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Outline
•Introduction to massive gravity and the massive spin-2 cast of 

characters.  

•Review of ingredients for constructing on-shell superamplitudes  

•Procedure on how to build and constrain massive on-shell 
superamplitudes 

•Application to massive spin-2 and the results for cubic amplitudes 

•Double copy application 

•Conclusions and current/future work
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•Can potentially give interesting alternatives with regards to understanding dark 
energy and the small value of the cosmological constant. 

•Can describe composite states that arise, such as in nuclear resonances of QCD. 

•May be necessary for “islands” to exist in information paradox resolution.

Why Massive Gravity?
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Linearized Ghost-Free Massive Gravity
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•The linearized GR piece is invariant under  

•This is broken by the mass term

GR terms mass terms

�hµ⌫ = @µ⇠⌫ + @⌫⇠µ
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Helicity Analysis

Introduce helicity fields 

and take the relativistic limit  

giving a total of 5 degrees of freedom. (GR has 2 dof.) 

8
<

:

hµ⌫ helicity ±2 2 dof
Aµ helicity ±1 2 dof
� helicity 0 1 dof
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Massive Gravity Non-Linear Interactions
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means trace with indices raised via 
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Scattering Amplitudes from Massive Gravity
•Generic massive gravity has a cutoff scale of  

•If we pick                  , the cutoff length is the size of the 
solar system   

•In the high energy limit, generic massive gravity has four-
graviton scattering amplitudes that grow with energy like  

•Has an extra scalar degree of freedom with a wrong sign 
kinetic term, the Boulware-Deser ghost, giving the theory 
6 degrees of freedom.

Mp

⇤5

m

⇤5

⇠ (@2�)3

⇤5
5

, ⇤5 = (Mpm
4)1/5

A4(hhhh) ⇠ E10
<latexit sha1_base64="MobUndwGGJyPKmjFjJ8WLvaDakU=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqZsiUgi6rIrisYB/QGYdMmmlDMw+SjFCG2bnxV9y4UMStv+DOvzHTVvB5IORwzr3ce4+fcCYVQu/G3PzC4tJyaaW8ura+sWlubbdlnApCWyTmsej6WFLOItpSTHHaTQTFoc9pxx+dFX7nhgrJ4uhKjRPqhngQsYARrLTkmXtOiNWQYJ6d5F69OtQ4dCQL4fl1ZqPcMyvIqqEC8DexrcmPKmCGpme+Of2YpCGNFOFYyp6NEuVmWChGOM3LTippgskID2hP0wiHVLrZ5I4cHmilD4NY6BcpOFG/dmQ4lHIc+rqy2Fr+9ArxL6+XquDYzViUpIpGZDooSDlUMSxCgX0mKFF8rAkmguldIRligYnS0ZV1CJ+Xwv9Ju2bZyLIv65XG6SyOEtgF+6AKbHAEGuACNEELEHAL7sEjeDLujAfj2XiZls4Zs54d8A3G6we/s5iR</latexit><latexit sha1_base64="MobUndwGGJyPKmjFjJ8WLvaDakU=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqZsiUgi6rIrisYB/QGYdMmmlDMw+SjFCG2bnxV9y4UMStv+DOvzHTVvB5IORwzr3ce4+fcCYVQu/G3PzC4tJyaaW8ura+sWlubbdlnApCWyTmsej6WFLOItpSTHHaTQTFoc9pxx+dFX7nhgrJ4uhKjRPqhngQsYARrLTkmXtOiNWQYJ6d5F69OtQ4dCQL4fl1ZqPcMyvIqqEC8DexrcmPKmCGpme+Of2YpCGNFOFYyp6NEuVmWChGOM3LTippgskID2hP0wiHVLrZ5I4cHmilD4NY6BcpOFG/dmQ4lHIc+rqy2Fr+9ArxL6+XquDYzViUpIpGZDooSDlUMSxCgX0mKFF8rAkmguldIRligYnS0ZV1CJ+Xwv9Ju2bZyLIv65XG6SyOEtgF+6AKbHAEGuACNEELEHAL7sEjeDLujAfj2XiZls4Zs54d8A3G6we/s5iR</latexit><latexit sha1_base64="MobUndwGGJyPKmjFjJ8WLvaDakU=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqZsiUgi6rIrisYB/QGYdMmmlDMw+SjFCG2bnxV9y4UMStv+DOvzHTVvB5IORwzr3ce4+fcCYVQu/G3PzC4tJyaaW8ura+sWlubbdlnApCWyTmsej6WFLOItpSTHHaTQTFoc9pxx+dFX7nhgrJ4uhKjRPqhngQsYARrLTkmXtOiNWQYJ6d5F69OtQ4dCQL4fl1ZqPcMyvIqqEC8DexrcmPKmCGpme+Of2YpCGNFOFYyp6NEuVmWChGOM3LTippgskID2hP0wiHVLrZ5I4cHmilD4NY6BcpOFG/dmQ4lHIc+rqy2Fr+9ArxL6+XquDYzViUpIpGZDooSDlUMSxCgX0mKFF8rAkmguldIRligYnS0ZV1CJ+Xwv9Ju2bZyLIv65XG6SyOEtgF+6AKbHAEGuACNEELEHAL7sEjeDLujAfj2XiZls4Zs54d8A3G6we/s5iR</latexit><latexit sha1_base64="MobUndwGGJyPKmjFjJ8WLvaDakU=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqZsiUgi6rIrisYB/QGYdMmmlDMw+SjFCG2bnxV9y4UMStv+DOvzHTVvB5IORwzr3ce4+fcCYVQu/G3PzC4tJyaaW8ura+sWlubbdlnApCWyTmsej6WFLOItpSTHHaTQTFoc9pxx+dFX7nhgrJ4uhKjRPqhngQsYARrLTkmXtOiNWQYJ6d5F69OtQ4dCQL4fl1ZqPcMyvIqqEC8DexrcmPKmCGpme+Of2YpCGNFOFYyp6NEuVmWChGOM3LTippgskID2hP0wiHVLrZ5I4cHmilD4NY6BcpOFG/dmQ4lHIc+rqy2Fr+9ArxL6+XquDYzViUpIpGZDooSDlUMSxCgX0mKFF8rAkmguldIRligYnS0ZV1CJ+Xwv9Ju2bZyLIv65XG6SyOEtgF+6AKbHAEGuACNEELEHAL7sEjeDLujAfj2XiZls4Zs54d8A3G6we/s5iR</latexit>

mg ⇠ 10�32eV
<latexit sha1_base64="yyu66YamM8z/RHkxUoua3mDf6os=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpD0gXVXdOOygn1AG8NkOmmHziRhZiKWkF9x40IRt/6IO//GaRtBRQ9cOJxzL/fe48eMSmXbH0ZhZXVtfaO4Wdra3tndM/fLXRklApMOjlgk+j6ShNGQdBRVjPRjQRD3Gen508u537sjQtIovFGzmLgcjUMaUIyUljyzzL3xUFIOHfs2Pa1VM9L1zIptVavNWqMBl+S8mZN6AzqWvUAF5Gh75vtwFOGEk1BhhqQcOHas3BQJRTEjWWmYSBIjPEVjMtA0RJxIN13cnsFjrYxgEAldoYIL9ftEiriUM+7rTo7URP725uJf3iBRQdNNaRgnioR4uShIGFQRnAcBR1QQrNhME4QF1bdCPEECYaXjKukQvj6F/5Nu1XJsy7muV1oXeRxFcAiOwAlwwBlogSvQBh2AwT14AE/g2ciMR+PFeF22Fox85gD8gPH2Cdmdk6w=</latexit><latexit sha1_base64="yyu66YamM8z/RHkxUoua3mDf6os=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpD0gXVXdOOygn1AG8NkOmmHziRhZiKWkF9x40IRt/6IO//GaRtBRQ9cOJxzL/fe48eMSmXbH0ZhZXVtfaO4Wdra3tndM/fLXRklApMOjlgk+j6ShNGQdBRVjPRjQRD3Gen508u537sjQtIovFGzmLgcjUMaUIyUljyzzL3xUFIOHfs2Pa1VM9L1zIptVavNWqMBl+S8mZN6AzqWvUAF5Gh75vtwFOGEk1BhhqQcOHas3BQJRTEjWWmYSBIjPEVjMtA0RJxIN13cnsFjrYxgEAldoYIL9ftEiriUM+7rTo7URP725uJf3iBRQdNNaRgnioR4uShIGFQRnAcBR1QQrNhME4QF1bdCPEECYaXjKukQvj6F/5Nu1XJsy7muV1oXeRxFcAiOwAlwwBlogSvQBh2AwT14AE/g2ciMR+PFeF22Fox85gD8gPH2Cdmdk6w=</latexit><latexit sha1_base64="yyu66YamM8z/RHkxUoua3mDf6os=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpD0gXVXdOOygn1AG8NkOmmHziRhZiKWkF9x40IRt/6IO//GaRtBRQ9cOJxzL/fe48eMSmXbH0ZhZXVtfaO4Wdra3tndM/fLXRklApMOjlgk+j6ShNGQdBRVjPRjQRD3Gen508u537sjQtIovFGzmLgcjUMaUIyUljyzzL3xUFIOHfs2Pa1VM9L1zIptVavNWqMBl+S8mZN6AzqWvUAF5Gh75vtwFOGEk1BhhqQcOHas3BQJRTEjWWmYSBIjPEVjMtA0RJxIN13cnsFjrYxgEAldoYIL9ftEiriUM+7rTo7URP725uJf3iBRQdNNaRgnioR4uShIGFQRnAcBR1QQrNhME4QF1bdCPEECYaXjKukQvj6F/5Nu1XJsy7muV1oXeRxFcAiOwAlwwBlogSvQBh2AwT14AE/g2ciMR+PFeF22Fox85gD8gPH2Cdmdk6w=</latexit><latexit sha1_base64="yyu66YamM8z/RHkxUoua3mDf6os=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpD0gXVXdOOygn1AG8NkOmmHziRhZiKWkF9x40IRt/6IO//GaRtBRQ9cOJxzL/fe48eMSmXbH0ZhZXVtfaO4Wdra3tndM/fLXRklApMOjlgk+j6ShNGQdBRVjPRjQRD3Gen508u537sjQtIovFGzmLgcjUMaUIyUljyzzL3xUFIOHfs2Pa1VM9L1zIptVavNWqMBl+S8mZN6AzqWvUAF5Gh75vtwFOGEk1BhhqQcOHas3BQJRTEjWWmYSBIjPEVjMtA0RJxIN13cnsFjrYxgEAldoYIL9ftEiriUM+7rTo7URP725uJf3iBRQdNNaRgnioR4uShIGFQRnAcBR1QQrNhME4QF1bdCPEECYaXjKukQvj6F/5Nu1XJsy7muV1oXeRxFcAiOwAlwwBlogSvQBh2AwT14AE/g2ciMR+PFeF22Fox85gD8gPH2Cdmdk6w=</latexit>

1

⇤5
⇠ 1010km

<latexit sha1_base64="NDYtfMe4HPaYEmHdQMKJy99amfk=">AAACCnicdVDLSgMxFM34rPVVdekmWgRXJVNa2u6Kbly4qGAf0KlDJpNpQ5OZIckIZZi1G3/FjQtF3PoF7vwb04egogcCh3Pu4eYeL+ZMaYQ+rKXlldW19dxGfnNre2e3sLffUVEiCW2TiEey52FFOQtpWzPNaS+WFAuP0643Pp/63VsqFYvCaz2J6UDgYcgCRrA2kls4cgKJSWpnqXNpUj52q5mjmIA2ukltlI2FWyiiUhnVGtU6nJNGbUEqdWiX0AxFsEDLLbw7fkQSQUNNOFaqb6NYD1IsNSOcZnknUTTGZIyHtG9oiAVVg3R2SgZPjOLDIJLmhRrO1O+JFAulJsIzkwLrkfrtTcW/vH6ig/ogZWGcaBqS+aIg4VBHcNoL9JmkRPOJIZhIZv4KyQibbrRpL29K+LoU/k865ZKNSvZVpdg8W9SRA4fgGJwCG9RAE1yAFmgDAu7AA3gCz9a99Wi9WK/z0SVrkTkAP2C9fQLKe5pT</latexit><latexit sha1_base64="NDYtfMe4HPaYEmHdQMKJy99amfk=">AAACCnicdVDLSgMxFM34rPVVdekmWgRXJVNa2u6Kbly4qGAf0KlDJpNpQ5OZIckIZZi1G3/FjQtF3PoF7vwb04egogcCh3Pu4eYeL+ZMaYQ+rKXlldW19dxGfnNre2e3sLffUVEiCW2TiEey52FFOQtpWzPNaS+WFAuP0643Pp/63VsqFYvCaz2J6UDgYcgCRrA2kls4cgKJSWpnqXNpUj52q5mjmIA2ukltlI2FWyiiUhnVGtU6nJNGbUEqdWiX0AxFsEDLLbw7fkQSQUNNOFaqb6NYD1IsNSOcZnknUTTGZIyHtG9oiAVVg3R2SgZPjOLDIJLmhRrO1O+JFAulJsIzkwLrkfrtTcW/vH6ig/ogZWGcaBqS+aIg4VBHcNoL9JmkRPOJIZhIZv4KyQibbrRpL29K+LoU/k865ZKNSvZVpdg8W9SRA4fgGJwCG9RAE1yAFmgDAu7AA3gCz9a99Wi9WK/z0SVrkTkAP2C9fQLKe5pT</latexit><latexit sha1_base64="NDYtfMe4HPaYEmHdQMKJy99amfk=">AAACCnicdVDLSgMxFM34rPVVdekmWgRXJVNa2u6Kbly4qGAf0KlDJpNpQ5OZIckIZZi1G3/FjQtF3PoF7vwb04egogcCh3Pu4eYeL+ZMaYQ+rKXlldW19dxGfnNre2e3sLffUVEiCW2TiEey52FFOQtpWzPNaS+WFAuP0643Pp/63VsqFYvCaz2J6UDgYcgCRrA2kls4cgKJSWpnqXNpUj52q5mjmIA2ukltlI2FWyiiUhnVGtU6nJNGbUEqdWiX0AxFsEDLLbw7fkQSQUNNOFaqb6NYD1IsNSOcZnknUTTGZIyHtG9oiAVVg3R2SgZPjOLDIJLmhRrO1O+JFAulJsIzkwLrkfrtTcW/vH6ig/ogZWGcaBqS+aIg4VBHcNoL9JmkRPOJIZhIZv4KyQibbrRpL29K+LoU/k865ZKNSvZVpdg8W9SRA4fgGJwCG9RAE1yAFmgDAu7AA3gCz9a99Wi9WK/z0SVrkTkAP2C9fQLKe5pT</latexit><latexit sha1_base64="NDYtfMe4HPaYEmHdQMKJy99amfk=">AAACCnicdVDLSgMxFM34rPVVdekmWgRXJVNa2u6Kbly4qGAf0KlDJpNpQ5OZIckIZZi1G3/FjQtF3PoF7vwb04egogcCh3Pu4eYeL+ZMaYQ+rKXlldW19dxGfnNre2e3sLffUVEiCW2TiEey52FFOQtpWzPNaS+WFAuP0643Pp/63VsqFYvCaz2J6UDgYcgCRrA2kls4cgKJSWpnqXNpUj52q5mjmIA2ukltlI2FWyiiUhnVGtU6nJNGbUEqdWiX0AxFsEDLLbw7fkQSQUNNOFaqb6NYD1IsNSOcZnknUTTGZIyHtG9oiAVVg3R2SgZPjOLDIJLmhRrO1O+JFAulJsIzkwLrkfrtTcW/vH6ig/ogZWGcaBqS+aIg4VBHcNoL9JmkRPOJIZhIZv4KyQibbrRpL29K+LoU/k865ZKNSvZVpdg8W9SRA4fgGJwCG9RAE1yAFmgDAu7AA3gCz9a99Wi9WK/z0SVrkTkAP2C9fQLKe5pT</latexit>

7

<latexit sha1_base64="MHqMMPjCUNJF/k6wTJzp0uSJcfs=">AAACBXicdVDLSsNAFJ34rPUVdamLwSLUTUhKUZdVEV1WsQ9o0jCZTtqhkwczE6GEbNz4K25cKOLWf3Dn3zhpK/g8MMzhnHu59x4vZlRI03zXZmbn5hcWC0vF5ZXVtXV9Y7MpooRj0sARi3jbQ4IwGpKGpJKRdswJCjxGWt7wNPdbN4QLGoXXchQTJ0D9kPoUI6kkV98p2wGSA4xYepy51W56fpXZggbwrFvZd/WSaVTMHPA3sYzxb5bAFHVXf7N7EU4CEkrMkBAdy4ylkyIuKWYkK9qJIDHCQ9QnHUVDFBDhpOMrMrinlB70I65eKOFY/dqRokCIUeCpynxl8dPLxb+8TiL9IyelYZxIEuLJID9hUEYwjwT2KCdYspEiCHOqdoV4gDjCUgVXVCF8Xgr/J82KYR0Y1ctqqXYyjaMAtsEuKAMLHIIauAB10AAY3IJ78AietDvtQXvWXialM9q0Zwt8g/b6ARpMl64=</latexit>

(AGR
4 ⇠ E2)



Scattering Amplitudes from tuned (dRGT) Massive Gravity

Mp

⇤5

m

⇤3

⇤4

• Can tune the parameters to remove interactions coming in at scales: 

• This raises the cutoff scale to       and leaves 2 free parameters 

• For a graviton mass,                     , the cutoff length is size of Texas.  

• In high energy limit, four-graviton amplitudes grow with energy like  

• The Boulware-Deser ghost is removed, giving the theory 5 DOF.

⇠ h(@2�)n

⇤3(n�1)
3
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C. de Rham, G. Gabadadze, and A. J. Tolley, “Resummation of Massive Gravity,” arXiv:1011.1232 [hep-th]. 

S. F. Hassan and R. A. Rosen, “Resolving the Ghost Problem in non-Linear Massive Gravity,” arXiv:1106.3344 [hep-th].  
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Special Values of  
dRGT Massive Gravity

↵3 = �1

2
, ↵4 =

1

8
<latexit sha1_base64="tCitYb5J70m+PiBYOkLGCEx/HpA="></latexit><latexit sha1_base64="tCitYb5J70m+PiBYOkLGCEx/HpA="></latexit><latexit sha1_base64="tCitYb5J70m+PiBYOkLGCEx/HpA="></latexit><latexit sha1_base64="tCitYb5J70m+PiBYOkLGCEx/HpA="></latexit>

•Partially massless decoupling 
limit on de Sitter spacetime

C. De Rham, K. Hinterbichler, and L. A. Johnson, 
On the (A)dS Decoupling Limits of Massive 
Gravity, JHEP 09, 154 (2018), arXiv:1807.08754 
[hep-th].

J. Bonifacio, K. Hinterbichler, A. Joyce, and R. A. Rosen, Massive 
and Massless Spin-2 Scattering and Asymptotic Superluminality, 
JHEP 06, 075, arXiv:1712.10020 [hepth].

•Imposing no 
asymptotic 
superluminal 
propagation

•Eikonal 4-point scattering 

   

-large impact parameter 
-small scattering angle  
-small momentum transfer 
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Pseudo-Linear Massive Gravity
• Linearized Massive Gravity   

• with potential 

• Also ghost-free and has a cutoff of 

• In high energy limit, four-graviton amplitudes grow with energy like  

S =

Z
d4x


� 1

2
@�hµ⌫@

�hµ⌫ + @µh⌫�@
⌫hµ� � @µh

µ⌫@⌫h+
1

2
@�h@

�h

� 1

2
m2(hµ⌫h

µ⌫ � h2)

�
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� �0,4
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✏µ1µ2µ3µ4✏⌫1⌫2⌫3⌫4hµ1⌫1hµ2⌫2hµ3⌫3hµ4⌫4
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James Bonifacio, Kurt Hinterbichler, Laura A. Johnson, “Pseudo-Linear Spin-2 Interactions,” Phys.Rev. D99 (2019) no.2 024037, arXiv:1806.00483 [hep-th].
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K. Hinterbichler, Ghost-free derivative interactions for a massive graviton, J. High Energy Phys. 10 (2013) 102.
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A1 =
m2

MP
(z1 · z2)(z1 · z3)(z2 · z3)

A2 =
1

MP
[(z2 · z3)(p2 · z1) + (z1 · z3)(p3 · z2) + (z1 · z2)(p1 · z3)]2

A3 =
1

MP

⇥
(z2 · z3)2(p2 · z1)2 + (z1 · z3)2(p3 · z2)2 + (z1 · z2)2(p1 · z3)2

⇤

A4 =
1

m4MP
(p2 · z1)2(p3 · z2)2(p1 · z3)2

B1 =
1

MP
[(z1 · z3)(z2 · z3)✏(p1p2z1z2)� (z1 · z2)(z2 · z3)✏(p1p2z1z3) + (z1 · z2)(z1 · z3)✏(p1p2z2z3)]

B2 =
1
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Massive Spin-2 Cast of Characters

Lagrangian Operators

✏µ⌫(pi) ! ziµz
i
⌫
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✏µ⌫↵�v
µ
1 v

⌫
2v

↵
3 v

�
4 ⌘ ✏(v1v2v3v4)

<latexit sha1_base64="oo0moKkEcpVRNFtzhrZBNjj//KM="></latexit><latexit sha1_base64="oo0moKkEcpVRNFtzhrZBNjj//KM="></latexit><latexit sha1_base64="oo0moKkEcpVRNFtzhrZBNjj//KM="></latexit><latexit sha1_base64="oo0moKkEcpVRNFtzhrZBNjj//KM="></latexit>

11



Motivation for Supersymmetry

Bosons

Fermions

Supersymmetry

•UV completion of massive gravity is unknown 

•Required in string theory to remove tachyonic modes and solves many other problems 

•Can tame running parameters, provides non-renormalisation theorems 

•Provides dark matter candidates, although strongly constrained 

•Supersymmetry can often provide simpler toy models 

12



• We consider all particles to be massive and have the same mass. 

• Unlike in GR where the maximal amount of supersymmetry is            , for 
massive gravitons, it’s            . 

• The multiplets have to be long. Otherwise the graviton would carry a charge.   

Multiplets with Single Massive Spin-2 
as the Highest Spin Particle

spin-0 spin-1/2 spin-1 spin-3/2 spin-2
N = 4 42 48 27 8 1
N = 3 14 20 15 6 1
N = 2 1 4 6 4 1
N = 1 0 0 1 2 1
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Multiplets with Single Massive Spin-2 
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N = 4
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States are labelled with capital Latin indices I,J,... corresponding to SU(2)LG and lower- case Latin indices a,b,... corresponding to SU(N)R.



Massive On-shell Superspace

• On-shell superspace helps organize the states and amplitudes of a given supermultiplet 

• We introduced Grassmann variables      which allow us to write the states as a superfield                               ⌘IA
<latexit sha1_base64="xJIoY604fkx0PhI7c1xC9+ef/fY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmaKoMuqG91VsA9px5JJ77ShSWZIMkIZ+hVuXCji1s9x59+YaSv4PBByOOde7r0nTDjTxvPencLC4tLySnG1tLa+sblV3t5p6jhVFBo05rFqh0QDZxIahhkO7UQBESGHVjg6z/3WHSjNYnltxgkEggwkixglxko3XTCkd3p7WeqVK55b9XLg38R3p79XQXPUe+W3bj+mqQBpKCdad3wvMUFGlGGUw6TUTTUkhI7IADqWSiJAB9l04Qk+sEofR7GyTxo8Vb92ZERoPRahrRTEDPVPLxf/8jqpiU6CjMkkNSDpbFCUcmxinF+P+0wBNXxsCaGK2V0xHRJFqLEZ5SF8Xor/J82q63uuf3VUqZ3N4yiiPbSPDpGPjlENXaA6aiCKBLpHj+jJUc6D8+y8zEoLzrxnF32D8/oB1FqPwQ==</latexit><latexit sha1_base64="xJIoY604fkx0PhI7c1xC9+ef/fY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmaKoMuqG91VsA9px5JJ77ShSWZIMkIZ+hVuXCji1s9x59+YaSv4PBByOOde7r0nTDjTxvPencLC4tLySnG1tLa+sblV3t5p6jhVFBo05rFqh0QDZxIahhkO7UQBESGHVjg6z/3WHSjNYnltxgkEggwkixglxko3XTCkd3p7WeqVK55b9XLg38R3p79XQXPUe+W3bj+mqQBpKCdad3wvMUFGlGGUw6TUTTUkhI7IADqWSiJAB9l04Qk+sEofR7GyTxo8Vb92ZERoPRahrRTEDPVPLxf/8jqpiU6CjMkkNSDpbFCUcmxinF+P+0wBNXxsCaGK2V0xHRJFqLEZ5SF8Xor/J82q63uuf3VUqZ3N4yiiPbSPDpGPjlENXaA6aiCKBLpHj+jJUc6D8+y8zEoLzrxnF32D8/oB1FqPwQ==</latexit><latexit sha1_base64="xJIoY604fkx0PhI7c1xC9+ef/fY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmaKoMuqG91VsA9px5JJ77ShSWZIMkIZ+hVuXCji1s9x59+YaSv4PBByOOde7r0nTDjTxvPencLC4tLySnG1tLa+sblV3t5p6jhVFBo05rFqh0QDZxIahhkO7UQBESGHVjg6z/3WHSjNYnltxgkEggwkixglxko3XTCkd3p7WeqVK55b9XLg38R3p79XQXPUe+W3bj+mqQBpKCdad3wvMUFGlGGUw6TUTTUkhI7IADqWSiJAB9l04Qk+sEofR7GyTxo8Vb92ZERoPRahrRTEDPVPLxf/8jqpiU6CjMkkNSDpbFCUcmxinF+P+0wBNXxsCaGK2V0xHRJFqLEZ5SF8Xor/J82q63uuf3VUqZ3N4yiiPbSPDpGPjlENXaA6aiCKBLpHj+jJUc6D8+y8zEoLzrxnF32D8/oB1FqPwQ==</latexit><latexit sha1_base64="xJIoY604fkx0PhI7c1xC9+ef/fY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmaKoMuqG91VsA9px5JJ77ShSWZIMkIZ+hVuXCji1s9x59+YaSv4PBByOOde7r0nTDjTxvPencLC4tLySnG1tLa+sblV3t5p6jhVFBo05rFqh0QDZxIahhkO7UQBESGHVjg6z/3WHSjNYnltxgkEggwkixglxko3XTCkd3p7WeqVK55b9XLg38R3p79XQXPUe+W3bj+mqQBpKCdad3wvMUFGlGGUw6TUTTUkhI7IADqWSiJAB9l04Qk+sEofR7GyTxo8Vb92ZERoPRahrRTEDPVPLxf/8jqpiU6CjMkkNSDpbFCUcmxinF+P+0wBNXxsCaGK2V0xHRJFqLEZ5SF8Xor/J82q63uuf3VUqZ3N4yiiPbSPDpGPjlENXaA6aiCKBLpHj+jJUc6D8+y8zEoLzrxnF32D8/oB1FqPwQ==</latexit>

gravitino gravi-photon graviton gravitino

A. Herderschee, S. Koren, and T. Trott, “Massive On-Shell Supersymmetric Scattering Amplitudes,” 
JHEP 10 (2019) 092, arXiv:1902.07204 [hep-th] 

<latexit sha1_base64="FCTjXI5XEtibZJ6kGFdtStuL6yM=">AAACAnicdVDLSsNAFL3xWeur6krcDBbBVUhKUTdC0Y0rqWAf0IQymUzboZNJmJkIJRQ3/oobF4q49Svc+TdO2go+LwxzOOce7r0nSDhT2nHerbn5hcWl5cJKcXVtfWOztLXdVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwPM/11g2VisXiWo8S6ke4L1iPEawN1S3teqkIqcztmRdhPSCYZ5fjU3fcLZUdu+LkhX4D1578ThlmVe+W3rwwJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y6DAEVV+NjlhjA4ME6JeLM0TGk3Yr44MR0qNosB05luqn1pO/qV1Ut078TMmklRTQaaDeilHOkZ5HihkkhLNRwZgIpnZFZEBlphok1rRhPB5KfofNCu2e2RXr6rl2tksjgLswT4cggvHUIMLqEMDCNzCPTzCk3VnPVjP1su0dc6aeXbgW1mvH9cLl7g=</latexit>

N = 1

<latexit sha1_base64="/ZgRaRnebAOf0u78TRg1UUrbYMM=">AAACAnicdVDLSsNAFL3xWesr6krcDBbBVUlLUTdC0Y0rqWAf0IQymUzboZNJmJkIJQQ3/oobF4q49Svc+TdO2go+LwxzOOce7r3HjzlT2nHerbn5hcWl5cJKcXVtfWPT3tpuqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfned6+4ZKxSJxrccx9UI8EKzPCNaG6tm7biICKnN76oZYDwnm6WV2Ws16dskpV5280G9QKU9+pwSzavTsNzeISBJSoQnHSnUrTqy9FEvNCKdZ0U0UjTEZ4QHtGihwSJWXTk7I0IFhAtSPpHlCown71ZHiUKlx6JvOfEv1U8vJv7RuovsnXspEnGgqyHRQP+FIRyjPAwVMUqL52ABMJDO7IjLEEhNtUiuaED4vRf+DVrVcOSrXrmql+tksjgLswT4cQgWOoQ4X0IAmELiFe3iEJ+vOerCerZdp65w18+zAt7JePwDYkJe5</latexit>

N = 2

15



Massive On-shell Superspace

<latexit sha1_base64="eQJkWJHu+5YIdOjF4lSbp07S+AQ=">AAACAnicdVDLSsNAFL3xWesr6krcDBbBVUhLUTdC0Y0rqWAf0JQymU7aoZNJmJkIJQQ3/oobF4q49Svc+TdO2go+LwxzOOce7r3HjzlT2nXfrbn5hcWl5cJKcXVtfWPT3tpuqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfned664ZKxSJxrccx7YZ4IFjACNaG6tm7XiL6VOb21AuxHhLM08vstJr17JLrVNy80G9Qdia/W4JZ1Xv2m9ePSBJSoQnHSnXKbqy7KZaaEU6zopcoGmMywgPaMVDgkKpuOjkhQweG6aMgkuYJjSbsV0eKQ6XGoW868y3VTy0n/9I6iQ5OuikTcaKpINNBQcKRjlCeB+ozSYnmYwMwkczsisgQS0y0Sa1oQvi8FP0PmhWnfORUr6ql2tksjgLswT4cQhmOoQYXUIcGELiFe3iEJ+vOerCerZdp65w18+zAt7JePwDbmpe7</latexit>

N = 4

<latexit sha1_base64="ggdvtYmPWKhUXh8DX6bpge0pixc=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyGpRd0IRTeupIJ9QBPKZDJph04mYWYilBDc+CtuXCji1q9w5984aSv4vDDM4Zx7uPceP2FUKtt+N0pz8wuLS+Xlysrq2vqGubnVlnEqMGnhmMWi6yNJGOWkpahipJsIgiKfkY4/Oi/0zg0Rksb8Wo0T4kVowGlIMVKa6ps7bsoDIgp75kZIDTFi2WV+epj3zapt1eyi4G/gWJPfroJZNfvmmxvEOI0IV5ghKXuOnSgvQ0JRzEhecVNJEoRHaEB6GnIUEellkxNyuK+ZAIax0I8rOGG/OjIUSTmOfN1ZbCl/agX5l9ZLVXjiZZQnqSIcTweFKYMqhkUeMKCCYMXGGiAsqN4V4iESCCudWkWH8Hkp/B+0a5ZzZNWv6tXG2SyOMtgFe+AAOOAYNMAFaIIWwOAW3INH8GTcGQ/Gs/EybS0ZM882+FbG6wfaFZe6</latexit>

N = 3
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•Graviton field can be projected out from the superfield. 

On-shell Superspace

17



Constraints on the Superamplitudes
• We construct superamplitudes which encode all of the scattering data. 

• Supersymmetry implies superamplitudes must be annihilated by the supercharges, 
  

18



•The 3-graviton contribution to the superamplitude takes the form 

Cubic Superamplitude Construction

Grassman 
delta-function

function of massive 
spinor-helicity variables

Grassman 
polynomial

1. Write down the most general expression for F using spinor-helicity variables. 
2. Remove redundancies due to Schouten identities. 
3. Enforce Bose/Fermi symmetry for indistinguishable superfields.

19



Graviton Superamplitude Structure
N = 1

<latexit sha1_base64="PhV9WcCE82Cw4ZoYbn8FTRjBukg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6eu71yhXsVnEO9Jt47uzGFVig3iu/dfsxTSMmDRVE646HE+NnRBlOBZuWuqlmCaEjMmAdSyWJmPazWegpOrJKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p5It4fOn6H/SrLoedr2bk0rtYlFHEQ7gEI7Bg1OowRXUoQEU7uAeHuHJGTsPzrPzMh8tOIudffgG5/UDhruR7A==</latexit><latexit sha1_base64="PhV9WcCE82Cw4ZoYbn8FTRjBukg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6eu71yhXsVnEO9Jt47uzGFVig3iu/dfsxTSMmDRVE646HE+NnRBlOBZuWuqlmCaEjMmAdSyWJmPazWegpOrJKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p5It4fOn6H/SrLoedr2bk0rtYlFHEQ7gEI7Bg1OowRXUoQEU7uAeHuHJGTsPzrPzMh8tOIudffgG5/UDhruR7A==</latexit><latexit sha1_base64="PhV9WcCE82Cw4ZoYbn8FTRjBukg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6eu71yhXsVnEO9Jt47uzGFVig3iu/dfsxTSMmDRVE646HE+NnRBlOBZuWuqlmCaEjMmAdSyWJmPazWegpOrJKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p5It4fOn6H/SrLoedr2bk0rtYlFHEQ7gEI7Bg1OowRXUoQEU7uAeHuHJGTsPzrPzMh8tOIudffgG5/UDhruR7A==</latexit><latexit sha1_base64="PhV9WcCE82Cw4ZoYbn8FTRjBukg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6eu71yhXsVnEO9Jt47uzGFVig3iu/dfsxTSMmDRVE646HE+NnRBlOBZuWuqlmCaEjMmAdSyWJmPazWegpOrJKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p5It4fOn6H/SrLoedr2bk0rtYlFHEQ7gEI7Bg1OowRXUoQEU7uAeHuHJGTsPzrPzMh8tOIudffgG5/UDhruR7A==</latexit>

20where we define



Graviton Superamplitude Structures

N = 1
<latexit sha1_base64="PhV9WcCE82Cw4ZoYbn8FTRjBukg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6eu71yhXsVnEO9Jt47uzGFVig3iu/dfsxTSMmDRVE646HE+NnRBlOBZuWuqlmCaEjMmAdSyWJmPazWegpOrJKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p5It4fOn6H/SrLoedr2bk0rtYlFHEQ7gEI7Bg1OowRXUoQEU7uAeHuHJGTsPzrPzMh8tOIudffgG5/UDhruR7A==</latexit><latexit sha1_base64="PhV9WcCE82Cw4ZoYbn8FTRjBukg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6eu71yhXsVnEO9Jt47uzGFVig3iu/dfsxTSMmDRVE646HE+NnRBlOBZuWuqlmCaEjMmAdSyWJmPazWegpOrJKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p5It4fOn6H/SrLoedr2bk0rtYlFHEQ7gEI7Bg1OowRXUoQEU7uAeHuHJGTsPzrPzMh8tOIudffgG5/UDhruR7A==</latexit><latexit sha1_base64="PhV9WcCE82Cw4ZoYbn8FTRjBukg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6eu71yhXsVnEO9Jt47uzGFVig3iu/dfsxTSMmDRVE646HE+NnRBlOBZuWuqlmCaEjMmAdSyWJmPazWegpOrJKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p5It4fOn6H/SrLoedr2bk0rtYlFHEQ7gEI7Bg1OowRXUoQEU7uAeHuHJGTsPzrPzMh8tOIudffgG5/UDhruR7A==</latexit><latexit sha1_base64="PhV9WcCE82Cw4ZoYbn8FTRjBukg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6eu71yhXsVnEO9Jt47uzGFVig3iu/dfsxTSMmDRVE646HE+NnRBlOBZuWuqlmCaEjMmAdSyWJmPazWegpOrJKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p5It4fOn6H/SrLoedr2bk0rtYlFHEQ7gEI7Bg1OowRXUoQEU7uAeHuHJGTsPzrPzMh8tOIudffgG5/UDhruR7A==</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

A1 = z12z13z23

A2 = (z23zp12 + z13zp23 + z12zp31)
2

A3 = z223zp
2
12 + z213zp

2
23 + z212zp

2
31

A4 = zp212zp
2
23zp

2
31

B1 = z13z23✏(p1p2z1z2)� z12z23✏(p1p2z1z3) + z12z13✏(p1p2z2z3)

B2 = zp12zp23zp31(zp31✏(p1p2z1z2)� zp23✏(p1p2z1z3) + zp12✏(p1p2z2z3))
<latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit>
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Graviton Superamplitude Structure
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N = 2
<latexit sha1_base64="YqQ+dj9Zkweq7SUdzASf1WCM2qc=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6el7tlSvYreIc6Dfx3NmNK7BAvVd+6/ZjmkZMGiqI1h0PJ8bPiDKcCjYtdVPNEkJHZMA6lkoSMe1ns9BTdGSVPgpjZY80aKZ+3chIpPUkCuxkHlL/9HLxL6+TmvDMz7hMUsMknT8UpgKZGOUNoD5XjBoxsYRQxW1WRIdEEWpsTyVbwudP0f+kWXU97Ho3J5XaxaKOIhzAIRyDB6dQgyuoQwMo3ME9PMKTM3YenGfnZT5acBY7+/ANzusHiD+R7Q==</latexit><latexit sha1_base64="YqQ+dj9Zkweq7SUdzASf1WCM2qc=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6el7tlSvYreIc6Dfx3NmNK7BAvVd+6/ZjmkZMGiqI1h0PJ8bPiDKcCjYtdVPNEkJHZMA6lkoSMe1ns9BTdGSVPgpjZY80aKZ+3chIpPUkCuxkHlL/9HLxL6+TmvDMz7hMUsMknT8UpgKZGOUNoD5XjBoxsYRQxW1WRIdEEWpsTyVbwudP0f+kWXU97Ho3J5XaxaKOIhzAIRyDB6dQgyuoQwMo3ME9PMKTM3YenGfnZT5acBY7+/ANzusHiD+R7Q==</latexit><latexit sha1_base64="YqQ+dj9Zkweq7SUdzASf1WCM2qc=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6el7tlSvYreIc6Dfx3NmNK7BAvVd+6/ZjmkZMGiqI1h0PJ8bPiDKcCjYtdVPNEkJHZMA6lkoSMe1ns9BTdGSVPgpjZY80aKZ+3chIpPUkCuxkHlL/9HLxL6+TmvDMz7hMUsMknT8UpgKZGOUNoD5XjBoxsYRQxW1WRIdEEWpsTyVbwudP0f+kWXU97Ho3J5XaxaKOIhzAIRyDB6dQgyuoQwMo3ME9PMKTM3YenGfnZT5acBY7+/ANzusHiD+R7Q==</latexit><latexit sha1_base64="YqQ+dj9Zkweq7SUdzASf1WCM2qc=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6el7tlSvYreIc6Dfx3NmNK7BAvVd+6/ZjmkZMGiqI1h0PJ8bPiDKcCjYtdVPNEkJHZMA6lkoSMe1ns9BTdGSVPgpjZY80aKZ+3chIpPUkCuxkHlL/9HLxL6+TmvDMz7hMUsMknT8UpgKZGOUNoD5XjBoxsYRQxW1WRIdEEWpsTyVbwudP0f+kWXU97Ho3J5XaxaKOIhzAIRyDB6dQgyuoQwMo3ME9PMKTM3YenGfnZT5acBY7+/ANzusHiD+R7Q==</latexit>



Graviton Superamplitude Structures

N = 2
<latexit sha1_base64="YqQ+dj9Zkweq7SUdzASf1WCM2qc=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6el7tlSvYreIc6Dfx3NmNK7BAvVd+6/ZjmkZMGiqI1h0PJ8bPiDKcCjYtdVPNEkJHZMA6lkoSMe1ns9BTdGSVPgpjZY80aKZ+3chIpPUkCuxkHlL/9HLxL6+TmvDMz7hMUsMknT8UpgKZGOUNoD5XjBoxsYRQxW1WRIdEEWpsTyVbwudP0f+kWXU97Ho3J5XaxaKOIhzAIRyDB6dQgyuoQwMo3ME9PMKTM3YenGfnZT5acBY7+/ANzusHiD+R7Q==</latexit><latexit sha1_base64="YqQ+dj9Zkweq7SUdzASf1WCM2qc=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6el7tlSvYreIc6Dfx3NmNK7BAvVd+6/ZjmkZMGiqI1h0PJ8bPiDKcCjYtdVPNEkJHZMA6lkoSMe1ns9BTdGSVPgpjZY80aKZ+3chIpPUkCuxkHlL/9HLxL6+TmvDMz7hMUsMknT8UpgKZGOUNoD5XjBoxsYRQxW1WRIdEEWpsTyVbwudP0f+kWXU97Ho3J5XaxaKOIhzAIRyDB6dQgyuoQwMo3ME9PMKTM3YenGfnZT5acBY7+/ANzusHiD+R7Q==</latexit><latexit sha1_base64="YqQ+dj9Zkweq7SUdzASf1WCM2qc=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6el7tlSvYreIc6Dfx3NmNK7BAvVd+6/ZjmkZMGiqI1h0PJ8bPiDKcCjYtdVPNEkJHZMA6lkoSMe1ns9BTdGSVPgpjZY80aKZ+3chIpPUkCuxkHlL/9HLxL6+TmvDMz7hMUsMknT8UpgKZGOUNoD5XjBoxsYRQxW1WRIdEEWpsTyVbwudP0f+kWXU97Ho3J5XaxaKOIhzAIRyDB6dQgyuoQwMo3ME9PMKTM3YenGfnZT5acBY7+/ANzusHiD+R7Q==</latexit><latexit sha1_base64="YqQ+dj9Zkweq7SUdzASf1WCM2qc=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQTdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdNW8Hkg5HDOveTkBIng2mD87hSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6DL3W2OmNI/lrZkkzI/IQPKQU2Ks5HcjYoaUiOx6el7tlSvYreIc6Dfx3NmNK7BAvVd+6/ZjmkZMGiqI1h0PJ8bPiDKcCjYtdVPNEkJHZMA6lkoSMe1ns9BTdGSVPgpjZY80aKZ+3chIpPUkCuxkHlL/9HLxL6+TmvDMz7hMUsMknT8UpgKZGOUNoD5XjBoxsYRQxW1WRIdEEWpsTyVbwudP0f+kWXU97Ho3J5XaxaKOIhzAIRyDB6dQgyuoQwMo3ME9PMKTM3YenGfnZT5acBY7+/ANzusHiD+R7Q==</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

A1 = z12z13z23

A2 = (z23zp12 + z13zp23 + z12zp31)
2

A3 = z223zp
2
12 + z213zp

2
23 + z212zp

2
31

A4 = zp212zp
2
23zp

2
31

B1 = z13z23✏(p1p2z1z2)� z12z23✏(p1p2z1z3) + z12z13✏(p1p2z2z3)

B2 = zp12zp23zp31(zp31✏(p1p2z1z2)� zp23✏(p1p2z1z3) + zp12✏(p1p2z2z3))
<latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit>
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Graviton Superamplitude Structure

24

N = 3
<latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit>



Graviton Superamplitude Structures

N = 3
<latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>
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B1 = z13z23✏(p1p2z1z2)� z12z23✏(p1p2z1z3) + z12z13✏(p1p2z2z3)

B2 = zp12zp23zp31(zp31✏(p1p2z1z2)� zp23✏(p1p2z1z3) + zp12✏(p1p2z2z3))
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<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>
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Only structures corresponding to dRGT massive gravity are allowed.



Graviton Superamplitude Structure
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N = 4
<latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit>



Graviton Superamplitude Structures

N = 4
<latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

A1 = z12z13z23

A2 = (z23zp12 + z13zp23 + z12zp31)
2

A3 = z223zp
2
12 + z213zp

2
23 + z212zp

2
31

A4 = zp212zp
2
23zp

2
31

B1 = z13z23✏(p1p2z1z2)� z12z23✏(p1p2z1z3) + z12z13✏(p1p2z2z3)

B2 = zp12zp23zp31(zp31✏(p1p2z1z2)� zp23✏(p1p2z1z3) + zp12✏(p1p2z2z3))
<latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit><latexit sha1_base64="6N9Y0e86mAopN6z8iAFpZAUjD1g="></latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>
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Only allowed structure corresponds to dRGT massive gravity with special tuning.



Cubic Interactions in the High Energy Limit
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Use Massless Susy Ward Identities 

For any supersymmetric theory, this rules out X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

This rules out X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

<latexit sha1_base64="eQJkWJHu+5YIdOjF4lSbp07S+AQ=">AAACAnicdVDLSsNAFL3xWesr6krcDBbBVUhLUTdC0Y0rqWAf0JQymU7aoZNJmJkIJQQ3/oobF4q49Svc+TdO2go+LwxzOOce7r3HjzlT2nXfrbn5hcWl5cJKcXVtfWPT3tpuqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfned664ZKxSJxrccx7YZ4IFjACNaG6tm7XiL6VOb21AuxHhLM08vstJr17JLrVNy80G9Qdia/W4JZ1Xv2m9ePSBJSoQnHSnXKbqy7KZaaEU6zopcoGmMywgPaMVDgkKpuOjkhQweG6aMgkuYJjSbsV0eKQ6XGoW868y3VTy0n/9I6iQ5OuikTcaKpINNBQcKRjlCeB+ozSYnmYwMwkczsisgQS0y0Sa1oQvi8FP0PmhWnfORUr6ql2tksjgLswT4cQhmOoQYXUIcGELiFe3iEJ+vOerCerZdp65w18+zAt7JePwDbmpe7</latexit>

N = 4

<latexit sha1_base64="ggdvtYmPWKhUXh8DX6bpge0pixc=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyGpRd0IRTeupIJ9QBPKZDJph04mYWYilBDc+CtuXCji1q9w5984aSv4vDDM4Zx7uPceP2FUKtt+N0pz8wuLS+Xlysrq2vqGubnVlnEqMGnhmMWi6yNJGOWkpahipJsIgiKfkY4/Oi/0zg0Rksb8Wo0T4kVowGlIMVKa6ps7bsoDIgp75kZIDTFi2WV+epj3zapt1eyi4G/gWJPfroJZNfvmmxvEOI0IV5ghKXuOnSgvQ0JRzEhecVNJEoRHaEB6GnIUEellkxNyuK+ZAIax0I8rOGG/OjIUSTmOfN1ZbCl/agX5l9ZLVXjiZZQnqSIcTweFKYMqhkUeMKCCYMXGGiAsqN4V4iESCCudWkWH8Hkp/B+0a5ZzZNWv6tXG2SyOMtgFe+AAOOAYNMAFaIIWwOAW3INH8GTcGQ/Gs/EybS0ZM882+FbG6wfaFZe6</latexit>

N = 3

<latexit sha1_base64="vXkicCUgldvAhkrwvDX9mD/KLZA=">AAACCHicdVDLSsNAFJ3UV62vqEsXDhbBRQlJLepGKLpxJRXsA5pQJpNpO3QyCTMToYQs3fgrblwo4tZPcOffOGkr+LwwzOGce7j3Hj9mVCrbfjcKc/MLi0vF5dLK6tr6hrm51ZJRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2PzrP9fYNEZJG/FqNY+KFaMBpn2KkNNUzd92EB0Tk9tQNkRpixNLL7NSpVCuHlVrWM8u2VbXzgr+BY01+uwxm1eiZb24Q4SQkXGGGpOw6dqy8FAlFMSNZyU0kiREeoQHpashRSKSXTg7J4L5mAtiPhH5cwQn71ZGiUMpx6OvOfFf5U8vJv7RuovonXkp5nCjC8XRQP2FQRTBPBQZUEKzYWAOEBdW7QjxEAmGlsyvpED4vhf+DVtVyjqzaVa1cP5vFUQQ7YA8cAAccgzq4AA3QBBjcgnvwCJ6MO+PBeDZepq0FY+bZBt/KeP0Ao32ZEQ==</latexit>

N = 1, 2, 3, 4

This rules out
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Results

• At            , dRGT and pseudo-linear massive gravity as well as the 
parity-odd cubic vertex B1. 

• At         , only dRGT massive gravity is allowed. 
• At         , only dRGT massive gravity with the special parameter value 

is allowed.

N = 1, 2
<latexit sha1_base64="6T5GZvorrn/JU5Y4nu+lBJq/o1w=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKQXdCEU3rqSCfUA7lEyaaUMzmSHJCHXol7hxoYhbP8Wdf2OmreDzQMjhnHvJyQkSzpR23XersLS8srpWXC9tbG5tl+2d3ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/FF7rdvqVQsFjd6klA/wkPBQkawNlLfLvcirEcE8+xqeuYdV/t2xXWqbg70m3jO7HYrsECjb7/1BjFJIyo04Viprucm2s+w1IxwOi31UkUTTMZ4SLuGChxR5Wez4FN0aJQBCmNpjtBopn7dyHCk1CQKzGQeU/30cvEvr5vq8NTPmEhSTQWZPxSmHOkY5S2gAZOUaD4xBBPJTFZERlhiok1XJVPC50/R/6RVdTzX8a5rlfr5oo4i7MMBHIEHJ1CHS2hAEwikcA+P8GTdWQ/Ws/UyHy1Yi509+Abr9QPg8ZKP</latexit><latexit sha1_base64="6T5GZvorrn/JU5Y4nu+lBJq/o1w=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKQXdCEU3rqSCfUA7lEyaaUMzmSHJCHXol7hxoYhbP8Wdf2OmreDzQMjhnHvJyQkSzpR23XersLS8srpWXC9tbG5tl+2d3ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/FF7rdvqVQsFjd6klA/wkPBQkawNlLfLvcirEcE8+xqeuYdV/t2xXWqbg70m3jO7HYrsECjb7/1BjFJIyo04Viprucm2s+w1IxwOi31UkUTTMZ4SLuGChxR5Wez4FN0aJQBCmNpjtBopn7dyHCk1CQKzGQeU/30cvEvr5vq8NTPmEhSTQWZPxSmHOkY5S2gAZOUaD4xBBPJTFZERlhiok1XJVPC50/R/6RVdTzX8a5rlfr5oo4i7MMBHIEHJ1CHS2hAEwikcA+P8GTdWQ/Ws/UyHy1Yi509+Abr9QPg8ZKP</latexit><latexit sha1_base64="6T5GZvorrn/JU5Y4nu+lBJq/o1w=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKQXdCEU3rqSCfUA7lEyaaUMzmSHJCHXol7hxoYhbP8Wdf2OmreDzQMjhnHvJyQkSzpR23XersLS8srpWXC9tbG5tl+2d3ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/FF7rdvqVQsFjd6klA/wkPBQkawNlLfLvcirEcE8+xqeuYdV/t2xXWqbg70m3jO7HYrsECjb7/1BjFJIyo04Viprucm2s+w1IxwOi31UkUTTMZ4SLuGChxR5Wez4FN0aJQBCmNpjtBopn7dyHCk1CQKzGQeU/30cvEvr5vq8NTPmEhSTQWZPxSmHOkY5S2gAZOUaD4xBBPJTFZERlhiok1XJVPC50/R/6RVdTzX8a5rlfr5oo4i7MMBHIEHJ1CHS2hAEwikcA+P8GTdWQ/Ws/UyHy1Yi509+Abr9QPg8ZKP</latexit><latexit sha1_base64="6T5GZvorrn/JU5Y4nu+lBJq/o1w=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKQXdCEU3rqSCfUA7lEyaaUMzmSHJCHXol7hxoYhbP8Wdf2OmreDzQMjhnHvJyQkSzpR23XersLS8srpWXC9tbG5tl+2d3ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/FF7rdvqVQsFjd6klA/wkPBQkawNlLfLvcirEcE8+xqeuYdV/t2xXWqbg70m3jO7HYrsECjb7/1BjFJIyo04Viprucm2s+w1IxwOi31UkUTTMZ4SLuGChxR5Wez4FN0aJQBCmNpjtBopn7dyHCk1CQKzGQeU/30cvEvr5vq8NTPmEhSTQWZPxSmHOkY5S2gAZOUaD4xBBPJTFZERlhiok1XJVPC50/R/6RVdTzX8a5rlfr5oo4i7MMBHIEHJ1CHS2hAEwikcA+P8GTdWQ/Ws/UyHy1Yi509+Abr9QPg8ZKP</latexit>

N = 3
<latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit>

N = 4
<latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit>

N = 1, 2
<latexit sha1_base64="6T5GZvorrn/JU5Y4nu+lBJq/o1w=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKQXdCEU3rqSCfUA7lEyaaUMzmSHJCHXol7hxoYhbP8Wdf2OmreDzQMjhnHvJyQkSzpR23XersLS8srpWXC9tbG5tl+2d3ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/FF7rdvqVQsFjd6klA/wkPBQkawNlLfLvcirEcE8+xqeuYdV/t2xXWqbg70m3jO7HYrsECjb7/1BjFJIyo04Viprucm2s+w1IxwOi31UkUTTMZ4SLuGChxR5Wez4FN0aJQBCmNpjtBopn7dyHCk1CQKzGQeU/30cvEvr5vq8NTPmEhSTQWZPxSmHOkY5S2gAZOUaD4xBBPJTFZERlhiok1XJVPC50/R/6RVdTzX8a5rlfr5oo4i7MMBHIEHJ1CHS2hAEwikcA+P8GTdWQ/Ws/UyHy1Yi509+Abr9QPg8ZKP</latexit><latexit sha1_base64="6T5GZvorrn/JU5Y4nu+lBJq/o1w=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKQXdCEU3rqSCfUA7lEyaaUMzmSHJCHXol7hxoYhbP8Wdf2OmreDzQMjhnHvJyQkSzpR23XersLS8srpWXC9tbG5tl+2d3ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/FF7rdvqVQsFjd6klA/wkPBQkawNlLfLvcirEcE8+xqeuYdV/t2xXWqbg70m3jO7HYrsECjb7/1BjFJIyo04Viprucm2s+w1IxwOi31UkUTTMZ4SLuGChxR5Wez4FN0aJQBCmNpjtBopn7dyHCk1CQKzGQeU/30cvEvr5vq8NTPmEhSTQWZPxSmHOkY5S2gAZOUaD4xBBPJTFZERlhiok1XJVPC50/R/6RVdTzX8a5rlfr5oo4i7MMBHIEHJ1CHS2hAEwikcA+P8GTdWQ/Ws/UyHy1Yi509+Abr9QPg8ZKP</latexit><latexit sha1_base64="6T5GZvorrn/JU5Y4nu+lBJq/o1w=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKQXdCEU3rqSCfUA7lEyaaUMzmSHJCHXol7hxoYhbP8Wdf2OmreDzQMjhnHvJyQkSzpR23XersLS8srpWXC9tbG5tl+2d3ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/FF7rdvqVQsFjd6klA/wkPBQkawNlLfLvcirEcE8+xqeuYdV/t2xXWqbg70m3jO7HYrsECjb7/1BjFJIyo04Viprucm2s+w1IxwOi31UkUTTMZ4SLuGChxR5Wez4FN0aJQBCmNpjtBopn7dyHCk1CQKzGQeU/30cvEvr5vq8NTPmEhSTQWZPxSmHOkY5S2gAZOUaD4xBBPJTFZERlhiok1XJVPC50/R/6RVdTzX8a5rlfr5oo4i7MMBHIEHJ1CHS2hAEwikcA+P8GTdWQ/Ws/UyHy1Yi509+Abr9QPg8ZKP</latexit><latexit sha1_base64="6T5GZvorrn/JU5Y4nu+lBJq/o1w=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKQXdCEU3rqSCfUA7lEyaaUMzmSHJCHXol7hxoYhbP8Wdf2OmreDzQMjhnHvJyQkSzpR23XersLS8srpWXC9tbG5tl+2d3ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/FF7rdvqVQsFjd6klA/wkPBQkawNlLfLvcirEcE8+xqeuYdV/t2xXWqbg70m3jO7HYrsECjb7/1BjFJIyo04Viprucm2s+w1IxwOi31UkUTTMZ4SLuGChxR5Wez4FN0aJQBCmNpjtBopn7dyHCk1CQKzGQeU/30cvEvr5vq8NTPmEhSTQWZPxSmHOkY5S2gAZOUaD4xBBPJTFZERlhiok1XJVPC50/R/6RVdTzX8a5rlfr5oo4i7MMBHIEHJ1CHS2hAEwikcA+P8GTdWQ/Ws/UyHy1Yi509+Abr9QPg8ZKP</latexit>

N = 3
<latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit><latexit sha1_base64="CWLnnug/VnG24dUUbVyJqjIBCzY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZkq6EYounElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKPg+EHM65l5ycIBFcG4zfnYXFpeWV1cJacX1jc2u7tLPb0HGqKKvTWMSqFRDNBJesbrgRrJUoRqJAsGYwvMz95ogpzWN5a8YJ8yPSlzzklBgr+Z2ImAElIruenB93S2XsVnAO9Jt47vTGZZij1i29dXoxTSMmDRVE67aHE+NnRBlOBZsUO6lmCaFD0mdtSyWJmPazaegJOrRKD4WxskcaNFW/bmQk0nocBXYyD6l/ern4l9dOTXjmZ1wmqWGSzh4KU4FMjPIGUI8rRo0YW0Ko4jYrogOiCDW2p6It4fOn6H/SqLgedr2bk3L1Yl5HAfbhAI7Ag1OowhXUoA4U7uAeHuHJGTkPzrPzMhtdcOY7e/ANzusHicOR7g==</latexit>

N = 4
<latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit><latexit sha1_base64="1b4WvT5XtKXWP2UTRFwL5I21Saw=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDZlS0I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLQVfB4IOZxzLzk5QSK4Nhi/O0vLK6tr64WN4ubW9s5uaW+/qeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJn7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMUNKRHY9Pa/2SmXsVnAO9Jt47uzGZVig3iu9dfsxTSMmDRVE646HE+NnRBlOBZsWu6lmCaEjMmAdSyWJmPazWegpOrZKH4WxskcaNFO/bmQk0noSBXYyD6l/ern4l9dJTXjmZ1wmqWGSzh8KU4FMjPIGUJ8rRo2YWEKo4jYrokOiCDW2p6It4fOn6H/SrLgedr2barl2saijAIdwBCfgwSnU4Arq0AAKd3APj/DkjJ0H59l5mY8uOYudA/gG5/UDi0eR7w==</latexit>
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Purely Massive Double Copy 
• Cubic and quartic amplitudes of massive Yang-Mills have 

successfully been found to double copy to amplitudes of dRGT 
massive gravity. 

• Unfortunately a KLT-based massive double copy fails at 5-point 
due to spurious poles. 

• It is unknown whether some alternate double copy prescription for 
massive particles could remove the pathologies, but we can look at 
the double copy for the superfields and cubic superamplitudes.
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Massive Spin-1 Cast of Characters

Lagrangian Operators
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Multiplets with Single Massive Spin-1 

Massive Vector Superfields

<latexit sha1_base64="K0gzykbH/aHexbQ6BKfbGyENREA=">AAAB9HicdVDLSgMxFL1TX7W+Rl26CRbB1TBTiroRim5cSQX7gHYomTTThmYyY5IplKHf4caFIm79GHf+jZm2gs8DIYdz7iUnJ0g4U9p1363C0vLK6lpxvbSxubW9Y+/uNVWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjC5zvzWmUrFY3OpJQv0IDwQLGcHaSH43wnpIMM+up+dezy67TsXNgX4Tz5ndbhkWqPfst24/JmlEhSYcK9Xx3ET7GZaaEU6npW6qaILJCA9ox1CBI6r8bBZ6io6M0kdhLM0RGs3UrxsZjpSaRIGZzEOqn14u/uV1Uh2e+RkTSaqpIPOHwpQjHaO8AdRnkhLNJ4ZgIpnJisgQS0y06alkSvj8KfqfNCuOd+JUb6rl2sWijiIcwCEcgwenUIMrqEMDCNzBPTzCkzW2Hqxn62U+WrAWO/vwDdbrB4mpkfU=</latexit>

N = 1

<latexit sha1_base64="e0I4sRd3zkDJs9p3uAGckvmFwHw=">AAAB9HicdVDLSgMxFL1TX7W+Rl26CRbB1TBTiroRim5cSQX7gHYomTTThmYyY5IplKHf4caFIm79GHf+jZm2gs8DIYdz7iUnJ0g4U9p1363C0vLK6lpxvbSxubW9Y+/uNVWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjC5zvzWmUrFY3OpJQv0IDwQLGcHaSH43wnpIMM+up+eVnl12nYqbA/0mnjO73TIsUO/Zb91+TNKICk04VqrjuYn2Myw1I5xOS91U0QSTER7QjqECR1T52Sz0FB0ZpY/CWJojNJqpXzcyHCk1iQIzmYdUP71c/MvrpDo88zMmklRTQeYPhSlHOkZ5A6jPJCWaTwzBRDKTFZEhlpho01PJlPD5U/Q/aVYc78Sp3lTLtYtFHUU4gEM4Bg9OoQZXUIcGELiDe3iEJ2tsPVjP1st8tGAtdvbhG6zXD4stkfY=</latexit>

N = 2

33



Massive Gluon Superamplitude Structures

• Projecting to get the 3-gluon component amplitudes gives

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit><latexit sha1_base64="7TufGbVl3yWhYOGMjSEZhOsALM0=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiQ1tHVXdOOygn1AE8pkOmmHTh7M3IglFPwVNy4Ucet3uPNvnLQVVPTAhcM593LvPX4iuALL+jCWlldW19YLG8XNre2dXXNvv63iVFLWorGIZdcnigkesRZwEKybSEZCX7COP77M/c4tk4rH0Q1MEuaFZBjxgFMCWuqbhy6wO8hcFQQk5GKCu1PXLfbNklU+r1crThVbZcuq2RU7J5Wac+ZgWys5SmiBZt98dwcxTUMWARVEqZ5tJeBlRAKngk2LbqpYQuiYDFlP04iETHnZ7PwpPtHKAAex1BUBnqnfJzISKjUJfd0ZEhip314u/uX1UgjqXsajJAUW0fmiIBUYYpxngQdcMgr66QEnVHJ9K6YjIgkFnVgewten+H/SrpRtq2xfO6XGxSKOAjpCx+gU2aiGGugKNVELUZShB/SEno1749F4MV7nrUvGYuYA/YDx9gly05XJ</latexit>

X
<latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit><latexit sha1_base64="wWyr5a9TGRx0QxVE4f3cCfh74ZI=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuwqS1r13RjcsK9gFNKJPppB06mYSZiVBCf8ONC0Xc+jPu/BsnbQUVPXDhcM693HtPkHCmNEIf1tr6xubWdmHH3t3bPzgsHh13VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/d0+lYrG407OE+hEeCxYygrWRPI9MKJlGWE5te1gsIQfVqs0KgsipIrfebBqCUK1RKUPXkBwlsEJ7WHz3RjFJIyo04VipgYsS7WdYakY4ndteqmiCyRSP6cBQgSOq/Gxx8xyeG2UEw1iaEhou1O8TGY6UmkWB6YywnqjfXi7+5Q1SHTb8jIkk1VSQ5aIw5VDHMA8AjpikRPOZIZhIZm6FZIIlJtrElIfw9Sn8n3TLjosc9/ay1LpaxVEAp+AMXAAX1EEL3IA26AACEvAAnsCzlVqP1ov1umxds1YzJ+AHrLdPgEuRVA==</latexit>

<latexit sha1_base64="K0gzykbH/aHexbQ6BKfbGyENREA=">AAAB9HicdVDLSgMxFL1TX7W+Rl26CRbB1TBTiroRim5cSQX7gHYomTTThmYyY5IplKHf4caFIm79GHf+jZm2gs8DIYdz7iUnJ0g4U9p1363C0vLK6lpxvbSxubW9Y+/uNVWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjC5zvzWmUrFY3OpJQv0IDwQLGcHaSH43wnpIMM+up+dezy67TsXNgX4Tz5ndbhkWqPfst24/JmlEhSYcK9Xx3ET7GZaaEU6npW6qaILJCA9ox1CBI6r8bBZ6io6M0kdhLM0RGs3UrxsZjpSaRIGZzEOqn14u/uV1Uh2e+RkTSaqpIPOHwpQjHaO8AdRnkhLNJ4ZgIpnJisgQS0y06alkSvj8KfqfNCuOd+JUb6rl2sWijiIcwCEcgwenUIMrqEMDCNzBPTzCkzW2Hqxn62U+WrAWO/vwDdbrB4mpkfU=</latexit>

N = 1

<latexit sha1_base64="e0I4sRd3zkDJs9p3uAGckvmFwHw=">AAAB9HicdVDLSgMxFL1TX7W+Rl26CRbB1TBTiroRim5cSQX7gHYomTTThmYyY5IplKHf4caFIm79GHf+jZm2gs8DIYdz7iUnJ0g4U9p1363C0vLK6lpxvbSxubW9Y+/uNVWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjC5zvzWmUrFY3OpJQv0IDwQLGcHaSH43wnpIMM+up+eVnl12nYqbA/0mnjO73TIsUO/Zb91+TNKICk04VqrjuYn2Myw1I5xOS91U0QSTER7QjqECR1T52Sz0FB0ZpY/CWJojNJqpXzcyHCk1iQIzmYdUP71c/MvrpDo88zMmklRTQeYPhSlHOkZ5A6jPJCWaTwzBRDKTFZEhlpho01PJlPD5U/Q/aVYc78Sp3lTLtYtFHUU4gEM4Bg9OoQZXUIcGELiDe3iEJ2tsPVjP1st8tGAtdvbhG6zXD4stkfY=</latexit>

N = 2
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Double Copy for Superfields
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Graviton Vertices from Cubic Double Copy
<latexit sha1_base64="wHlwHNwOaVs0s4+gAFIrQgnsSNY=">AAACDHicdVDLSsNAFL3xWeur6tLNYBFchaQUdSMU3biSCvYBTSiT6aQdOpmEmYlQQj/Ajb/ixoUibv0Ad/6Nk7aC9XFhmMM553LvPUHCmdKO82EtLC4tr6wW1orrG5tb26Wd3aaKU0log8Q8lu0AK8qZoA3NNKftRFIcBZy2guFFrrduqVQsFjd6lFA/wn3BQkawNlS3VPYirAcE8+xqfOYgL9YsogrNscbl2BUnL/QbuPbkd8owq3q39O71YpJGVGjCsVId10m0n2GpGeF0XPRSRRNMhrhPOwYKbEb62eSYMTo0TA+FsTRPaDRhv3dkOFJqFAXGmS+pfmo5+ZfWSXV46mdMJKmmgkwHhSlHOkZ5MqjHJCWajwzARDKzKyIDLDHRJr+iCeHrUvQ/aFZs99iuXlfLtfNZHAXYhwM4AhdOoAaXUIcGELiDB3iCZ+veerRerNepdcGa9ezBXFlvnzUtmxc=</latexit>

N = 0⌦N = 0

<latexit sha1_base64="6SK3PhQPjOL4SO3W+UUpxqtdWZc=">AAACYHicpVHLSsNAFJ2kPmptbao73QwWwYWEJBR1IxTduJIK9gFNKJPJpB06eTgzUUroT7pz4cYvcdJWsD5WHhjmcO653Dtn/JRRIS3rVdNLG5tb2+Wdym61tlc3Gvs9kWQcky5OWMIHPhKE0Zh0JZWMDFJOUOQz0venN0W9/0S4oEn8IGcp8SI0jmlIMZJKGhnPboTkBCOW382vbOgmkkZEwDX1zH3MULCmOf90OiOjaZmOVQD+JLa5uK0mWKEzMl7cIMFZRGKJGRJiaFup9HLEJcWMzCtuJkiK8BSNyVDRGKmRXr4IaA5PlBLAMOHqxBIu1K8dOYqEmEW+chZLiu+1QvytNsxkeOnlNE4zSWK8HBRmDMoEFmnDgHKCJZspgjCnaleIJ4gjLNWfVFQIny+Ff5OeY9rnZuu+1Wxfr+IogyNwDE6BDS5AG9yCDugCDN60klbVatq7XtbremNp1bVVzwFYg374AV4ethM=</latexit>

N = 1⌦N = 1, N = 2⌦N = 1, N = 2⌦N = 2

<latexit sha1_base64="yW2fkUofc37zhpFxrU8mJgz5hnI=">AAACNnicdVDLSsNAFJ3UV62vqEs3g0VwISEpRd0IRTdulAr2AU0ok+mkHTqZxJmJUEK/yo3f4a4bF4q49ROctBVarReGOZxzLvfe48eMSmXbIyO3tLyyupZfL2xsbm3vmLt7dRklApMajlgkmj6ShFFOaooqRpqxICj0GWn4/atMbzwSIWnE79UgJl6IupwGFCOlqbZ544ZI9TBi6e3wwoFupGhIJJxl7RP3IUGdOa602Nk2i7ZVsrOCf4FjjX+7CKZVbZsvbifCSUi4wgxJ2XLsWHkpEopiRoYFN5EkRriPuqSlIUd6pJeOzx7CI810YBAJ/biCY3a2I0WhlIPQ185sSflby8hFWitRwbmXUh4ninA8GRQkDKoIZhnCDhUEKzbQAGFB9a4Q95BAWOmkCzqEn0vh/6BespxTq3xXLlYup3HkwQE4BMfAAWegAq5BFdQABk9gBN7Au/FsvBofxufEmjOmPftgroyvb/NUrBA=</latexit>

N = 1⌦N = 0, N = 2⌦N = 0

Only 3 independent combinations
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• Sufficient amounts of supersymmetry selects out cubic amplitudes for ghost-free 
dRGT massive gravity. 

• This can be seen by a brute force construction of the amplitudes, but can also 
be seen by taking the high energy limit and seeing which amplitudes are ruled 
out by massless supersymmetry Ward identities. 

• A fully supersymmetric double copy selects the special cubic dRGT 
amplitude. 

Summary/Awards Ceremony
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•Award for maximal supersymmetry compatibility. 
•Award for double copy compatibility. 
•Award for lack of asymptotic superluminal 

propagation in eikonal scattering. 
•Award for partially massless symmetry and the 

highest cutoff in de Sitter spacetime.



• This was all of the cubic amplitudes. At quartic order there are an infinite 
number of amplitudes that could be considered, which can be characterized by 
the number of derivatives.  

• We allowed for 4-point graviton vertices with up to 6 derivatives.  

• In spinor-helicity formalism this could require about 30,000 terms.  

• Looking for a more clever way: restrict to amplitudes that give better high 
energy growth, restricting to parity even amplitudes, etc.  

• Maybe there is a BCFW-like recursion scheme.

Progress on 4-point Amplitudes

38



•See how adding supersymmetry to massive gravity affects quantum 
corrections. 

•  Our results suggest for         the dRGT potential will not get detuned by 
quantum corrections. 

•See what sort of massive gravity is allowed for the shortened        
multiplet. 

•Apply these methods to bigravity theories. It would be interesting to 
compare to cubic amplitudes from string theory.  

• Is there a massive double copy prescription that would hold beyond quartic 
order? 

Future Work
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<latexit sha1_base64="6h7cOhvzHtEFYA1SlkH8amGI6dY=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhpla1GXRjSupYB/QGUomvdOGZjJDkimUoX/ixoUibv0Td/6NmbaCzwMhh3PuJScnTDlT2nXfraXlldW19dJGeXNre2fX3ttvqSSTFJo04YnshEQBZwKammkOnVQCiUMO7XB0VfjtMUjFEnGnJykEMRkIFjFKtJF6tu3HRA8p4fnN1B8APu3ZFdepugXwb+I5s9utoAUaPfvN7yc0i0FoyolSXc9NdZATqRnlMC37mYKU0BEZQNdQQWJQQT5LPsXHRunjKJHmCI1n6teNnMRKTeLQTBY51U+vEP/yupmOLoKciTTTIOj8oSjjWCe4qAH3mQSq+cQQQiUzWTEdEkmoNmWVTQmfP8X/k1bV8c6c2m2tUr9c1FFCh+gInSAPnaM6ukYN1EQUjdE9ekRPVm49WM/Wy3x0yVrsHKBvsF4/ABkek1E=</latexit>

N � 3

<latexit sha1_base64="VPGzOJWKHR2NehHzDifjHUpgXOw=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgapgppXYjFN24kgr2Ae1QMmmmDc1kxiRTKEO/w40LRdz6Me78GzNtBZ8HQg7n3EtOjh9zprTjvFu5ldW19Y38ZmFre2d3r7h/0FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77M/PaESsUicaunMfVCPBQsYARrI3m9EOsRwTy9np3X+sWSY5edDOg3ce357ZRgiUa/+NYbRCQJqdCEY6W6rhNrL8VSM8LprNBLFI0xGeMh7RoqcEiVl85Dz9CJUQYoiKQ5QqO5+nUjxaFS09A3k1lI9dPLxL+8bqKDmpcyESeaCrJ4KEg40hHKGkADJinRfGoIJpKZrIiMsMREm54KpoTPn6L/Satsu1W7clMp1S+WdeThCI7hFFw4gzpcQQOaQOAO7uERnqyJ9WA9Wy+L0Zy13DmEb7BePwCURZH8</latexit>

N = 8

D. Lust, C. Markou, P. Mazloumi, and S. Stieberger, “Extracting bigravity from string theory,”JHEP 12 (2021) 220, 
arXiv:2106.04614 [hep-th]. 


