="></latexit>

h1�12�2 |M†M|1�12�2i

<latexit sha1_base64="aGPmII+zC0c3fgqSD9eyO1gNZcc=">AAACIXicbVC7TsMwFHXKq5RHA4wsFhUSU5WgChgrWBgYikQfUhtVjuMkVh07sh1QFfVLGIGPYUNsiE9hwW0z0JYjWTo6517fe4+fMqq043xZpbX1jc2t8nZlZ3dvv2ofHHaUyCQmbSyYkD0fKcIoJ21NNSO9VBKU+Ix0/dHN1O8+Eqmo4A96nBIvQRGnIcVIG2loVwd3gkeSRrFGUoqnoV1z6s4McJW4BamBAq2h/TMIBM4SwjVmSKm+66Tay5HUFDMyqQwyRVKERygifUM5Sojy8tniE3hqlACGQprHNZypfztylCg1TnxTmSAdq2VvKv7n9TMdXnk55WmmCcfzQWHGoBZwmgIMqCRYs7EhCEtqdoU4RhJhbbJamKLMUTEJFg7JzafK7F8xabnL2aySznndvag37hu15nWRWxkcgxNwBlxwCZrgFrRAG2CQgWfwCt6sF+vd+rA+56Ulq+g5Aguwvn8B2uSk4g==</latexit>

=)

<latexit sha1_base64="li55xqirk4kBbnpZrV/2mtBAB+0="></latexit>���A(2)
�1�2

(t)
���

A(2)
�1�2

(0)
 1

⇣
1 + t/2

M2�2m2

⌘3finite-t arc bounded by t=0:

2304.02550 B.B., Isabella, Ricossa, Riva up to small EFT-controlled error



Back to Massive Gravity
<latexit sha1_base64="qJEq5c9XQ3OpNkSDkKIkESOrMGM="></latexit>

L =
p
�g

m2
Pl

2


R� m2

4

�
h2 + . . .+ c3h

3 + . . . d5h
4
��

5 d.o.f,  2 free parameters

hµ⌫ ! h(±2)
µ⌫ + @(µA

(±1)
⌫) + @µ@⌫⇡

(0) ⇤3 = (m2MPl)
1/3 ⇡ 10�13 eV ⇡ (1000 km)�1



Back to Massive Gravity
<latexit sha1_base64="qJEq5c9XQ3OpNkSDkKIkESOrMGM="></latexit>

L =
p
�g

m2
Pl

2


R� m2

4

�
h2 + . . .+ c3h

3 + . . . d5h
4
��

5 d.o.f,  2 free parameters

hµ⌫ ! h(±2)
µ⌫ + @(µA

(±1)
⌫) + @µ@⌫⇡

(0) ⇤3 = (m2MPl)
1/3 ⇡ 10�13 eV ⇡ (1000 km)�1

vs



Back to Massive Gravity
<latexit sha1_base64="qJEq5c9XQ3OpNkSDkKIkESOrMGM="></latexit>

L =
p
�g

m2
Pl

2


R� m2

4

�
h2 + . . .+ c3h

3 + . . . d5h
4
��

5 d.o.f,  2 free parameters

hµ⌫ ! h(±2)
µ⌫ + @(µA

(±1)
⌫) + @µ@⌫⇡

(0) ⇤3 = (m2MPl)
1/3 ⇡ 10�13 eV ⇡ (1000 km)�1

vs

<latexit sha1_base64="81kc+trGzhfDk8a71MH3F6c0kSo="></latexit>

|A�1�2(t)|
A�1�2(0)

 1
⇣
1 + t/2

M2�2m2

⌘3

TENSION! 



Back to Massive Gravity
<latexit sha1_base64="qJEq5c9XQ3OpNkSDkKIkESOrMGM="></latexit>

L =
p
�g

m2
Pl

2


R� m2

4

�
h2 + . . .+ c3h

3 + . . . d5h
4
��

5 d.o.f,  2 free parameters

hµ⌫ ! h(±2)
µ⌫ + @(µA

(±1)
⌫) + @µ@⌫⇡

(0) ⇤3 = (m2MPl)
1/3 ⇡ 10�13 eV ⇡ (1000 km)�1

vs

<latexit sha1_base64="81kc+trGzhfDk8a71MH3F6c0kSo="></latexit>

|A�1�2(t)|
A�1�2(0)

 1
⇣
1 + t/2

M2�2m2

⌘3

TENSION! 

no intersection—>  M bounded above by few m
(assuming analyticity in s cut-plane for |t| within EFT)



Massive Gravity Cutoff

<latexit sha1_base64="aGPmII+zC0c3fgqSD9eyO1gNZcc=">AAACIXicbVC7TsMwFHXKq5RHA4wsFhUSU5WgChgrWBgYikQfUhtVjuMkVh07sh1QFfVLGIGPYUNsiE9hwW0z0JYjWTo6517fe4+fMqq043xZpbX1jc2t8nZlZ3dvv2ofHHaUyCQmbSyYkD0fKcIoJ21NNSO9VBKU+Ix0/dHN1O8+Eqmo4A96nBIvQRGnIcVIG2loVwd3gkeSRrFGUoqnoV1z6s4McJW4BamBAq2h/TMIBM4SwjVmSKm+66Tay5HUFDMyqQwyRVKERygifUM5Sojy8tniE3hqlACGQprHNZypfztylCg1TnxTmSAdq2VvKv7n9TMdXnk55WmmCcfzQWHGoBZwmgIMqCRYs7EhCEtqdoU4RhJhbbJamKLMUTEJFg7JzafK7F8xabnL2aySznndvag37hu15nWRWxkcgxNwBlxwCZrgFrRAG2CQgWfwCt6sF+vd+rA+56Ulq+g5Aguwvn8B2uSk4g==</latexit>

=)
<latexit sha1_base64="V2TShlph6iWO3B98kS6/GbyHBZg=">AAACJ3icbVDLSgMxFM3UV62vUXHlJliEuikzWtSFi6KbboQK9gHtUDKZTBuaZIYkI5ShH+NS/Rh3oku/w41pOwvbeiBwOOfe3HuPHzOqtON8WbmV1bX1jfxmYWt7Z3fP3j9oqiiRmDRwxCLZ9pEijArS0FQz0o4lQdxnpOUP7yZ+64lIRSPxqEcx8TjqCxpSjLSRevbRPbyBFw7ksKsoh1HJdc5grWcXnbIzBVwmbkaKIEO9Z/90gwgnnAiNGVKq4zqx9lIkNcWMjAvdRJEY4SHqk46hAnGivHS6/hieGiWAYSTNExpO1b8dKeJKjbhvKjnSA7XoTcT/vE6iw2svpSJONBF4NihMGNQRnGQBAyoJ1mxkCMKSml0hHiCJsDaJzU1R5qgBCeYOSc2nyuxfMGm5i9ksk+Z52b0sVx4qxeptllseHIMTUAIuuAJVUAN10AAYpOAZvII368V6tz6sz1lpzsp6DsEcrO9f/3GkEA==</latexit>

M < 30m ⇠ o(10)H

no parametric separation with m

teeny tiny range of validity 
(60 orders worse than GR!)2304.02550 B.B., Isabella, Ricossa, Riva

<latexit sha1_base64="81kc+trGzhfDk8a71MH3F6c0kSo="></latexit>

|A�1�2(t)|
A�1�2(0)

 1
⇣
1 + t/2

M2�2m2

⌘3

no physical system in the universe where this EFT can be used



Isolated J>2 Spins? 

suffer of the same problem: 

longitudinal-helicities grow too fast with energy, either in s or t or both  

<latexit sha1_base64="CIrNI6wPI6sI6hEnyyMbV4fZKh4="></latexit>

M(J�even)
long. = g2(mJ/⇤J)

"✓
E

mJ

◆3J

+ . . .+
E4

m4
J

+ . . .

#
<latexit sha1_base64="mGGH014hWNDv4lv0IenSFsuYO+A="></latexit>

M(J�odd)
long. = g2(mJ/⇤J)

"✓
E

mJ

◆3J+1

+ . . .+
E4

m4
J

+ . . .

#

1903.08664 B.B.,  F. Riva, J. Serra, F. Sgarlata 

example J=3: fails positive already @ t=0



Conclusions



Conclusions

do massive higher-spins only come in towers of infinitely many states  ? 
e.g. KK tower, Regge states, QCD resonances,… (no parametric separation)

I. positivity bounds shape  
   the swampland-landscape boundary 

 
II. isolated (M>>m) higher-spins  
    can’t be UV completed 
    (corollary: massive gravity is not positive!)

Open Question for Christmas: 

UV

naïve EFT (~swampland)

IR

energy

QFT-landscape

QFT

massive gravity & 
isolated Higher spins

QG/strings

R+ LQFT + . . .
<latexit sha1_base64="Buq8mq9mdW45jJymOhR/vNkcmxU=">AAACLHicbVDLSsNAFJ3UV62vqDvdDBZBKJSkCrosCuLCRSt9QRPCZDJph04ezEyEEgJ+jUv1Y9yIuPUn3Dhpu7CtFwYO59w7957jxowKaRgfWmFldW19o7hZ2tre2d3T9w86Iko4Jm0csYj3XCQIoyFpSyoZ6cWcoMBlpOuObnK9+0i4oFHYkuOY2AEahNSnGElFOfrRQ8UKkBxixNL7zEmbt62sYjEvksLRy0bVmBRcBuYMlMGsGo7+Y3kRTgISSsyQEH3TiKWdIi4pZiQrWYkgMcIjNCB9BUMUEGGnEw8ZPFWMB/2IqxdKOGH/TqQoEGIcuKozv1csajn5n9ZPpH9lpzSME0lCPF3kJwzKCOaBQI9ygiUbK4Awp+pWiIeIIyxVbHNbhDI1JN6ckVR9KtT9JZWWuZjNMujUquZ5tda8KNevZ7kVwTE4AWfABJegDu5AA7QBBk/gGbyCN+1Fe9c+ta9pa0GbzRyCudK+fwHytaj8</latexit>



thank you!
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