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Summary & outline

consistency with local SUSY
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+- massive spin-2 supermultiplet
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MP

Supercurrent superfield 

Properties of the coupling
connection with string theory 

4-derivatives coupling to Rμσνρ
<latexit sha1_base64="bqHA4tfOLB7tO1Exge8beI093fg=">AAAB/XicbVDJSgNBEO1xjXEbl5uXwSB4CjPidgx68RjFLJAZhp5OT9Kkl6EXIQ7BX/HiQRGv/oc3/8ZOMgdNfFDweK+KqnpJRonSvv/tLCwuLa+sltbK6xubW9vuzm5TCSMRbiBBhWwnUGFKOG5ooiluZxJDllDcSgbXY7/1gKUigt/rYYYjBnucpARBbaXY3b+L85CZUJEegyE3oeyLUexW/Ko/gTdPgoJUQIF67H6FXYEMw1wjCpXqBH6moxxKTRDFo3JoFM4gGsAe7ljKIcMqyifXj7wjq3S9VEhbXHsT9fdEDplSQ5bYTgZ1X816Y/E/r2N0ehnlhGdGY46mi1JDPS28cRRel0iMNB1aApEk9lYP9aGESNvAyjaEYPbledI8qQbn1bPb00rtqoijBA7AITgGAbgANXAD6qABEHgEz+AVvDlPzovz7nxMWxecYmYP/IHz+QMsT5W1</latexit>

Rµ�⌫⇢

Relation to Kaluza–Klein theory

SUGRA



The massive spin-2 field & 
supersymmetry



The massive spin-2 field

- Fierz-Pauli lagrangian:
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- Equations of motion & constraints:
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The massive spin-2 field

- Fierz-Pauli lagrangian:

- Equations of motion & constraints:
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- Massive spin-2 supermultiplet: [ZINOVIEV ’02] 
[BUCHBINDER, GATES, LINCH, PHILLIPS ’02]

The massive spin-2 multiplet
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- Massive spin-2 supermultiplet: [ZINOVIEV ’02] 
[BUCHBINDER, GATES, LINCH, PHILLIPS ’02]

The massive spin-2 multiplet
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- Supersymmetric Fierz–Pauli lagrangian:
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- Massive spin-2 supermultiplet: [ZINOVIEV ’02] 
[BUCHBINDER, GATES, LINCH, PHILLIPS ’02]

The massive spin-2 multiplet
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- Coupling to supergravity: 

<latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> !
<latexit sha1_base64="8FbuYvbWfmQGwQbrKfHebDNRSJo=">AAACEnicbVDLSgMxFM3UV62vqks3waIoSJkRX8uiG5cV+oLOtGTStA3NZIbkjliG+QY3/oobF4q4deXOvzF9CFo9IXBy7rnc3ONHgmuw7U8rMze/sLiUXc6trK6tb+Q3t2o6jBVlVRqKUDV8opngklWBg2CNSDES+ILV/cHVqF6/ZUrzUFZgGDEvID3Ju5wSMFI7f1hpJW4QuzJOsXs0OtgFdgeJu59+vxu8ZSztfMEu2mPgv8SZkgKaotzOf7idkMYBk0AF0brp2BF4CVHAqWBpzo01iwgdkB5rGipJwLSXjFdK8Z5ROrgbKnMl4LH6syMhgdbDwDfOgEBfz9ZG4n+1ZgzdCy/hMoqBSToZ1I0FhhCP8sEdrhgFMTSEUMXNXzHtE0UomBRzJgRnduW/pHZcdM6KpzcnhdLlNI4s2kG76AA56ByV0DUqoyqi6B49omf0Yj1YT9ar9TaxZqxpzzb6Bev9C+EenFo=</latexit>

Tµ⌫ & ⌅µ<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="mqTHboSKtRkQJkyiERq9fEDBHhQ=">AAACC3icbVDLSsNAFJ34rPUVdekmtAgupCTia1l047KCfUATwmQ6SYdOJmHmRiihezf+ihsXirj1B9z5N07aLLT1wIUz59zL3HuClDMFtv1tLC2vrK6tVzaqm1vbO7vm3n5HJZkktE0SnshegBXlTNA2MOC0l0qK44DTbjC6KfzuA5WKJeIexin1YhwJFjKCQUu+WXM5DcHNIz9348wV2eTETRXzi4dk0RDciW/W7YY9hbVInJLUUYmWb365g4RkMRVAOFaq79gpeDmWwAink6qbKZpiMsIR7WsqcEyVl09vmVhHWhlYYSJ1CbCm6u+JHMdKjeNAd8YYhmreK8T/vH4G4ZWXM5FmQAWZfRRm3ILEKoKxBkxSAnysCSaS6V0tMsQSE9DxVXUIzvzJi6Rz2nAuGud3Z/XmdRlHBR2iGjpGDrpETXSLWqiNCHpEz+gVvRlPxovxbnzMWpeMcuYA/YHx+QNbR5vm</latexit>

{gµ⌫ , µ}
<latexit sha1_base64="pAtdIZIrCtePTU0fViwxs8OGRR8=">AAACHXicbVC7TsMwFHV4lvIKMLJEVEgMVZWg8hgLLIxFog+priLHdRqrjhPZN0hV1B9h4VdYGECIgQXxN7iPAVqOZOv43Ht0fU+QCq7Bdb+tpeWV1bX1wkZxc2t7Z9fe22/qJFOUNWgiEtUOiGaCS9YADoK1U8VIHAjWCgY343rrgSnNE3kPw5R1Y9KXPOSUgJF8u4oFCwHnkZ/jOMMyG5WxMPYe8c27jGnEJ+RqfGPF+xHgkW+X3Io7gbNIvBkpoRnqvv2JewnNYiaBCqJ1x3NT6OZEAaeCjYo40ywldED6rGOoJDHT3Xyy3cg5NkrPCRNljgRnov525CTWehgHpjMmEOn52lj8r9bJILzs5lymGTBJp4PCTDiQOOOonB5XjIIYGkKo4uavDo2IIhRMoEUTgje/8iJpnla888rZXbVUu57FUUCH6AidIA9doBq6RXXUQBQ9omf0it6sJ+vFerc+pq1L1sxzgP7A+voB8gajEw==</latexit>

{hµ⌫ ,�µ,�µ, Aµ}
<latexit sha1_base64="Ix8kfpyHS9nMKBYqlEPL+sp3FvQ=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFRJtarMrunFZwT6giWUynbRDZyZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733RCmjSjvOh1VYWV1b3yhulra2d3b3yvsHbZVkEpMWTlgiuxFShFFBWppqRrqpJIhHjHSi8dXM79wTqWgibvUkJSFHQ0FjipE2Uifo0ruAZ/1yxbGdWs33qtCxPe/crfqG+H7dcx3o2s4cFbBEs19+DwYJzjgRGjOkVM91Uh3mSGqKGZmWgkyRFOExGpKeoQJxosJ8fu4UnhhlAONEmhIaztXvEzniSk14ZDo50iP125uJf3m9TMf1MKcizTQReLEozhjUCZz9DgdUEqzZxBCEJTW3QjxCEmFtEiqZEL4+hf+T9pnt1mzvplppXC7jKIIjcAxOgQsuQANcgyZoAQzG4AE8gWcrtR6tF+t10VqwljOH4Aest0+6UI/c</latexit>

⌅µ

Supercurrent superfield
<latexit sha1_base64="5ceg0+MI1sqq8lBVwFg5DSaV65s=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5BoU5td0Y3LirYVmlgm02k7dPJgHkIN/RI3LhRx66e482+ctBVU9MDA4Zx7uWdOmDIqpG1/GIWl5ZXVteJ6aWNza7ts7uy2RaI4Ji2csITfhEgQRmPSklQycpNygqKQkU44Ps/9zh3hgibxtZykJIjQMKYDipHUUs8s+xGSI4xYdjW99SPVMyu2ZddqnluFtuW6J07V08Tz6q5jQ8eyZ6iABZo9893vJ1hFJJaYISG6jp3KIENcUszItOQrQVKEx2hIuprGKCIiyGbBp/BQK304SLh+sYQz9ftGhiIhJlGoJ/OY4reXi395XSUH9SCjcaokifH80EAxKBOYtwD7lBMs2UQThDnVWSEeIY6w1F2VdAlfP4X/k/ax5dQs97JaaZwt6iiCfXAAjoADTkEDXIAmaAEMFHgAT+DZuDcejRfjdT5aMBY7e+AHjLdPoEeTwQ==</latexit>

Sµ<latexit sha1_base64="0Q+82vLeQNsbnDrCBKQ4UMiBsrQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq2FGO7WzK7pxWcE+oB1KJk3b0EwyJBmlDv0SNy4UceunuPNvTB+Cih64cDjnXu69J0oYVdp1P6zcyura+kZ+s7C1vbNbtPf2m0qkEpMGFkzIdoQUYZSThqaakXYiCYojRlrR+HLmt26JVFTwGz1JSBijIacDipE2Us8udpngQ0mHI42kFHc9u+Q6bqUS+GXoOr5/5pUDQ4Kg6nsu9Bx3jhJYot6z37t9gdOYcI0ZUqrjuYkOMyQ1xYxMC91UkQThMRqSjqEcxUSF2fzwKTw2Sh8OhDTFNZyr3ycyFCs1iSPTGSM9Ur+9mfiX10n1oBpmlCepJhwvFg1SBrWAsxRgn0qCNZsYgrCk5laIR0girE1WBRPC16fwf9I8dbyK41+XS7WLZRx5cAiOwAnwwDmogStQBw2AQQoewBN4tu6tR+vFel205qzlzAH4AevtE/ZHk/k=</latexit>�!

<latexit sha1_base64="EZudbFqgawkQBSW+OAjb+MrIhOk=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFRJtarsrunFZoS9sYplMJ+3QySTMQyihf+HGhSJu/Rt3/o3Th6CiBy4czrmXe+8JU0alcpwPK7eyura+kd8sbG3v7O4V9w/aMtECkxZOWCK6IZKEUU5aiipGuqkgKA4Z6YTjq5nfuSdC0oQ31SQlQYyGnEYUI2Wk2+Zd5sfa53raL5Yc26lUal4ZOrbnnbvlmiG1WtVzHejazhwlsESjX3z3BwnWMeEKMyRlz3VSFWRIKIoZmRZ8LUmK8BgNSc9QjmIig2x+8RSeGGUAo0SY4grO1e8TGYqlnMSh6YyRGsnf3kz8y+tpFVWDjPJUK8LxYlGkGVQJnL0PB1QQrNjEEIQFNbdCPEICYWVCKpgQvj6F/5P2me1WbO+mXKpfLuPIgyNwDE6BCy5AHVyDBmgBDDh4AE/g2ZLWo/VivS5ac9Zy5hD8gPX2CV4LkWg=</latexit>

Tµ⌫



The supercurrent superfield



- Multiplets of currents:

The supercurrent superfield

<latexit sha1_base64="/vh415h+V9YGSy+2HGc2UwVrBbQ="></latexit>

Sµ = {Jµ,⌅µ, Tµ⌫ , X}

linear multiplet conservation-like equation

<latexit sha1_base64="98CtsDLIHOQpbF98fRrr9Yz1M8E="></latexit>

Sµ = S̄µ & D2Sµ = 0
<latexit sha1_base64="GZvZMnwVuKgWejIoroiwwpBceLU="></latexit>

D̄↵̇S↵↵̇ = C↵ ⇠ �µ⌅µ, Tµ
µ, X

<latexit sha1_base64="vzSGZQTy3fucD/NZWdOCZC0xw3w="></latexit>

D̄↵̇S↵↵̇ = C↵

[FERRARA, ZUMINO ’74] [SOHNIUS, WEST  ’81] 
[KOMARGODSKI, SEIBERG  ’10]



- Multiplets of currents:

The supercurrent superfield

[FERRARA, ZUMINO ’74] [SOHNIUS, WEST  ’81] 
[KOMARGODSKI, SEIBERG  ’10]

<latexit sha1_base64="/vh415h+V9YGSy+2HGc2UwVrBbQ="></latexit>

Sµ = {Jµ,⌅µ, Tµ⌫ , X}

- Local SUSY

off-shell SUGRA

<latexit sha1_base64="TF3oQf81T54ypt0dsa9bSGeXmn4=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGvXiMYB6QLGF2MtkMmZ1ZZnqVuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7wkRwA5737RRWVtfWN4qbpa3tnd2yu7ffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLRzdRvPTBtuJL3ME5YEJNI8gGnBKzUc8tdoWSkeTQEorV67LkVr+rNgJeJn5MKylHvuV/dvqJpzCRQQYzp+F4CQUY0cCrYpNRNDUsIHZGIdSyVJGYmyGaHT/CxVfp4oLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif10lhcBVkXCYpMEnniwapwKDwNAXc55pREGNLCNXc3orpkGhCwWZVsiH4iy8vk+Zp1b+ont+dVWrXeRxFdIiO0Any0SWqoVtURw1EUYqe0St6c56cF+fd+Zi3Fpx85gD9gfP5A3V4k6A=</latexit>�!  is the current of the SUGRA gauge fields:𝒮μ<latexit sha1_base64="xYuGgtmb2A7gzJoInrz9WosrTAs=">AAAB+HicbVDJTsMwFHTKVsrSAEcuFhUSpypBbMcKLhyLoIvUhMpxndaq7URekErUL+HCAYS48inc+BucNgcojGRpNPOe3niilFGlPe/LKS0tr6yuldcrG5tb21V3Z7etEiMxaeGEJbIbIUUYFaSlqWakm0qCeMRIJxpf5X7ngUhFE3GnJykJORoKGlOMtJX6bjXgSI8wYtnt9D7gpu/WvLo3A/xL/ILUQIFm3/0MBgk2nAiNGVKq53upDjMkNcWMTCuBUSRFeIyGpGepQJyoMJsFn8JDqwxgnEj7hIYz9edGhrhSEx7ZyTymWvRy8T+vZ3R8EWZUpEYTgeeHYsOgTmDeAhxQSbBmE0sQltRmhXiEJMLadlWxJfiLX/5L2sd1/6x+enNSa1wWdZTBPjgAR8AH56ABrkETtAAGBjyBF/DqPDrPzpvzPh8tOcXOHvgF5+MbH3iTaA==</latexit>

Sµ

[FERRARA, VAN NIEUWENHUIZEN ’78] [STELLE, WEST ’78] 
[SIEGEL, GATES ’79] [SOHNIUS, WEST  ’81]

<latexit sha1_base64="MFOxwaPWPD8m9l72D+7u5hA9TLI="></latexit>

L ⇠ �1

2
(gµ⌫ � ⌘µ⌫)T

µ⌫ � 1

2
 ̄µ⌅

µ � 1

2
VµJ

µ + CµX
µ<latexit sha1_base64="n+HGMPq59B1WVEX45BmgdtFUvIc=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw0ydvnbFblxWsA+YjiWTZtrQZDIkGaEM/Qw3LhRx69e4829MH4KKHkg4nHMv994TJowq7Tgf1tr6xubWdm4nv7u3f3BYODruKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6YaT5tzv3hOpqIhv9TQhAUejmEYUI20kvzno8xT27sw/KBQd2614lUsPOrZXrrqlsiH1es2ruNC1nQWKYIXWoPDeHwqcchJrzJBSvuskOsiQ1BQzMsv3U0UShCdoRHxDY8SJCrLFyjN4bpQhjIQ0L9ZwoX7vyBBXaspDU8mRHqvf3lz8y/NTHdWCjMZJqkmMl4OilEEt4Px+OKSSYM2mhiAsqdkV4jGSCGuTUt6E8HUp/J90SiYou3zjFRtXqzhy4BScgQvggipogGvQAm2AgQAP4Ak8W9p6tF6s12XpmrXqOQE/YL19AjCbkTs=</latexit>

CµX
µ<latexit sha1_base64="JSZ83E6xexcdLzdttJMeN1UdxaU=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw0ydvnZFN+Kqgn3AdCyZNNOGJpkhyQhl6Ge4caGIW7/GnX9j+hBU9EDC4Zx7ufeeMGFUacf5sFZW19Y3NnNb+e2d3b39wsFhW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wfDnzO/dEKhqLWz1JSMDRUNCIYqSN5Lf7PZ7C6zvz9wtFx3YrXuXcg47tlatuqWxIvV7zKi50bWeOIlii2S+89wYxTjkRGjOklO86iQ4yJDXFjEzzvVSRBOExGhLfUIE4UUE2X3kKT40ygFEszRMaztXvHRniSk14aCo50iP125uJf3l+qqNakFGRpJoIvBgUpQzqGM7uhwMqCdZsYgjCkppdIR4hibA2KeVNCF+Xwv9Ju2SCsss3XrFxsYwjB47BCTgDLqiCBrgCTdACGMTgATyBZ0tbj9aL9booXbGWPUfgB6y3Tzi1kUA=</latexit>

VµJ
µ

<latexit sha1_base64="sPCmqn2w1ZC+WTvgGQ0jU2qokKg=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaSmr13RjcsK9gFtKJPppB06mYSZiVBCP8KNC0Xc+j3u/BunD0FFD1w4nHMv994TJJwp7Tgf1tr6xubWdm4nv7u3f3BYODpuqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaSeYXM/9zj2VisXiTk8T6kd4JFjICNZG6vRDiYlbGhSKju1WvMqlhxzbK1fdUtmQer3mVVzk2s4CRVihOSi894cxSSMqNOFYqZ7rJNrPsNSMcDrL91NFE0wmeER7hgocUeVni3Nn6NwoQxTG0pTQaKF+n8hwpNQ0CkxnhPVY/fbm4l9eL9Vhzc+YSFJNBVkuClOOdIzmv6Mhk5RoPjUEE8nMrYiMsUlAm4TyJoSvT9H/pF0yQdnlW6/YuFrFkYNTOIMLcKEKDbiBJrSAwAQe4AmercR6tF6s12XrmrWaOYEfsN4+ASX5j3o=</latexit>

1

2
<latexit sha1_base64="J5hFIpgaBndLPvGTW4rqetb+TeA=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4cZiJk+0W9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPizmTyrI+jMza+sbmVnY7t7O7t3+QPzxqyygRFFo04pHoekQCZyG0FFMcurEAEngcOt7keu537kFIFoW3ahqDG5BRyHxGidJS82KQL1imXXbKlw62TKdUsYslTWq1qlO2sW1aCxTQCo1B/r0/jGgSQKgoJ1L2bCtWbkqEYpTDLNdPJMSETsgIepqGJADppotDZ/hMK0PsR0JXqPBC/T6RkkDKaeDpzoCosfztzcW/vF6i/KqbsjBOFIR0uchPOFYRnn+Nh0wAVXyqCaGC6VsxHRNBqNLZ5HQIX5/i/0m7qIMyS02nUL9axZFFJ+gUnSMbVVAd3aAGaiGKAD2gJ/Rs3BmPxovxumzNGKuZY/QDxtsn8niNEA==</latexit>� <latexit sha1_base64="YXk6s++xuIlO6xF3zjPjNKYghxg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiAIwjATJ9st6MVjAmaBZAg9nZqkTc9Cd48QhnyBFw+KePWTvPk3dhZBRR8UPN6roqqeF3MmlWV9GJm19Y3Nrex2bmd3b/8gf3jUllEiKLRoxCPR9YgEzkJoKaY4dGMBJPA4dLzJ9dzv3IOQLApv1TQGNyCjkPmMEqWl5sUgX7BMu+yULx1smU6pYhdLmtRqVadsY9u0FiigFRqD/Ht/GNEkgFBRTqTs2Vas3JQIxSiHWa6fSIgJnZAR9DQNSQDSTReHzvCZVobYj4SuUOGF+n0iJYGU08DTnQFRY/nbm4t/eb1E+VU3ZWGcKAjpcpGfcKwiPP8aD5kAqvhUE0IF07diOiaCUKWzyekQvj7F/5N2UQdllppOoX61iiOLTtApOkc2qqA6ukEN1EIUAXpAT+jZuDMejRfjddmaMVYzx+gHjLdP73CNDg==</latexit>

+



The supercurrent superfield

- Currents supermultiplets & off-shell SUGRA formulations:

(2) R-symmetry multiplet:

(1) Ferrara–Zumino multiplet:

<latexit sha1_base64="8U2YDU7K41UHFRxKXlev1ctmVyY=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXJVM0druim7EVQX7gM44ZNJMG5rJDElGKLULf8WNC0Xc+hvu/BszbQUVPZBwOOfem5sTJJwpjdCHlVtYXFpeya8W1tY3Nrfs7Z2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPheea3b6lULBbXepRQL8J9wUJGsDaSb++5CZaaYe67UQovb8ztCop8u4hKyKBSgRlxqsgxpFarlss16EwthIpgjoZvv7u9mKQRFZpwrFTXQYn2xtlswumk4KaKJpgMcZ92DRU4osobT/efwEOj9GAYS3OEhlP1e8cYR0qNosBURlgP1G8vE//yuqkOq96YiSTVVJDZQ2HKoY5hFgbsMUmJ5iNDMJHM7ArJAEtMtImsYEL4+in8n7TKJadSOrk6LtbP5nHkwT44AEfAAaegDi5AAzQBAXfgATyBZ+veerRerNdZac6a9+yCH7DePgH4lpYZ</latexit>

@µJ
µ 6= 0 complex scalar

[FERRARA, ZUMINO ’74]

old-minimal off-shell SUGRA
[FERRARA, VAN NIEUWENHUIZEN ’78] 

[STELLE, WEST ’78]

[SOHNIUS, WEST  ’81] antisymmetric field

<latexit sha1_base64="QjolUVYTiMo2P/rOLYoa+wGvgKo="></latexit>

Sµ
R = {Jµ,⌅µ, Tµ⌫ , Xµ⌫}

<latexit sha1_base64="8OD2oQRqcb28MygVMF2F9kRhhCw="></latexit>

Sµ
FZ = {Jµ,⌅µ, Tµ⌫ , X}

<latexit sha1_base64="OFepxhfss/Wjxk/BehXTtrSonSY=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KrtFa3srehFPFdy20K4lm2bb0CS7JFmhlP4GLx4U8eoP8ua/MdtWUNEHA4/3ZpiZFyacaeO6H87S8srq2npuI7+5tb2zW9jbb+o4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo8vMb91TpVksb804oYHAA8kiRrCxkn991xVpr1B0S65FpYIy4lVdz5JarVou15A3s1y3CAs0eoX3bj8mqaDSEI617nhuYoIJVoYRTqf5bqppgskID2jHUokF1cFkduwUHVulj6JY2ZIGzdTvExMstB6L0HYKbIb6t5eJf3md1ETVYMJkkhoqyXxRlHJkYpR9jvpMUWL42BJMFLO3IjLEChNj88nbEL4+Rf+TZrnkVUpnN6fF+sUijhwcwhGcgAfnUIcraIAPBBg8wBM8O9J5dF6c13nrkrOYOYAfcN4+AQK1jtk=</latexit>

Jµ <latexit sha1_base64="BPF4RHcf6R3qio6Xm9tR0fsfLHQ=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbiZLsFvXhMwCyQDKGn00lae3qG7h4hDPkCLx4U8eonefNv7CyCij4oeLxXRVW9IOZMacf5sDJr6xubW9nt3M7u3v5B/vCoraJEEtoiEY9kN8CKciZoSzPNaTeWFIcBp53g7mrud+6pVCwSN3oaUz/EY8FGjGBtpGZ3kC84tlv2yhcecmyvVHGLJUNqtapXdpFrOwsUYIXGIP/eH0YkCanQhGOleq4Taz/FUjPC6SzXTxSNMbnDY9ozVOCQKj9dHDpDZ0YZolEkTQmNFur3iRSHSk3DwHSGWE/Ub28u/uX1Ej2q+ikTcaKpIMtFo4QjHaH512jIJCWaTw3BRDJzKyITLDHRJpucCeHrU/Q/aRdNUHap6RXql6s4snACp3AOLlSgDtfQgBYQoPAAT/Bs3VqP1ov1umzNWKuZY/gB6+0TM7ONOw==</latexit>

X <latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> !

<latexit sha1_base64="OFepxhfss/Wjxk/BehXTtrSonSY=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KrtFa3srehFPFdy20K4lm2bb0CS7JFmhlP4GLx4U8eoP8ua/MdtWUNEHA4/3ZpiZFyacaeO6H87S8srq2npuI7+5tb2zW9jbb+o4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo8vMb91TpVksb804oYHAA8kiRrCxkn991xVpr1B0S65FpYIy4lVdz5JarVou15A3s1y3CAs0eoX3bj8mqaDSEI617nhuYoIJVoYRTqf5bqppgskID2jHUokF1cFkduwUHVulj6JY2ZIGzdTvExMstB6L0HYKbIb6t5eJf3md1ETVYMJkkhoqyXxRlHJkYpR9jvpMUWL42BJMFLO3IjLEChNj88nbEL4+Rf+TZrnkVUpnN6fF+sUijhwcwhGcgAfnUIcraIAPBBg8wBM8O9J5dF6c13nrkrOYOYAfcN4+AQK1jtk=</latexit>

Jµ

<latexit sha1_base64="dN3imeTOCcyICk2Uh1Laf+RgwlA=">AAACCHicdVDLSgMxFM34tr5GXbowWARXJVO0tgtBdCOuVKwKnXHIpBkbmnmQ3BHL0KUbf8WNC0Xc+gnu/BsztYKKHkg4nHMv994TpFJoIOTdGhkdG5+YnJouzczOzS/Yi0tnOskU402WyERdBFRzKWLeBAGSX6SK0yiQ/Dzo7hf++TVXWiTxKfRS7kX0KhahYBSM5NurbkoVCCp9N8rw4aX5fRf4DWRpftLfIb5dJhViUKvhgjh14hjSaNSr1QZ2BhYhZTTEkW+/ue2EZRGPgUmqdcshKXh5MYRJ3i+5meYpZV16xVuGxjTi2ssHh/TxulHaOEyUeTHggfq9I6eR1r0oMJURhY7+7RXiX14rg7Du5SJOM+Ax+xwUZhJDgotUcFsozkD2DKFMCbMrZh2qKAOTXcmE8HUp/p+cVStOrbJ1vFne3RvGMYVW0BraQA7aRrvoAB2hJmLoFt2jR/Rk3VkP1rP18lk6Yg17ltEPWK8fTsaaMA==</latexit>

@µJ
µ
R = 0

<latexit sha1_base64="DqnMploFsYwnZs/Af+M+D4mJHnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuQlLT167oxmUF+8Amlsl00g6dTMI8hBL6F25cKOLWv3Hn3zh9CCp64MLhnHu5954wZVQqx/mwVlbX1jc2c1v57Z3dvf3CwWFbJlpg0sIJS0Q3RJIwyklLUcVINxUExSEjnXB8OfM790RImvAbNUlJEKMhpxHFSBnptnuX+bH2uZ72C0XHdite5dyDju2Vq26pbEi9XvMqLnRtZ44iWKLZL7z7gwTrmHCFGZKy5zqpCjIkFMWMTPO+liRFeIyGpGcoRzGRQTa/eApPjTKAUSJMcQXn6veJDMVSTuLQdMZIjeRvbyb+5fW0impBRnmqFeF4sSjSDKoEzt6HAyoIVmxiCMKCmlshHiGBsDIh5U0IX5/C/0m7ZIKyy9desXGxjCMHjsEJOAMuqIIGuAJN0AIYcPAAnsCzJa1H68V6XbSuWMuZI/AD1tsnXhuRaA==</latexit>

Xµ⌫ <latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> ! new-minimal off-shell SUGRA

[SOHNIUS, WEST  ’81]

(3) Non-minimal multiplet: <latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> ! non-minimal off-shell SUGRA
[KOMARGODSKI, SEIBERG  ’10] [SIEGEL, GATES ’79]

interpolating between (1) and (2) 

<latexit sha1_base64="+x6d72E06evMritoG8D+dvpdOK4="></latexit>

D
↵̇Sµ

↵↵̇ = D↵U (FZ) + C(R)
↵



The massive spin-2 supercurrent 
& the coupling to supergravity



The massive spin-2 supercurrent

- Supercurrent for the multiplet                               :
<latexit sha1_base64="pAtdIZIrCtePTU0fViwxs8OGRR8=">AAACHXicbVC7TsMwFHV4lvIKMLJEVEgMVZWg8hgLLIxFog+priLHdRqrjhPZN0hV1B9h4VdYGECIgQXxN7iPAVqOZOv43Ht0fU+QCq7Bdb+tpeWV1bX1wkZxc2t7Z9fe22/qJFOUNWgiEtUOiGaCS9YADoK1U8VIHAjWCgY343rrgSnNE3kPw5R1Y9KXPOSUgJF8u4oFCwHnkZ/jOMMyG5WxMPYe8c27jGnEJ+RqfGPF+xHgkW+X3Io7gbNIvBkpoRnqvv2JewnNYiaBCqJ1x3NT6OZEAaeCjYo40ywldED6rGOoJDHT3Xyy3cg5NkrPCRNljgRnov525CTWehgHpjMmEOn52lj8r9bJILzs5lymGTBJp4PCTDiQOOOonB5XjIIYGkKo4uavDo2IIhRMoEUTgje/8iJpnla888rZXbVUu57FUUCH6AidIA9doBq6RXXUQBQ9omf0it6sJ+vFerc+pq1L1sxzgP7A+voB8gajEw==</latexit>

{hµ⌫ ,�µ,�µ, Aµ}

<latexit sha1_base64="7tCywLd1C0PF4lq7Xf1IY9JQwO0="></latexit>

�µ ! ei↵�5�µ , �µ ! e�i↵�5�µ , ✏ ! e�i↵�5✏R-symmetry:



The massive spin-2 supercurrent

<latexit sha1_base64="920l5OKNT5GbhFO2cL7HESlsa48="></latexit>

Jµ
0 = "µ⌫⇢�

�
�̄⇢�⌫�� � �̄⇢�⌫��

�
<latexit sha1_base64="wPymp/gtInyMj/YQHgFuLialugY=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRbB1ZDRTu0shKIbcVXBPqAzDpk004ZmHiQZodQu/BU3LhRx62+4829MH4KKHkg4nHPvzc0JUs6kQujDmJtfWFxazq3kV9fWNzYLW9sNmWSC0DpJeCJaAZaUs5jWFVOctlJBcRRw2gz652O/eUuFZEl8rQYp9SLcjVnICFZa8gu7boqFYpj7bpTByxt9++gU+YUiMlG57NgliEzbPrZKjiaOU7EtBC0TTVAEM9T8wrvbSUgW0VgRjqVsWyhV3nA8m3A6yruZpCkmfdylbU1jHFHpDSf7j+CBVjowTIQ+sYIT9XvHEEdSDqJAV0ZY9eRvbyz+5bUzFVa8IYvTTNGYTB8KMw5VAsdhwA4TlCg+0AQTwfSukPSwwETpyPI6hK+fwv9J48i0yqZ9VSpWz2Zx5MAe2AeHwAInoAouQA3UAQF34AE8gWfj3ng0XozXaemcMevZAT9gvH0Ci3mV0g==</latexit>

@µJ
µ
0 = 0

- Supercurrent for the multiplet                               :
<latexit sha1_base64="pAtdIZIrCtePTU0fViwxs8OGRR8=">AAACHXicbVC7TsMwFHV4lvIKMLJEVEgMVZWg8hgLLIxFog+priLHdRqrjhPZN0hV1B9h4VdYGECIgQXxN7iPAVqOZOv43Ht0fU+QCq7Bdb+tpeWV1bX1wkZxc2t7Z9fe22/qJFOUNWgiEtUOiGaCS9YADoK1U8VIHAjWCgY343rrgSnNE3kPw5R1Y9KXPOSUgJF8u4oFCwHnkZ/jOMMyG5WxMPYe8c27jGnEJ+RqfGPF+xHgkW+X3Io7gbNIvBkpoRnqvv2JewnNYiaBCqJ1x3NT6OZEAaeCjYo40ywldED6rGOoJDHT3Xyy3cg5NkrPCRNljgRnov525CTWehgHpjMmEOn52lj8r9bJILzs5lymGTBJp4PCTDiQOOOonB5XjIIYGkKo4uavDo2IIhRMoEUTgje/8iJpnla888rZXbVUu57FUUCH6AidIA9doBq6RXXUQBQ9omf0it6sJ+vFerc+pq1L1sxzgP7A+voB8gajEw==</latexit>

{hµ⌫ ,�µ,�µ, Aµ}

R-symmetry current:

new-minimal         
off-shell SUGRA

<latexit sha1_base64="QuTSUqkodNHOwhPWGw3d4PWoLtM="></latexit>

�Jµ = �i✏̄�5⌅µ

�⌅µ = Tµ⌫�
⌫✏+Xµ⌫�

⌫✏+
1

8
"µ⌫⇢�@

⇢J��⌫✏+
i

4
@⇢Jµ�5�

⇢✏

�Tµ⌫ = �1

4
✏̄�(µ

�@�⌅⌫)

�Xµ⌫ = � i

8
"µ⌫⇢� ✏̄�5�

⇢��@�⌅�

R-symmetry multiplet:<latexit sha1_base64="WB4P401nMdG0Mv+VG1aTIDhrtss=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6nfqtJ1SaxfLBjBMMBBlIFjFKjJXaXSbsFtS9csWrejO4y8TPSQVy1Hvlr24/pqlAaSgnWnd8LzFBRpRhlOOk1E01JoSOyAA7lkoiUAfZ7N6Je2KVvhvFypY07kz9PZERofVYhLZTEDPUi95U/M/rpCa6DjImk9SgpPNFUcpdE7vT590+U0gNH1tCqGL2VpcOiSLU2IhKNgR/8eVl0jyr+pfVi/vzSu0mj6MIR3AMp+DDFdTgDurQAAocnuEV3pxH58V5dz7mrQUnnzmEP3A+fwBFa5Aj</latexit>

=)
[SOHNIUS, WEST  ’81]



<latexit sha1_base64="96YSoJDXVrRj4fCuYZqEY4i5ZZ8="></latexit>

Tµ⌫
0 = Tµ⌫

K + @⇢@�G
µ�⌫⇢
0 + @⇢B

⇢µ⌫
0

R-symmetry current:

The massive spin-2 supercurrent

<latexit sha1_base64="920l5OKNT5GbhFO2cL7HESlsa48="></latexit>

Jµ
0 = "µ⌫⇢�

�
�̄⇢�⌫�� � �̄⇢�⌫��

�
<latexit sha1_base64="wPymp/gtInyMj/YQHgFuLialugY=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRbB1ZDRTu0shKIbcVXBPqAzDpk004ZmHiQZodQu/BU3LhRx62+4829MH4KKHkg4nHPvzc0JUs6kQujDmJtfWFxazq3kV9fWNzYLW9sNmWSC0DpJeCJaAZaUs5jWFVOctlJBcRRw2gz652O/eUuFZEl8rQYp9SLcjVnICFZa8gu7boqFYpj7bpTByxt9++gU+YUiMlG57NgliEzbPrZKjiaOU7EtBC0TTVAEM9T8wrvbSUgW0VgRjqVsWyhV3nA8m3A6yruZpCkmfdylbU1jHFHpDSf7j+CBVjowTIQ+sYIT9XvHEEdSDqJAV0ZY9eRvbyz+5bUzFVa8IYvTTNGYTB8KMw5VAsdhwA4TlCg+0AQTwfSukPSwwETpyPI6hK+fwv9J48i0yqZ9VSpWz2Zx5MAe2AeHwAInoAouQA3UAQF34AE8gWfj3ng0XozXaemcMevZAT9gvH0Ci3mV0g==</latexit>

@µJ
µ
0 = 0

<latexit sha1_base64="+A9r6J79JuuUQ0CeVIy0Wti7dz0=">AAAB/XicdVDJSgNBEO1xjXGLy81LYxA8DZ2Q9Rb04lHRmEgSQk+nok16FrprxDgEf8WLB0W8+h/e/Bs7MYKKPih4vFdFVT0vUtIgY+/OzOzc/MJiaim9vLK6tp7Z2Dw3YawF1EWoQt30uAElA6ijRAXNSAP3PQUNb3A49hvXoI0MgzMcRtDx+WUg+1JwtFI3s93ugULebSPcYBwlp/XTi1E3k2VuvlgqVBhlbqFYyVfLllQrrMTKNOeyCbJkiuNu5q3dC0XsQ4BCcWNaORZhJ+EapVAwSrdjAxEXA34JLUsD7oPpJJPrR3TPKj3aD7WtAOlE/T6RcN+Yoe/ZTp/jlfntjcW/vFaM/UonkUEUIwTic1E/VhRDOo6C9qQGgWpoCRda2lupuOKaC7SBpW0IX5/S/8l53s2V3OJJIVs7mMaRIjtkl+yTHCmTGjkix6ROBLkl9+SRPDl3zoPz7Lx8ts4405kt8gPO6wd86JXu</latexit>

�SUSY stress-energy tensor: 
<latexit sha1_base64="SU8j7sqCeLo26+EPFX6N+D27mmA="></latexit>

@⇢@�G
µ�⌫⇢
0

<latexit sha1_base64="tGLS7Fg0LNAFtnrnHEFrg55qZO0=">AAACB3icdVDLSgMxFM34rPU16lKQYBFcDWnpc1fqxmUF+4BOHTJp2oZmMkOSEcrQnRt/xY0LRdz6C+78GzNtBRU9EHI4517uvcePOFMaoQ9rZXVtfWMzs5Xd3tnd27cPDtsqjCWhLRLyUHZ9rChngrY005x2I0lx4HPa8ScXqd+5pVKxUFzraUT7AR4JNmQEayN59okbYakZ5p4rxyFs3CTp7waxK+KZhzw7h5xCqVysIoicYqlaqFUMqVVRGVVg3kFz5MASTc9+dwchiQMqNOFYqV4eRbqfpDMIp7OsGysaYTLBI9ozVOCAqn4yv2MGz4wygMNQmic0nKvfOxIcKDUNfFMZYD1Wv71U/MvrxXpY7SdMRLGmgiwGDWMOdQjTUOCASUo0nxqCiWRmV0jGWGKiTXRZE8LXpfB/0i44+bJTuirm6o1lHBlwDE7BOciDCqiDS9AELUDAHXgAT+DZurcerRfrdVG6Yi17jsAPWG+fzHKZ8Q==</latexit>

@⇢B
⇢µ⌫
0

[CALLAN, COLEMAN, JACKIW ’69]
improvement terms <latexit sha1_base64="dd2Qou56sKrAH0P9W4BnOJHIXCU=">AAAB/HicdVDLSgNBEJyN7/ha9ehlMAiewq5uEr2JXjxGMA9IQpidzCaDszPLTK+yLPorXjwo4tUP8ebfOHkIKlrQUFR1090VJoIb8LwPpzA3v7C4tLxSXF1b39h0t7abRqWasgZVQul2SAwTXLIGcBCsnWhG4lCwVnh9PvZbN0wbruQVZAnrxWQoecQpASv13Z2uUHIoWASaD0dAtFa3fbfklf1qUD0KsFcOKjX/sGLJyclxUPWxX/YmKKEZ6n33vTtQNI2ZBCqIMR3fS6CXEw2cCnZX7KaGJYRekyHrWCpJzEwvnxx/h/etMsCR0rYk4In6fSInsTFZHNrOmMDI/PbG4l9eJ4XouJdzmaTAJJ0uilKBQeFxEnjANaMgMksI1dzeiumIaELB5lW0IXx9iv8nzUMbVLlyGZROz2ZxLKNdtIcOkI9q6BRdoDpqIIoy9ICe0LNz7zw6L87rtLXgzGZ20A84b58nZZXI</latexit> !

<latexit sha1_base64="dd2Qou56sKrAH0P9W4BnOJHIXCU=">AAAB/HicdVDLSgNBEJyN7/ha9ehlMAiewq5uEr2JXjxGMA9IQpidzCaDszPLTK+yLPorXjwo4tUP8ebfOHkIKlrQUFR1090VJoIb8LwPpzA3v7C4tLxSXF1b39h0t7abRqWasgZVQul2SAwTXLIGcBCsnWhG4lCwVnh9PvZbN0wbruQVZAnrxWQoecQpASv13Z2uUHIoWASaD0dAtFa3fbfklf1qUD0KsFcOKjX/sGLJyclxUPWxX/YmKKEZ6n33vTtQNI2ZBCqIMR3fS6CXEw2cCnZX7KaGJYRekyHrWCpJzEwvnxx/h/etMsCR0rYk4In6fSInsTFZHNrOmMDI/PbG4l9eJ4XouJdzmaTAJJ0uilKBQeFxEnjANaMgMksI1dzeiumIaELB5lW0IXx9iv8nzUMbVLlyGZROz2ZxLKNdtIcOkI9q6BRdoDpqIIoy9ICe0LNz7zw6L87rtLXgzGZ20A84b58nZZXI</latexit> ! non-minimal couplings 
<latexit sha1_base64="Lq3zVy3q0uiNbSz7JcxOTsbqgYI=">AAACOHicbVC7TsMwFHV4lvIKMLJYVEhMVYJ4jQgG2CgSLUhNiG5ct7Wwnch2kKqon8XCZ7AhFgYQYuULcNoMULiS5aNzztW998QpZ9p43rMzNT0zOzdfWaguLi2vrLpr6y2dZIrQJkl4om5i0JQzSZuGGU5vUkVBxJxex3enhX59T5Vmibwyg5SGAnqSdRkBY6nIvehFeSCyQGbDIAVlGPAoUP0En9zmxV9qkRdoJoIzEAKin8KkLXJrXt0bFf4L/BLUUFmNyH0KOgnJBJWGcNC67XupCfNiFcLpsBpkmqZA7qBH2xZKEFSH+ejwId62TAd3E2WfNHjE/uzIQWg9ELF1CjB9PakV5H9aOzPdozBnMs0MlWQ8qJtxbBJcpIg7TFFi+MACIIrZXTHpgwJibNZVG4I/efJf0Nqt+wf1/cu92vFJGUcFbaIttIN8dIiO0TlqoCYi6AG9oDf07jw6r86H8zm2Tjllzwb6Vc7XN8AUr2I=</latexit>

gµ⌫@⇢B
⇢µ⌫
0 ⇠ �⇢µ⌫B

⇢µ⌫
0

diff-invariant
<latexit sha1_base64="yxNu91XsvfEsQJrje6OLjZP4Hrs=">AAACVXicbVFdS8MwFE3rnHN+bOqjL8Eh+DRa8etx6IM+TnEfsNaSZtkWlqQlSYVR9if3Iv4TXwTTrqBuuxA495xzyc1JGDOqtON8WvZWabu8U9mt7u0fHNbqR8ddFSUSkw6OWCT7IVKEUUE6mmpG+rEkiIeM9MLpQ6b33olUNBKvehYTn6OxoCOKkTZUUGfjIPV44olk7sVIaopY4MlJ9NsoOuYIPr7ltrwx5swyDxzTc/gSrEub7UG94TSdvOA6cAvQAEW1g/rCG0Y44URozJBSA9eJtZ9mq2FG5lUvUSRGeIrGZGCgQJwoP81TmcNzwwzhKJLmCA1z9u9EirhSMx4aJ0d6ola1jNykDRI9uvNTKuJEE4GXF40SBnUEs4jhkEqCNZsZgLCkZleIJ0girM1HVE0I7uqT10H3suneNK+frxqt+yKOCjgFZ+ACuOAWtMATaIMOwGABvizLsq0P69su2eWl1baKmRPwr+zaD0I9tyI=</latexit>

gµ⌫@⇢@�G
µ�⌫⇢
0 ⇠ Rµ�⌫⇢G

µ�⌫⇢
0

<latexit sha1_base64="npNtxTh4kVPg2LyFZEPMQfGpN9c=">AAACE3icdVDLSgMxFM34rPU16tJNsAjiYshU+1gWXeiyilWhU4dMmrahSWZIMkIZ+g9u/BU3LhRx68adf2NaK/g8cOFwzr3ce0+UcKYNQm/O1PTM7Nx8biG/uLS8suqurZ/rOFWENkjMY3UZYU05k7RhmOH0MlEUi4jTi6h/OPIvrqnSLJZnZpDQlsBdyTqMYGOl0N09DbNApIFmXYEDmQaqFw+Prn5rIQrdAvL8SrVU3IPIK5eQj0YE+cUqKkPfQ2MUwAT10H0N2jFJBZWGcKx100eJaWVYGUY4HeaDVNMEkz7u0qalEguqW9n4pyHctkobdmJlSxo4Vr9OZFhoPRCR7RTY9PRPbyT+5TVT06m2MiaT1FBJPhZ1Ug5NDEcBwTZTlBg+sAQTxeytkPSwwsTYGPM2hM9P4f/kvOj5Za90sl+oHUziyIFNsAV2gA8qoAaOQR00AAE34A48gEfn1rl3npznj9YpZzKzAb7BeXkHAVmfhg==</latexit>

Rµ�⌫⇢G
µ�⌫⇢
0

not diff-invariant
<latexit sha1_base64="ORE194/Q30ut+kBuOoa64ZcRGmI="></latexit>

�⇢µ⌫B
⇢µ⌫
0

terms do not define consistent couplings to gravity
<latexit sha1_base64="H1My7C9ZdUPsRgYBswGlIZSK3xg=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuQpI+3ZW6cVnBPqBJy2Q6aYdOJmFmopTQ/3DjQhG3/os7/8ZJW0FFD1w4nHMv997jx4xKZVkfxtr6xubWdm4nv7u3f3BYODruyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNefXmV+944ISSN+q2Yx8UI05jSgGCktDZqD1BWTyA0TlyfzYaFomZf1qlNxoGVaVs0pVTPi1MpOCdpayVAEK7SGhXd3FOEkJFxhhqTs21asvBQJRTEj87ybSBIjPEVj0teUo5BIL11cPYfnWhnBIBK6uIIL9ftEikIpZ6GvO0OkJvK3l4l/ef1EBXUvpTxOFOF4uShIGFQRzCKAIyoIVmymCcKC6lshniCBsNJB5XUIX5/C/0nHMe2qWbkpFxvNVRw5cArOwAWwQQ00wDVogTbAQIAH8ASejXvj0XgxXpeta8Zq5gT8gPH2CUivkw4=</latexit>

B⇢µ⌫<latexit sha1_base64="jts7Lnnf9nJyqK0rB+FB0QQRDgY=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ae0Q8mkmTY0yYxJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HtPEDOqtON8WLm19Y3Nrfx2YWd3b/+geHjUUVEiMWnjiEWyFyBFGBWkralmpBdLgnjASDeYXmV+955IRSNxq2cx8TkaCxpSjLSRegPKzRaihsWSY180al7Vg47tOHWvXMuIV694ZegaJUMJrNAaFt8HowgnnAiNGVKq7zqx9lMkNcWMzAuDRJEY4Skak76hAnGi/HRx7xyeGWUEw0iaEhou1O8TKeJKzXhgOjnSE/Xby8S/vH6iw4afUhEnmgi8XBQmDOoIZs/DEZUEazYzBGFJza0QT5BEWJuICiaEr0/h/6Tj2W7Nrt5USs3LVRx5cAJOwTlwQR00wTVogTbAgIEH8ASerTvr0XqxXpetOWs1cwx+wHr7BKhUkGc=</latexit>

=)

- Supercurrent for the multiplet                               :
<latexit sha1_base64="pAtdIZIrCtePTU0fViwxs8OGRR8=">AAACHXicbVC7TsMwFHV4lvIKMLJEVEgMVZWg8hgLLIxFog+priLHdRqrjhPZN0hV1B9h4VdYGECIgQXxN7iPAVqOZOv43Ht0fU+QCq7Bdb+tpeWV1bX1wkZxc2t7Z9fe22/qJFOUNWgiEtUOiGaCS9YADoK1U8VIHAjWCgY343rrgSnNE3kPw5R1Y9KXPOSUgJF8u4oFCwHnkZ/jOMMyG5WxMPYe8c27jGnEJ+RqfGPF+xHgkW+X3Io7gbNIvBkpoRnqvv2JewnNYiaBCqJ1x3NT6OZEAaeCjYo40ywldED6rGOoJDHT3Xyy3cg5NkrPCRNljgRnov525CTWehgHpjMmEOn52lj8r9bJILzs5lymGTBJp4PCTDiQOOOonB5XjIIYGkKo4uavDo2IIhRMoEUTgje/8iJpnla888rZXbVUu57FUUCH6AidIA9doBq6RXXUQBQ9omf0it6sJ+vFerc+pq1L1sxzgP7A+voB8gajEw==</latexit>

{hµ⌫ ,�µ,�µ, Aµ}



The unique consistent coupling

- Improvements to the supercurrent: [FERRARA, ZUMINO ’74] [KOMARGODSKI, SEIBERG  ’10]

<latexit sha1_base64="zGHAgMuipYr9KL6zA9WCV+7FsPY=">AAACSHicbVDLSgMxFM3UV62vqks3g0UQlDIjvjZCURcuFa0tdGq5k6ZtaCYZkjtKGfp5bly68xvcuFDEnWntQltvCBzOg9ycMBbcoOe9OJmp6ZnZuex8bmFxaXklv7p2a1SiKStTJZSuhmCY4JKVkaNg1VgziELBKmH3bKBX7pk2XMkb7MWsHkFb8hangJZq5BtBBNihINLr/l0QJQ0v2LVHKNnWvN1B0Fo9DKm/vpOJ3E5wzgTCOJ8veEVvOO4k8EegQEZz2cg/B01Fk4hJpAKMqflejPUUNHIqWD8XJIbFQLvQZjULJUTM1NNhEX13yzJNt6W0vRLdIfs7kUJkTC8KrXOwphnXBuR/Wi3B1nE95TJOkEn681ArES4qd9Cq2+SaURQ9C4Bqbnd1aQc0ULTd52wJ/viXJ8HtXtE/LB5c7RdKp6M6smSDbJJt4pMjUiIX5JKUCSWP5JW8kw/nyXlzPp2vH2vGGWXWyZ/JZL4BvM60IQ==</latexit>

Sµ
0 �! Sµ = Sµ

0 +�Sµ<latexit sha1_base64="VYWhIlEZNq5K2pBZHf0W/zibeYI=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyHRpja7oi5cVrQPaGKZTCft0MmDmYlQQsFfceNCEbd+hzv/xklbQUUPDBzOuZd75vgJo0Ka5odWWFhcWl4prpbW1jc2t/TtnZaIU45JE8cs5h0fCcJoRJqSSkY6CSco9Blp+6Pz3G/fES5oHN3IcUK8EA0iGlCMpJJ6+p57QZhEbojkECOWXU9u3TDt6WXTMKtVx65A07DtE6viKOI4NdsyoWWYU5TBHI2e/u72Y5yGJJKYISG6lplIL0NcUszIpOSmgiQIj9CAdBWNUEiEl03jT+ChUvowiLl6kYRT9ftGhkIhxqGvJvOY4reXi3953VQGNS+jUZJKEuHZoSBlUMYw7wL2KSdYsrEiCHOqskI8RBxhqRorqRK+fgr/J61jw6oa9lWlXD+b11EE++AAHAELnII6uAQN0AQYZOABPIFn7V571F6019loQZvv7IIf0N4+ARjzlkM=</latexit>

�Sµ

linear superfield improvement
<latexit sha1_base64="Pd6wuJDKCL2HgtaC23PfTOEDCts="></latexit>

D2Lµ⌫ = 0

<latexit sha1_base64="Hp/qiK22x/T9W/HobHtkGQR5CZw="></latexit>

�Sµ = {�Jµ,�⌅µ,�Tµ⌫ ,�Xµ⌫} =
1

m
@⌫Lµ⌫ + �µ↵�̇ [D↵, D̄�̇ ]U

<latexit sha1_base64="wtM/clxDxEd4p702BWJ5xSEJPno="></latexit>

@⌫Lµ⌫

multiplet of improvements



The unique consistent coupling

- Improvements to the supercurrent: [FERRARA, ZUMINO ’74] [KOMARGODSKI, SEIBERG  ’10]

<latexit sha1_base64="zGHAgMuipYr9KL6zA9WCV+7FsPY=">AAACSHicbVDLSgMxFM3UV62vqks3g0UQlDIjvjZCURcuFa0tdGq5k6ZtaCYZkjtKGfp5bly68xvcuFDEnWntQltvCBzOg9ycMBbcoOe9OJmp6ZnZuex8bmFxaXklv7p2a1SiKStTJZSuhmCY4JKVkaNg1VgziELBKmH3bKBX7pk2XMkb7MWsHkFb8hangJZq5BtBBNihINLr/l0QJQ0v2LVHKNnWvN1B0Fo9DKm/vpOJ3E5wzgTCOJ8veEVvOO4k8EegQEZz2cg/B01Fk4hJpAKMqflejPUUNHIqWD8XJIbFQLvQZjULJUTM1NNhEX13yzJNt6W0vRLdIfs7kUJkTC8KrXOwphnXBuR/Wi3B1nE95TJOkEn681ArES4qd9Cq2+SaURQ9C4Bqbnd1aQc0ULTd52wJ/viXJ8HtXtE/LB5c7RdKp6M6smSDbJJt4pMjUiIX5JKUCSWP5JW8kw/nyXlzPp2vH2vGGWXWyZ/JZL4BvM60IQ==</latexit>

Sµ
0 �! Sµ = Sµ

0 +�Sµ<latexit sha1_base64="VYWhIlEZNq5K2pBZHf0W/zibeYI=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyHRpja7oi5cVrQPaGKZTCft0MmDmYlQQsFfceNCEbd+hzv/xklbQUUPDBzOuZd75vgJo0Ka5odWWFhcWl4prpbW1jc2t/TtnZaIU45JE8cs5h0fCcJoRJqSSkY6CSco9Blp+6Pz3G/fES5oHN3IcUK8EA0iGlCMpJJ6+p57QZhEbojkECOWXU9u3TDt6WXTMKtVx65A07DtE6viKOI4NdsyoWWYU5TBHI2e/u72Y5yGJJKYISG6lplIL0NcUszIpOSmgiQIj9CAdBWNUEiEl03jT+ChUvowiLl6kYRT9ftGhkIhxqGvJvOY4reXi3953VQGNS+jUZJKEuHZoSBlUMYw7wL2KSdYsrEiCHOqskI8RBxhqRorqRK+fgr/J61jw6oa9lWlXD+b11EE++AAHAELnII6uAQN0AQYZOABPIFn7V571F6019loQZvv7IIf0N4+ARjzlkM=</latexit>

�Sµ

<latexit sha1_base64="Hp/qiK22x/T9W/HobHtkGQR5CZw="></latexit>

�Sµ = {�Jµ,�⌅µ,�Tµ⌫ ,�Xµ⌫} =
1

m
@⌫Lµ⌫ + �µ↵�̇ [D↵, D̄�̇ ]U

<latexit sha1_base64="DcxxlZ5N2UN3yTNzKvktS+5TMc4="></latexit>

�Tµ⌫
U ⇠ RU

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

�µ↵�̇ [D↵, D̄�̇ ]U

non-minimal improvement [KOMARGODSKI, SEIBERG  ’10]

multiplet of improvements



The unique consistent coupling

- Improvements to the supercurrent: [FERRARA, ZUMINO ’74] [KOMARGODSKI, SEIBERG  ’10]

<latexit sha1_base64="zGHAgMuipYr9KL6zA9WCV+7FsPY=">AAACSHicbVDLSgMxFM3UV62vqks3g0UQlDIjvjZCURcuFa0tdGq5k6ZtaCYZkjtKGfp5bly68xvcuFDEnWntQltvCBzOg9ycMBbcoOe9OJmp6ZnZuex8bmFxaXklv7p2a1SiKStTJZSuhmCY4JKVkaNg1VgziELBKmH3bKBX7pk2XMkb7MWsHkFb8hangJZq5BtBBNihINLr/l0QJQ0v2LVHKNnWvN1B0Fo9DKm/vpOJ3E5wzgTCOJ8veEVvOO4k8EegQEZz2cg/B01Fk4hJpAKMqflejPUUNHIqWD8XJIbFQLvQZjULJUTM1NNhEX13yzJNt6W0vRLdIfs7kUJkTC8KrXOwphnXBuR/Wi3B1nE95TJOkEn681ArES4qd9Cq2+SaURQ9C4Bqbnd1aQc0ULTd52wJ/viXJ8HtXtE/LB5c7RdKp6M6smSDbJJt4pMjUiIX5JKUCSWP5JW8kw/nyXlzPp2vH2vGGWXWyZ/JZL4BvM60IQ==</latexit>

Sµ
0 �! Sµ = Sµ

0 +�Sµ<latexit sha1_base64="VYWhIlEZNq5K2pBZHf0W/zibeYI=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyHRpja7oi5cVrQPaGKZTCft0MmDmYlQQsFfceNCEbd+hzv/xklbQUUPDBzOuZd75vgJo0Ka5odWWFhcWl4prpbW1jc2t/TtnZaIU45JE8cs5h0fCcJoRJqSSkY6CSco9Blp+6Pz3G/fES5oHN3IcUK8EA0iGlCMpJJ6+p57QZhEbojkECOWXU9u3TDt6WXTMKtVx65A07DtE6viKOI4NdsyoWWYU5TBHI2e/u72Y5yGJJKYISG6lplIL0NcUszIpOSmgiQIj9CAdBWNUEiEl03jT+ChUvowiLl6kYRT9ftGhkIhxqGvJvOY4reXi3953VQGNS+jUZJKEuHZoSBlUMYw7wL2KSdYsrEiCHOqskI8RBxhqRorqRK+fgr/J61jw6oa9lWlXD+b11EE++AAHAELnII6uAQN0AQYZOABPIFn7V571F6019loQZvv7IIf0N4+ARjzlkM=</latexit>

�Sµ

<latexit sha1_base64="Hp/qiK22x/T9W/HobHtkGQR5CZw="></latexit>

�Sµ = {�Jµ,�⌅µ,�Tµ⌫ ,�Xµ⌫} =
1

m
@⌫Lµ⌫ + �µ↵�̇ [D↵, D̄�̇ ]U

<latexit sha1_base64="yioc3sBOwWuFoUulWMxhEPmNvWQ="></latexit>

Lµ⌫ = cB

✓
2h[µ|

�@
�A|⌫] +

1

m
"µ⌫⇢�@�A⇢@�A

�

◆
+ cF1"

µ⌫⇢��̄⇢ � + icF2�̄
[µ�5 

⌫]

4-derivatives++ linear multipletparity

multiplet of improvements

<latexit sha1_base64="2/11+gIhMH6ux/5U7CMKjrKszy8=">AAACCXicdVDLSsNAFJ34rPUVdelmsAiuSlK0truiGxcuKtgHNDFMppN26GQS5iGU0K0bf8WNC0Xc+gfu/BsnbQUVPXDhcM693HtPmDIqleN8WAuLS8srq4W14vrG5ta2vbPblokWmLRwwhLRDZEkjHLSUlQx0k0FQXHISCccned+55YISRN+rcYp8WM04DSiGCkjBTb0UiQURSzwuPZipIYYsexycpN5sTbSJLBLTtkxqFZhTtya4xpSr9cqlTp0p5bjlMAczcB+9/oJ1jHhCjMkZc91UuVn+RbMyKToaUlShEdoQHqGchQT6WfTTybw0Ch9GCXCFFdwqn6fyFAs5TgOTWd+q/zt5eJfXk+rqOZnlKdaEY5niyLNoEpgHgvsU0GwYmNDEBbU3ArxEAmElQmvaEL4+hT+T9qVslstn1wdlxpn8zgKYB8cgCPgglPQABegCVoAgzvwAJ7As3VvPVov1uusdcGaz+yBH7DePgFOLJtm</latexit>

@⌫Lµ⌫<latexit sha1_base64="qPTSvlDCod1HPN3IW+j7Xi5OE4c=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgKcwGjcktqAfxFME8ILuG2clsMmRmd5mHEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7K0g4UxqhDye3tLyyupZfL2xsbm3vFHf32io2ktAWiXksuwFWlLOItjTTnHYTSbEIOO0E44vM79xTqVgc3epJQn2BhxELGcHaSp53SbnG8PrOE6ZfLKEysqhWYUbcGnItqddrlUodujMLoRJYoNkvvnuDmBhBI004VqrnokT7KZaaEU6nBc8ommAyxkPaszTCgio/nd08hUdWGcAwlrYiDWfq94kUC6UmIrCdAuuR+u1l4l9ez+iw5qcsSoymEZkvCg2HOoZZAHDAJCWaTyzBRDJ7KyQjLDHRNqaCDeHrU/g/aVfKbrV8enNSapwv4siDA3AIjoELzkADXIEmaAECEvAAnsCzY5xH58V5nbfmnMXMPvgB5+0Tu8KRhQ==</latexit>

�Jµ



The unique consistent coupling

- Improvements to the supercurrent:

multiplet of improvements

[FERRARA, ZUMINO ’74] [KOMARGODSKI, SEIBERG  ’10]

<latexit sha1_base64="zGHAgMuipYr9KL6zA9WCV+7FsPY=">AAACSHicbVDLSgMxFM3UV62vqks3g0UQlDIjvjZCURcuFa0tdGq5k6ZtaCYZkjtKGfp5bly68xvcuFDEnWntQltvCBzOg9ycMBbcoOe9OJmp6ZnZuex8bmFxaXklv7p2a1SiKStTJZSuhmCY4JKVkaNg1VgziELBKmH3bKBX7pk2XMkb7MWsHkFb8hangJZq5BtBBNihINLr/l0QJQ0v2LVHKNnWvN1B0Fo9DKm/vpOJ3E5wzgTCOJ8veEVvOO4k8EegQEZz2cg/B01Fk4hJpAKMqflejPUUNHIqWD8XJIbFQLvQZjULJUTM1NNhEX13yzJNt6W0vRLdIfs7kUJkTC8KrXOwphnXBuR/Wi3B1nE95TJOkEn681ArES4qd9Cq2+SaURQ9C4Bqbnd1aQc0ULTd52wJ/viXJ8HtXtE/LB5c7RdKp6M6smSDbJJt4pMjUiIX5JKUCSWP5JW8kw/nyXlzPp2vH2vGGWXWyZ/JZL4BvM60IQ==</latexit>

Sµ
0 �! Sµ = Sµ

0 +�Sµ<latexit sha1_base64="VYWhIlEZNq5K2pBZHf0W/zibeYI=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyHRpja7oi5cVrQPaGKZTCft0MmDmYlQQsFfceNCEbd+hzv/xklbQUUPDBzOuZd75vgJo0Ka5odWWFhcWl4prpbW1jc2t/TtnZaIU45JE8cs5h0fCcJoRJqSSkY6CSco9Blp+6Pz3G/fES5oHN3IcUK8EA0iGlCMpJJ6+p57QZhEbojkECOWXU9u3TDt6WXTMKtVx65A07DtE6viKOI4NdsyoWWYU5TBHI2e/u72Y5yGJJKYISG6lplIL0NcUszIpOSmgiQIj9CAdBWNUEiEl03jT+ChUvowiLl6kYRT9ftGhkIhxqGvJvOY4reXi3953VQGNS+jUZJKEuHZoSBlUMYw7wL2KSdYsrEiCHOqskI8RBxhqRorqRK+fgr/J61jw6oa9lWlXD+b11EE++AAHAELnII6uAQN0AQYZOABPIFn7V571F6019loQZvv7IIf0N4+ARjzlkM=</latexit>

�Sµ

<latexit sha1_base64="Hp/qiK22x/T9W/HobHtkGQR5CZw="></latexit>

�Sµ = {�Jµ,�⌅µ,�Tµ⌫ ,�Xµ⌫} =
1

m
@⌫Lµ⌫ + �µ↵�̇ [D↵, D̄�̇ ]U

<latexit sha1_base64="yioc3sBOwWuFoUulWMxhEPmNvWQ="></latexit>

Lµ⌫ = cB

✓
2h[µ|

�@
�A|⌫] +

1

m
"µ⌫⇢�@�A⇢@�A

�

◆
+ cF1"

µ⌫⇢��̄⇢ � + icF2�̄
[µ�5 

⌫]<latexit sha1_base64="xXDW61+w718UqMGovzIb0E6954Q=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiB4GnqiWY4hXjxGMAtkhtDT6SRNeha6a8Qw5De8eFDEqz/jzb+xJ4mgog8KHu9VUVXPj6XQQMiHlVtb39jcym8Xdnb39g+Kh0cdHSWK8TaLZKR6PtVcipC3QYDkvVhxGviSd/3pVeZ377jSIgpvYRZzL6DjUIwEo2Aklw1c4PeQxGlzPiiWiO3U6pXyBSZ2tUIckhHilOukih2bLFBCK7QGxXd3GLEk4CEwSbXuOyQGL6UKBJN8XnATzWPKpnTM+4aGNODaSxc3z/GZUYZ4FClTIeCF+n0ipYHWs8A3nQGFif7tZeJfXj+BUd1LRRgnwEO2XDRKJIYIZwHgoVCcgZwZQpkS5lbMJlRRBiamggnh61P8P+mUbadqV24uS43mKo48OkGn6Bw5qIYa6Bq1UBsxFKMH9ISercR6tF6s12VrzlrNHKMfsN4+AdCskjg=</latexit>cB
<latexit sha1_base64="BCg0HSGTW35VGbdlQn912h14P+8=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiB4GnqiWY5BQTxGMAskQ+jpdJImPYvdNcEw5Du8eFDEqx/jzb+xJ4mgog8KHu9VUVXPi6TQQMiHlVlZXVvfyG7mtrZ3dvfy+wdNHcaK8QYLZajaHtVcioA3QIDk7Uhx6nuSt7zxZeq3JlxpEQa3MI2469NhIAaCUTCSy3pd4PcQR8mVM+vlC8R2KtVS8QwTu1wiDkkJcYpVUsaOTeYooCXqvfx7tx+y2OcBMEm17jgkAjehCgSTfJbrxppHlI3pkHcMDajPtZvMj57hE6P08SBUpgLAc/X7REJ9rae+Zzp9CiP920vFv7xODIOqm4ggioEHbLFoEEsMIU4TwH2hOAM5NYQyJcytmI2oogxMTjkTwten+H/SLNpO2S7dnBdqF8s4sugIHaNT5KAKqqFrVEcNxNAdekBP6NmaWI/Wi/W6aM1Yy5lD9APW2ydKx5J3</latexit>cF1

<latexit sha1_base64="n4oE0eW/ZtIz6B6vo+3gInTTloQ=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiB4GnqiWY5BQTxGMAskQ+jpdJImPYvdNcEw5Du8eFDEqx/jzb+xJ4mgog8KHu9VUVXPi6TQQMiHlVlZXVvfyG7mtrZ3dvfy+wdNHcaK8QYLZajaHtVcioA3QIDk7Uhx6nuSt7zxZeq3JlxpEQa3MI2469NhIAaCUTCSy3pd4PcQR8lVcdbLF4jtVKql4hkmdrlEHJIS4hSrpIwdm8xRQEvUe/n3bj9ksc8DYJJq3XFIBG5CFQgm+SzXjTWPKBvTIe8YGlCfazeZHz3DJ0bp40GoTAWA5+r3iYT6Wk99z3T6FEb6t5eKf3mdGAZVNxFBFAMP2GLRIJYYQpwmgPtCcQZyaghlSphbMRtRRRmYnHImhK9P8f+kWbSdsl26OS/ULpZxZNEROkanyEEVVEPXqI4aiKE79ICe0LM1sR6tF+t10ZqxljOH6Aest09MTJJ4</latexit>cF2

fix {CB,CF1,CF2} to cancel ∂ρBρμν<latexit sha1_base64="mrH6jXTf4LsyNUBHcuLpWPLDdhs="></latexit>

{cB, cF1, cF2}
<latexit sha1_base64="3N6llJG3WCjEZAamuZCzxLQaa0c=">AAACB3icdVDLSgMxFM34rPU16lKQYBFcDZlqH8tSNy4r2Ad06pBJ0zY0kxmSjFCG7tz4K25cKOLWX3Dn35hpK6jogZDDOfdy7z1BzJnSCH1YS8srq2vruY385tb2zq69t99SUSIJbZKIR7ITYEU5E7Spmea0E0uKw4DTdjC+yPz2LZWKReJaT2LaC/FQsAEjWBvJt4+8GEvNMPc9OYpg/SbNfi9MPJFMfeTbBeS4lWqpeAaRUy4hF2UEucUqKkPXQTMUwAIN3373+hFJQio04Viproti3UuzGYTTad5LFI0xGeMh7RoqcEhVL53dMYUnRunDQSTNExrO1O8dKQ6VmoSBqQyxHqnfXib+5XUTPaj2UibiRFNB5oMGCYc6glkosM8kJZpPDMFEMrMrJCMsMdEmurwJ4etS+D9pFR237JSuzgu1+iKOHDgEx+AUuKACauASNEATEHAHHsATeLburUfrxXqdly5Zi54D8APW2yeenZnR</latexit>

@⇢B
⇢µ⌫
0

<latexit sha1_base64="2/11+gIhMH6ux/5U7CMKjrKszy8=">AAACCXicdVDLSsNAFJ34rPUVdelmsAiuSlK0truiGxcuKtgHNDFMppN26GQS5iGU0K0bf8WNC0Xc+gfu/BsnbQUVPXDhcM693HtPmDIqleN8WAuLS8srq4W14vrG5ta2vbPblokWmLRwwhLRDZEkjHLSUlQx0k0FQXHISCccned+55YISRN+rcYp8WM04DSiGCkjBTb0UiQURSzwuPZipIYYsexycpN5sTbSJLBLTtkxqFZhTtya4xpSr9cqlTp0p5bjlMAczcB+9/oJ1jHhCjMkZc91UuVn+RbMyKToaUlShEdoQHqGchQT6WfTTybw0Ch9GCXCFFdwqn6fyFAs5TgOTWd+q/zt5eJfXk+rqOZnlKdaEY5niyLNoEpgHgvsU0GwYmNDEBbU3ArxEAmElQmvaEL4+hT+T9qVslstn1wdlxpn8zgKYB8cgCPgglPQABegCVoAgzvwAJ7As3VvPVov1uusdcGaz+yBH7DePgFOLJtm</latexit>

@⌫Lµ⌫<latexit sha1_base64="qPTSvlDCod1HPN3IW+j7Xi5OE4c=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgKcwGjcktqAfxFME8ILuG2clsMmRmd5mHEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7K0g4UxqhDye3tLyyupZfL2xsbm3vFHf32io2ktAWiXksuwFWlLOItjTTnHYTSbEIOO0E44vM79xTqVgc3epJQn2BhxELGcHaSp53SbnG8PrOE6ZfLKEysqhWYUbcGnItqddrlUodujMLoRJYoNkvvnuDmBhBI004VqrnokT7KZaaEU6nBc8ommAyxkPaszTCgio/nd08hUdWGcAwlrYiDWfq94kUC6UmIrCdAuuR+u1l4l9ez+iw5qcsSoymEZkvCg2HOoZZAHDAJCWaTyzBRDJ7KyQjLDHRNqaCDeHrU/g/aVfKbrV8enNSapwv4siDA3AIjoELzkADXIEmaAECEvAAnsCzY5xH58V5nbfmnMXMPvgB5+0Tu8KRhQ==</latexit>

�Jµ



- Resulting improvements to the stress-energy tensor:

non-trivial coupling to the Riemann tensor

unique coupling to gravity at 4-derivatives

The unique consistent coupling

<latexit sha1_base64="oqldOo+DZqRPoSyQ71dG0atHxcY=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiWY5BQTxGMAtMhtDT6SRNeha6a8Qw5DO8eFDEq1/jzb+xJ4mgog8KHu9VUVXPj6XQQMiHlVtZXVvfyG8WtrZ3dveK+wdtHSWK8RaLZKS6PtVcipC3QIDk3VhxGviSd/zJZeZ37rjSIgpvYRpzL6CjUAwFo2Aktwf8HpI4vZqV+8USsZ1avVI+w8SuVohDMkKccp1UsWOTOUpoiWa/+N4bRCwJeAhMUq1dh8TgpVSBYJLPCr1E85iyCR1x19CQBlx76fzkGT4xygAPI2UqBDxXv0+kNNB6GvimM6Aw1r+9TPzLcxMY1r1UhHECPGSLRcNEYohw9j8eCMUZyKkhlClhbsVsTBVlYFIqmBC+PsX/k3bZdqp25ea81LhYxpFHR+gYnSIH1VADXaMmaiGGIvSAntCzBdaj9WK9Llpz1nLmEP2A9fYJ08aRog==</latexit>

F2
<latexit sha1_base64="qjzdFBkDe5kgDD9w/pJSVEbBBk4=">AAAB6nicdVDJSgNBEO1xjXGLevTSGARPQ080yzHoxWNEs0AyhJ5OT9Kkp2forhHCkE/w4kERr36RN//GziKo6IOCx3tVVNULEikMEPLhrKyurW9s5rby2zu7e/uFg8OWiVPNeJPFMtadgBouheJNECB5J9GcRoHk7WB8NfPb91wbEas7mCTcj+hQiVAwCla67UHcLxSJ61Vr5dI5Jm6lTDwyI8Qr1UgFey6Zo4iWaPQL771BzNKIK2CSGtP1SAJ+RjUIJvk030sNTygb0yHvWqpoxI2fzU+d4lOrDHAYa1sK8Fz9PpHRyJhJFNjOiMLI/PZm4l9eN4Ww5mdCJSlwxRaLwlRiiPHsbzwQmjOQE0so08LeitmIasrAppO3IXx9iv8nrZLrVdzyzUWxfrmMI4eO0Qk6Qx6qojq6Rg3URAwN0QN6Qs+OdB6dF+d10briLGeO0A84b5+2bY4b</latexit>!

<latexit sha1_base64="ABLCAzrDh6GoA2jo9yke5K2rB2s=">AAACA3icdVBNSwMxEM36WetX1ZtegkXwtGSrrT1KBfGoYFXo1pJNUxuazS7JRCxLwYt/xYsHRbz6J7z5b0xrBRV9MPB4b4aZeVEqhQFC3r2JyanpmdncXH5+YXFpubCyemYSqxmvs0Qm+iKihkuheB0ESH6Rak7jSPLzqHcw9M+vuTYiUafQT3kzpldKdASj4KRWYb12mYW6m4SxDZUdtELgN2DT7LA0aBWKxA/2quXSDiZ+pUwCMiQkKFVJBQc+GaGIxjhuFd7CdsJszBUwSY1pBCSFZkY1CCb5IB9aw1PKevSKNxxVNOammY1+GOAtp7RxJ9GuFOCR+n0io7Ex/ThynTGFrvntDcW/vIaFTrWZCZVa4Ip9LupYiSHBw0BwW2jOQPYdoUwLdytmXaopAxdb3oXw9Sn+n5yV/KDil092i/u1cRw5tIE20TYK0B7aR0foGNURQ7foHj2iJ+/Oe/CevZfP1glvPLOGfsB7/QAiw5iC</latexit>

B⇢µ⌫
F2

<latexit sha1_base64="rpdPHJ5yOnrwSbjXkMKTtK8fDUE=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZmN5nERgl48JmASIVnC7GQ2GTP7YGZWCEu+wIsHRbz6Sd78G2eTCCpa0FBUddPd5cWCK43xh5VbWV1b38hvFra2d3b3ivsHHRUlkrI2jUQkbz2imOAha2uuBbuNJSOBJ1jXm1xlfveeScWj8EZPY+YGZBRyn1OijdS6GBRL2HZq9Ur5DGG7WsEOzgh2ynVcRY6N5yjBEs1B8b0/jGgSsFBTQZTqOTjWbkqk5lSwWaGfKBYTOiEj1jM0JAFTbjo/dIZOjDJEfiRNhRrN1e8TKQmUmgae6QyIHqvfXib+5fUS7dfdlIdxollIF4v8RCAdoexrNOSSUS2mhhAqubkV0TGRhGqTTcGE8PUp+p90yrZTtSut81LjchlHHo7gGE7BgRo04Bqa0AYKDB7gCZ6tO+vRerFeF605azlzCD9gvX0C5FGNBQ==</latexit>= <latexit sha1_base64="0Ct2T+Y5dzMw2mgvJjewWop1WGI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGAQvDj3RLMegF48JmAWSIfR0apI2PQvdPUIY8gVePCji1U/y5t/Yk0RQ0QcFj/eqqKrnxYIrTciHtbK6tr6xmdvKb+/s7u0XDg7bKkokgxaLRCS7HlUgeAgtzbWAbiyBBp6Ajje5zvzOPUjFo/BWT2NwAzoKuc8Z1UZqng8KRWI71Vq5dIGJXSkTh2SEOKUaqWDHJnMU0RKNQeG9P4xYEkComaBK9RwSazelUnMmYJbvJwpiyiZ0BD1DQxqActP5oTN8apQh9iNpKtR4rn6fSGmg1DTwTGdA9Vj99jLxL6+XaL/mpjyMEw0hWyzyE4F1hLOv8ZBLYFpMDaFMcnMrZmMqKdMmm7wJ4etT/D9pl2ynYpebl8X61TKOHDpGJ+gMOaiK6ugGNVALMQToAT2hZ+vOerRerNdF64q1nDlCP2C9fQLMEYz1</latexit>�
<latexit sha1_base64="uVLlHVtP0DI0i61IV01FiyN9xJQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GpLa17LoxmUFawvToWTSTBuamQxJRihDP8ONC0Xc+jXu/BszbQUVPXDhcM693HtPkAiuDUIfTmFtfWNzq7hd2tnd2z8oHx7daZkqyrpUCqn6AdFM8Jh1DTeC9RPFSBQI1gumV7nfu2dKcxnfmlnC/IiMYx5ySoyVvEGoCM3wPKvNh+UKcnGzVa9eQOQ26gijnCBcbaEGxC5aoAJW6AzL74ORpGnEYkMF0drDKDF+RpThVLB5aZBqlhA6JWPmWRqTiGk/W5w8h2dWGcFQKluxgQv1+0RGIq1nUWA7I2Im+reXi395XmrClp/xOEkNi+lyUZgKaCTM/4cjrhg1YmYJoYrbWyGdEJuCsSmVbAhfn8L/yV3VxQ23flOrtC9XcRTBCTgF5wCDJmiDa9ABXUCBBA/gCTw7xnl0XpzXZWvBWc0cgx9w3j4Bk86ReQ==</latexit>

1

4

<latexit sha1_base64="ww/aRO7qijRCBxUhHpiS4oj5+Kg=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuwqTax7LUjcsK9gFNDJPptB06mYSZSaGE/okbF4q49U/c+TdO2goqeuDC4Zx7ufeeMOFMaYQ+rLX1jc2t7cJOcXdv/+DQPjruqDiVhLZJzGPZC7GinAna1kxz2kskxVHIaTecXOd+d0qlYrG407OE+hEeCTZkBGsjBbbdvM88OY69KPVEOg9QYJeQ49bqlfIlRE61glyUE+SW66gKXQctUAIrtAL73RvEJI2o0IRjpfouSrSfYakZ4XRe9FJFE0wmeET7hgocUeVni8vn8NwoAziMpSmh4UL9PpHhSKlZFJrOCOux+u3l4l9eP9XDup8xkaSaCrJcNEw51DHMY4ADJinRfGYIJpKZWyEZY4mJNmEVTQhfn8L/SafsuFWncntVajRXcRTAKTgDF8AFNdAAN6AF2oCAKXgAT+DZyqxH68V6XbauWauZE/AD1tsn4HqT2A==</latexit>

B⇢µ⌫
0

<latexit sha1_base64="7S6Tbud2qmUwlC+nCzGSK6kxOwo=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8LbPRPI5BLx4jmAckS5idzCZDZmfXmVkhhPyEFw+KePV3vPk3ziYRVLSgoajqprsrSATXBuMPZ2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqBEQzwSVrGm4E6ySKkSgQrB2MrzK/fc+U5rG8NZOE+REZSh5ySoyVOj0e2S1M9wtF7HrVWrl0jrBbKWMPZwR7pRquIM/FcxRhiUa/8N4bxDSNmDRUEK27Hk6MPyXKcCrYLN9LNUsIHZMh61oqScS0P53fO0OnVhmgMFa2pEFz9fvElERaT6LAdkbEjPRvLxP/8rqpCWv+lMskNUzSxaIwFcjEKHseDbhi1IiJJYQqbm9FdEQUocZGlLchfH2K/ietkutV3PLNRbF+uYwjB8dwAmfgQRXqcA0NaAIFAQ/wBM/OnfPovDivi9YVZzlzBD/gvH0Cma+QXQ==</latexit>

=) <latexit sha1_base64="arvjA9gkrYFD28G4R8kDCYFFLdA=">AAAB+HicdVDJSgNBEO2JW4xLoh69NAbB09ATs12EoCAeI5gFkhB6Op2kSc9Cd40Yh3yJFw+KePVTvPk39iQRVPRBweO9KqrquaEUGgj5sFIrq2vrG+nNzNb2zm42t7ff1EGkGG+wQAaq7VLNpfB5AwRI3g4Vp54recudXCR+65YrLQL/BqYh73l05IuhYBSM1M9lWb8L/A6iML4szM6K/Vye2E6lWiqcYmKXS8QhCSFOoUrK2LHJHHm0RL2fe+8OAhZ53AcmqdYdh4TQi6kCwSSfZbqR5iFlEzriHUN96nHdi+eHz/CxUQZ4GChTPuC5+n0ipp7WU881nR6Fsf7tJeJfXieCYbUXCz+MgPtssWgYSQwBTlLAA6E4Azk1hDIlzK2YjamiDExWGRPC16f4f9Is2E7ZLl0X87XzZRxpdIiO0AlyUAXV0BWqowZiKEIP6Ak9W/fWo/VivS5aU9Zy5gD9gPX2CcP7ky4=</latexit>

cF2 = 4

<latexit sha1_base64="BF/50+rJE4jVDje5oEQH9Og3fGM=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GmYmq7cQLx4jmAWSIfR0OkmTnsXuGjEM+QkvHhTx6u9482/sSSKo6IOCx3tVVNXzIsEVWNaHkVlb39jcym7ndnb39g/yh0dtFcaSshYNRSi7HlFM8IC1gINg3Ugy4nuCdbzpZep37phUPAxuYBYx1yfjgI84JaClbh/YPSSN+SBfsMyLWsUpO9gyLavqFCspcaolp4htraQooBWag/x7fxjS2GcBUEGU6tlWBG5CJHAq2DzXjxWLCJ2SMetpGhCfKTdZ3DvHZ1oZ4lEodQWAF+r3iYT4Ss18T3f6BCbqt5eKf3m9GEY1N+FBFAML6HLRKBYYQpw+j4dcMgpipgmhkutbMZ0QSSjoiHI6hK9P8f+k7Zh2xSxflwr1xiqOLDpBp+gc2aiK6ugKNVELUSTQA3pCz8at8Wi8GK/L1oyxmjlGP2C8fQK615Bz</latexit>

B <latexit sha1_base64="HsxkzhHMBq6qAuY8GuJp4a2a3Ho=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2ge0Q8mkmTY0kwxJRihDP8GNC0Xc+kXu/BszbQUVPXDhcM693HtPEDOqtON8WLm19Y3Nrfx2YWd3b/+geHjUUSKRmLSxYEL2AqQIo5y0NdWM9GJJUBQw0g2mV5nfvSdSUcHv9CwmfoTGnIYUI22k24EWw2LJsS8aNa/qQcd2nLpXrmXEq1e8MnSNkqEEVmgNi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx6hyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDht+SnmcaMLxclGYMKgFzP6GIyoJ1mxmCMKSmlshniCJsDbpFEwIX5/C/0nHs92aXb2plJqXqzjy4AScgnPggjpogmvQAm2AwRg8gCfwbDHr0XqxXpetOWs1cwx+wHr7BMUSjiU=</latexit>!
<latexit sha1_base64="O3WTxxh6PhAAz6JBk22ZhfPLLFA=">AAACAnicdVBNSwMxEM36bf1a9SRegkXwVLZrv7yVevGoYLXQrSWbpm0wm12SiViW4sW/4sWDIl79Fd78N2a1goo+GHi8N8PMvDARXIPnvTlT0zOzc/MLi7ml5ZXVNXd940zHRlHWpLGIVSskmgkuWRM4CNZKFCNRKNh5eHmY+edXTGkey1MYJawTkYHkfU4JWKnrbjUu0kAN4yAygTTjbgDsGkySNsZdN+8VDmoVv+xjr+B5VX+/khG/WvL3cdEqGfJoguOu+xr0YmoiJoEKonW76CXQSYkCTgUb5wKjWULoJRmwtqWSREx30o8XxnjXKj3cj5UtCfhD/T6RkkjrURTazojAUP/2MvEvr22gX+ukXCYGmKSfi/pGYIhxlgfuccUoiJElhCpub8V0SBShYFPL2RC+PsX/kzO/UKwUyielfL0xiWMBbaMdtIeKqIrq6Agdoyai6AbdoQf06Nw6986T8/zZOuVMZjbRDzgv77A4mEw=</latexit>

B⇢µ⌫
B

<latexit sha1_base64="+Wsgg6gOHwylyZQhhaTjip4aobI=">AAACA3icdVBNSwMxEM36bf2qetNLsAieyu6qrd5KBfFYwVahW0s2TW0wm12SiViWghf/ihcPinj1T3jz35htK6jog4HHezPMzAsTwTW47oczMTk1PTM7N59bWFxaXsmvrjV0bBRldRqLWF2ERDPBJasDB8EuEsVIFAp2Hl4fZf75DVOax/IM+glrReRK8i6nBKzUzm9UL9NA9eIgMoE0g3YA7BZMkh57g3a+4BYPD0r+vo/douuW/d1SRvzynr+LPatkKKAxau38e9CJqYmYBCqI1k3PTaCVEgWcCjbIBUazhNBrcsWalkoSMd1Khz8M8LZVOrgbK1sS8FD9PpGSSOt+FNrOiEBP//Yy8S+vaaB70Eq5TAwwSUeLukZgiHEWCO5wxSiIviWEKm5vxbRHFKFgY8vZEL4+xf+Thl/0SsX9071CpTqOYw5toi20gzxURhV0gmqojii6Qw/oCT07986j8+K8jlonnPHMOvoB5+0TL+OYiw==</latexit>

B⇢µ⌫
F1

<latexit sha1_base64="RhC0fu33jgIeAT2DJamsA9u3PZs=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiB4GmYmq7egIB4jmEWSIfR0OkmTnoXuGjEM+QovHhTx6ud482/sSSKo6IOCx3tVVNXzIsEVWNaHkVlZXVvfyG7mtrZ3dvfy+wctFcaSsiYNRSg7HlFM8IA1gYNgnUgy4nuCtb3JReq375hUPAxuYBox1yejgA85JaCl2x6we0gu7Vk/X7DMs1rFKTvYMi2r6hQrKXGqJaeIba2kKKAlGv38e28Q0thnAVBBlOraVgRuQiRwKtgs14sViwidkBHrahoQnyk3mR88wydaGeBhKHUFgOfq94mE+EpNfU93+gTG6reXin953RiGNTfhQRQDC+hi0TAWGEKcfo8HXDIKYqoJoZLrWzEdE0ko6IxyOoSvT/H/pOWYdsUsX5cK9fNlHFl0hI7RKbJRFdXRFWqgJqLIRw/oCT0b0ng0XozXRWvGWM4coh8w3j4BM0OQsg==</latexit>

F1
<latexit sha1_base64="HsxkzhHMBq6qAuY8GuJp4a2a3Ho=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2ge0Q8mkmTY0kwxJRihDP8GNC0Xc+kXu/BszbQUVPXDhcM693HtPEDOqtON8WLm19Y3Nrfx2YWd3b/+geHjUUSKRmLSxYEL2AqQIo5y0NdWM9GJJUBQw0g2mV5nfvSdSUcHv9CwmfoTGnIYUI22k24EWw2LJsS8aNa/qQcd2nLpXrmXEq1e8MnSNkqEEVmgNi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx6hyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDht+SnmcaMLxclGYMKgFzP6GIyoJ1mxmCMKSmlshniCJsDbpFEwIX5/C/0nHs92aXb2plJqXqzjy4AScgnPggjpogmvQAm2AwRg8gCfwbDHr0XqxXpetOWs1cwx+wHr7BMUSjiU=</latexit>!

new bad improvements
<latexit sha1_base64="TGsSBPewc5DO1F9j9EHfVAJiQUw=">AAACA3icdVDLSgMxFM34rPVVdaebYBFclZnp00WhVBCXFewD2lIyadqGZh4kd8QyFNz4K25cKOLWn3Dn35hpK6jogQsn59xL7j1OILgC0/wwlpZXVtfWExvJza3tnd3U3n5D+aGkrE594cuWQxQT3GN14CBYK5CMuI5gTWd8HvvNGyYV971rmASs65KhxwecEtBSL3VIex1gtxAGUXVaXjyiC2taNnuptJk5KxXsvI3NjGkW7WwhJnYxZ2expZUYabRArZd67/R9GrrMAyqIUm3LDKAbEQmcCjZNdkLFAkLHZMjamnrEZaobzW6Y4hOt9PHAl7o8wDP1+0REXKUmrqM7XQIj9duLxb+8dgiDUjfiXhAC8+j8o0EoMPg4DgT3uWQUxEQTQiXXu2I6IpJQ0LEldQhfl+L/ScPOWIVM/iqXrlQXcSTQETpGp8hCRVRBl6iG6oiiO/SAntCzcW88Gi/G67x1yVjMHKAfMN4+AVVdl/s=</latexit>

cB = cF1 = 0
<latexit sha1_base64="jts7Lnnf9nJyqK0rB+FB0QQRDgY=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ae0Q8mkmTY0yYxJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HtPEDOqtON8WLm19Y3Nrfx2YWd3b/+geHjUUVEiMWnjiEWyFyBFGBWkralmpBdLgnjASDeYXmV+955IRSNxq2cx8TkaCxpSjLSRegPKzRaihsWSY180al7Vg47tOHWvXMuIV694ZegaJUMJrNAaFt8HowgnnAiNGVKq7zqx9lMkNcWMzAuDRJEY4Skak76hAnGi/HRx7xyeGWUEw0iaEhou1O8TKeJKzXhgOjnSE/Xby8S/vH6iw4afUhEnmgi8XBQmDOoIZs/DEZUEazYzBGFJza0QT5BEWJuICiaEr0/h/6Tj2W7Nrt5USs3LVRx5cAJOwTlwQR00wTVogTbAgIEH8ASerTvr0XqxXpetOWs1cwx+wHr7BKhUkGc=</latexit>

=)

<latexit sha1_base64="idCvlr/J3gRefuMqmCqD9/Faz88=">AAACGnicdVBJSwMxGM241rqNevQSLIIHGWamq7eiF48V7AKdoWTSTBuaWUgyQhnmd3jxr3jxoIg38eK/MdNWcH0QeLz3vuTL82JGhTTNd21peWV1bb2wUdzc2t7Z1ff2OyJKOCZtHLGI9zwkCKMhaUsqGenFnKDAY6TrTS5yv3tDuKBReC2nMXEDNAqpTzGSShroVurMLunzkeempmHOcPqLZA4N1D5EZAO9ZBpnjZpdtWHu1u1yLSd2vWKXobXIl8ACrYH+6gwjnAQklJghIfqWGUs3RVxSzEhWdBJBYoQnaET6ioYoIMJNZ1tl8FgpQ+hHXJ1Qwpn6dSJFgRDTwFPJAMmx+Onl4l9eP5F+w01pGCeShHj+kJ8wKCOY9wSHlBMs2VQRhDlVu0I8RhxhqdosqhI+fwr/Jx3bsGpG9apSap4v6iiAQ3AEToAF6qAJLkELtAEGt+AePIIn7U570J61l3l0SVvMHIBv0N4+AGIpnWI=</latexit>

=) <latexit sha1_base64="ci/ZVRYGYOro2o+ey4d/H8UZx70=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJtp7W7ohuXFewD2qFk0rQNTTJjkhHK0J9w40IRt/6OO//G9CGo6IELh3Pu5d57wpgzbRD6cDJr6xubW9nt3M7u3v5B/vCopaNEEdokEY9UJ8SaciZp0zDDaSdWFIuQ03Y4uZr77XuqNIvkrZnGNBB4JNmQEWys1OkxYbdQ3c8XkFtEqOxXIHJLfsWrFS2pVct+yYeeixYogBUa/fx7bxCRRFBpCMdadz0UmyDFyjDC6SzXSzSNMZngEe1aKrGgOkgX987gmVUGcBgpW9LAhfp9IsVC66kIbafAZqx/e3PxL6+bmOFFkDIZJ4ZKslw0TDg0EZw/DwdMUWL41BJMFLO3QjLGChNjI8rZEL4+hf+TVtH1Kq5/Uy7UL1dxZMEJOAXnwANVUAfXoAGagAAOHsATeHbunEfnxXldtmac1cwx+AHn7ROy1JBv</latexit>

=)
<latexit sha1_base64="e81qyFkNBBlsTCSIKvk32dvPimM="></latexit>

Jµ = Jµ
0 +

4i

m
@⌫

⇣
�̄[µ�5�

⌫]
⌘

<latexit sha1_base64="LVwWKcDXVFKb0EbsWjNLC7i6Sp0="></latexit>

Gµ�⌫⇢ = Gµ�⌫⇢
hh + Gµ�⌫⇢

AA + Gµ�⌫⇢
Ah + Gµ�⌫⇢

F

<latexit sha1_base64="h3lFtSXpjHghxFOt88thuFW7cvc="></latexit>

Tµ⌫ = Tµ⌫
K + @⇢@�Gµ�⌫⇢



2 → 2 massive spin-2 scattering amplitude

hμν

hμν

hμν

hμν

<latexit sha1_base64="QURWTqS+aAdNvrmsOzRq0ie36cY=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjKloy6LblxWsLXQDiWTZjqhSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMhh3Pu5d57wpQzbRD6cCorq2vrG9XN2tb2zu5eff+gp5NMEdolCU9UP8SaciZp1zDDaT9VFIuQ07twelX4d/dUaZbIWzNLaSDwRLKIEWwKadiJ2ajeQK6PLJoQucXf8mGp+NBbKAg1QInOqP4+HCckE1QawrHWAw+lJsixMoxwOq8NM01TTKZ4QgeWSiyoDvLFrnN4YpUxjBJlnzRwoX7vyLHQeiZCWymwifVvrxD/8gaZiS6CnMk0M1SS5aAo49AksDgcjpmixPCZJZgoZneFJMYKE2PjqdkQvi6F/5Ne0/XOXP+m1WhflnFUwRE4BqfAA+egDa5BB3QBATF4AE/g2RHOo/PivC5LK07Zcwh+wHn7BAuDjkM=</latexit>

�

(1) High-energy limit:
<latexit sha1_base64="osyRmQJSvWuutsLXjU4WRmQ1fNc=">AAACAXicdVBPS8MwHE39O+e/qhfBS3AIHkZpdZ32NvTiUcE5YR0jzVIXlqYl+VUYRS9+FS8eFPHqt/DmtzGbE1T0QcLjvd+P5L0oE1yD675bU9Mzs3PzpYXy4tLyyqq9tn6h01xR1qSpSNVlRDQTXLImcBDsMlOMJJFgrWhwPPJb10xpnspzGGask5AryWNOCRipa2/qEFIcchnDsIrDamgu6DMgXbviOm69Hvg17Dq+v+/VAkOC4ND3XOw57hgVNMFp134LeynNEyaBCqJ123Mz6BREAaeC3ZTDXLOM0AG5Ym1DJUmY7hTjBDd4xyg9HKfKHAl4rH7fKEii9TCJzGRCoK9/eyPxL6+dQ3zYKbjMcmCSfj4U5wKb0KM6cI8rRkEMDSFUcfNXTPtEEQqmtLIp4Ssp/p9c7Dle3fHPapXG0aSOEtpC22gXeegANdAJOkVNRNEtukeP6Mm6sx6sZ+vlc3TKmuxsoB+wXj8Aa9CWRA==</latexit>

s ! 1, ✓ fixed

[BONIFACIO, HINTERBICHLER ’18] 
[BONIFACIO, HINTERBICHLER, ROSEN ’19]

<latexit sha1_base64="fAqRienQjN9elfV4WbL1aeQl5GU=">AAAB/3icbVC7TsMwFHV4lvIKILGwWFRIZakSRIGxwMJYJPqQmlA5rtNatZ3IdpCq0IFfYWEAIVZ+g42/wWkzQMuRLB2dc6/u8QliRpV2nG9rYXFpeWW1sFZc39jc2rZ3dpsqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBcPrzG89EKloJO70KCY+R31BQ4qRNlLX3vc40gOMWHo5LqtjT1EO1X21a5ecijMBnCduTkogR71rf3m9CCecCI0ZUqrjOrH2UyQ1xYyMi16iSIzwEPVJx1CBOFF+Osk/hkdG6cEwkuYJDSfq740UcaVGPDCTWVo162Xif14n0eGFn1IRJ5oIPD0UJgzqCGZlwB6VBGs2MgRhSU1WiAdIIqxNZUVTgjv75XnSPKm4Z5Xq7WmpdpXXUQAH4BCUgQvOQQ3cgDpoAAwewTN4BW/Wk/VivVsf09EFK9/ZA39gff4AKqmVjw==</latexit>

A(s) ⇠ s5 &

[ARKANI-HAMED, GEORGI, SCHWARTZ ’03]

<latexit sha1_base64="yD6wjJLOdbxJAeTH6OFGwqIUB10=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKo16EohePFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xm0bQUUfLPt4b4aZeWHKmdKO82GVVlbX1jfKm5Wt7Z3dver+QVslmSTUJwlPZDfEinImqK+Z5rSbSorjkNNOOLme+517KhVLxJ2epjSI8UiwiBGsjeT3W2N2OajWHNtzDOrIsed/w0OF4iF3oThODQq0BtX3/jAhWUyFJhwr1XOdVAc5lpoRTmeVfqZoiskEj2jPUIFjqoJ8sewMnRhliKJEmic0WqjfO3IcKzWNQ1MZYz1Wv725+JfXy3R0EeRMpJmmgiwHRRlHOkHzy9GQSUo0nxqCiWRmV0TGWGKiTT4VE8LXpeh/0q7b7pnt3TZqzasijjIcwTGcggvn0IQbaIEPBBg8wBM8W8J6tF6s12VpySp6DuEHrLdPjl6Oig==</latexit>

� = spin-2, spin-1, spin-0

<latexit sha1_base64="kFVNCWCw4jFPjFBo70aOj2IuWaI=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN0OmtY+NUHXjsoJ9QDuWTJq2oZkHSUYsw/yKGxeKuPVH3Pk3ZtoKKnogcDjnXu7JcUPOpELow8isrK6tb2Q3c1vbO7t75n6+LYNIENoiAQ9E18WScubTlmKK024oKPZcTjvu9DL1O3dUSBb4N2oWUsfDY5+NGMFKSwMz3/ewmhDM4/OkKE/O5G15YBaQZdfqlVIZIqtaQTZKCbJLdVSFtoXmKIAlmgPzvT8MSORRXxGOpezZKFROjIVihNMk148kDTGZ4jHtaepjj0onnmdP4LFWhnAUCP18Befq940Ye1LOPFdPpknlby8V//J6kRrVnZj5YaSoTxaHRhGHKoBpEXDIBCWKzzTBRDCdFZIJFpgoXVdOl/D1U/g/aZcsu2pVrk8LjYtlHVlwCI5AEdigBhrgCjRBCxBwDx7AE3g2EuPReDFeF6MZY7lzAH7AePsEd4yUFw==</latexit>

A(s) = s3
<latexit sha1_base64="yyAoit8fFpeviFqh27kAHGCKE4g=">AAAB/HicdVDLSgMxFM34tr5GXboJFsHVkKn2sSy6calgH9CWkkkzbWgmGZI7Sin1V9y4UMStH+LOvzGtFVT0wIXDOfdy7z1RKoUFQt69hcWl5ZXVtfXcxubW9o6/u1e3OjOM15iW2jQjarkUitdAgOTN1HCaRJI3ouH51G/ccGOFVtcwSnknoX0lYsEoOKnr77elVn3JYzCiPwBqjL7t+nkShOVKsXCCSVAqkpBMCQkLFVLCYUBmyKM5Lrv+W7unWZZwBUxSa1shSaEzpgYEk3ySa2eWp5QNaZ+3HFU04bYznh0/wUdO6eFYG1cK8Ez9PjGmibWjJHKdCYWB/e1Nxb+8VgZxpTMWKs2AK/a5KM4kBo2nSeCeMJyBHDlCmRHuVswG1FAGLq+cC+HrU/w/qReCsBQUr07z1bN5HGvoAB2iYxSiMqqiC3SJaoihEbpHj+jJu/MevGfv5bN1wZvP7KMf8F4/AAD+la0=</latexit> ! dRGT massive gravity & Hassan-Rosen bigravity

[DE RHAM, GABADADZE, TOLLEY ’11] [HASSAN, ROSEN ’12]

<latexit sha1_base64="cJbgy9fYDfsaLInF0hR3OI+/1vI=">AAAB/nicdVBLSwMxGMzWV62vVfHkJViEelnS2lWPVS8eK9gHdNeSTbNtaPZBkhXKUvCvePGgiFd/hzf/jdl2BRUdCBlmvo9Mxos5kwqhD6OwsLi0vFJcLa2tb2xumds7bRklgtAWiXgkuh6WlLOQthRTnHZjQXHgcdrxxpeZ37mjQrIovFGTmLoBHobMZwQrLfXNPSfAakQwT8+nFXnkDCmUt8d9s4wsG2nUILKyu27DXLFhdaYgVAY5mn3z3RlEJAloqAjHUvaqKFZuioVihNNpyUkkjTEZ4yHtaRrigEo3ncWfwkOtDKAfCX1CBWfq940UB1JOAk9PZmHlby8T//J6ifLP3JSFcaJoSOYP+QmHKoJZF3DABCWKTzTBRDCdFZIRFpgo3VhJl/D1U/g/ades6ollX9fLjYu8jiLYBwegAqrgFDTAFWiCFiAgBQ/gCTwb98aj8WK8zkcLRr6zC37AePsEYgOVIA==</latexit>

A(s) � s3



2 → 2 massive spin-2 scattering amplitude

hμν

hμν

hμν

hμν

<latexit sha1_base64="QURWTqS+aAdNvrmsOzRq0ie36cY=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjKloy6LblxWsLXQDiWTZjqhSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMhh3Pu5d57wpQzbRD6cCorq2vrG9XN2tb2zu5eff+gp5NMEdolCU9UP8SaciZp1zDDaT9VFIuQ07twelX4d/dUaZbIWzNLaSDwRLKIEWwKadiJ2ajeQK6PLJoQucXf8mGp+NBbKAg1QInOqP4+HCckE1QawrHWAw+lJsixMoxwOq8NM01TTKZ4QgeWSiyoDvLFrnN4YpUxjBJlnzRwoX7vyLHQeiZCWymwifVvrxD/8gaZiS6CnMk0M1SS5aAo49AksDgcjpmixPCZJZgoZneFJMYKE2PjqdkQvi6F/5Ne0/XOXP+m1WhflnFUwRE4BqfAA+egDa5BB3QBATF4AE/g2RHOo/PivC5LK07Zcwh+wHn7BAuDjkM=</latexit>

�

<latexit sha1_base64="yD6wjJLOdbxJAeTH6OFGwqIUB10=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKo16EohePFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xm0bQUUfLPt4b4aZeWHKmdKO82GVVlbX1jfKm5Wt7Z3dver+QVslmSTUJwlPZDfEinImqK+Z5rSbSorjkNNOOLme+517KhVLxJ2epjSI8UiwiBGsjeT3W2N2OajWHNtzDOrIsed/w0OF4iF3oThODQq0BtX3/jAhWUyFJhwr1XOdVAc5lpoRTmeVfqZoiskEj2jPUIFjqoJ8sewMnRhliKJEmic0WqjfO3IcKzWNQ1MZYz1Wv725+JfXy3R0EeRMpJmmgiwHRRlHOkHzy9GQSUo0nxqCiWRmV0TGWGKiTT4VE8LXpeh/0q7b7pnt3TZqzasijjIcwTGcggvn0IQbaIEPBBg8wBM8W8J6tF6s12VpySp6DuEHrLdPjl6Oig==</latexit>

� = spin-2, spin-1, spin-0

(2) Regge limit: fixed<latexit sha1_base64="ihCPoMYeBJ9jDSzYWZ+H09JQ5T4=">AAAB/HicdVBNS8NAEN34bf2K9uhlsQgeSki0qe2t6MWjglWhCWWz3dilm03YnQgh6F/x4kERr/4Qb/4bt7WCij4YeLw3w8y8KBNcg+u+WzOzc/MLi0vLlZXVtfUNe3PrQqe5oqxLU5Gqq4hoJrhkXeAg2FWmGEkiwS6j0fHYv7xhSvNUnkORsTAh15LHnBIwUt+u6gBSHHAZQ1HHQT2oY+jbNddxm82238Cu4/sHXqNtSLvd8j0Xe447QQ1Ncdq334JBSvOESaCCaN3z3AzCkijgVLDbSpBrlhE6ItesZ6gkCdNhOTn+Fu8aZYDjVJmSgCfq94mSJFoXSWQ6EwJD/dsbi395vRziVlhymeXAJP1cFOcCm3/HSeABV4yCKAwhVHFzK6ZDoggFk1fFhPD1Kf6fXOw7XtPxzxq1ztE0jiW0jXbQHvLQIeqgE3SKuoiiAt2jR/Rk3VkP1rP18tk6Y01nqugHrNcPiY+UFA==</latexit>

s ! 1, t

[KUNDU, PALTI, QUIRANT ’23]

<latexit sha1_base64="cJbgy9fYDfsaLInF0hR3OI+/1vI=">AAAB/nicdVBLSwMxGMzWV62vVfHkJViEelnS2lWPVS8eK9gHdNeSTbNtaPZBkhXKUvCvePGgiFd/hzf/jdl2BRUdCBlmvo9Mxos5kwqhD6OwsLi0vFJcLa2tb2xumds7bRklgtAWiXgkuh6WlLOQthRTnHZjQXHgcdrxxpeZ37mjQrIovFGTmLoBHobMZwQrLfXNPSfAakQwT8+nFXnkDCmUt8d9s4wsG2nUILKyu27DXLFhdaYgVAY5mn3z3RlEJAloqAjHUvaqKFZuioVihNNpyUkkjTEZ4yHtaRrigEo3ncWfwkOtDKAfCX1CBWfq940UB1JOAk9PZmHlby8T//J6ifLP3JSFcaJoSOYP+QmHKoJZF3DABCWKTzTBRDCdFZIRFpgo3VhJl/D1U/g/ades6ollX9fLjYu8jiLYBwegAqrgFDTAFWiCFiAgBQ/gCTwb98aj8WK8zkcLRr6zC37AePsEYgOVIA==</latexit>

A(s) � s3

(1) High-energy limit:
<latexit sha1_base64="osyRmQJSvWuutsLXjU4WRmQ1fNc=">AAACAXicdVBPS8MwHE39O+e/qhfBS3AIHkZpdZ32NvTiUcE5YR0jzVIXlqYl+VUYRS9+FS8eFPHqt/DmtzGbE1T0QcLjvd+P5L0oE1yD675bU9Mzs3PzpYXy4tLyyqq9tn6h01xR1qSpSNVlRDQTXLImcBDsMlOMJJFgrWhwPPJb10xpnspzGGask5AryWNOCRipa2/qEFIcchnDsIrDamgu6DMgXbviOm69Hvg17Dq+v+/VAkOC4ND3XOw57hgVNMFp134LeynNEyaBCqJ123Mz6BREAaeC3ZTDXLOM0AG5Ym1DJUmY7hTjBDd4xyg9HKfKHAl4rH7fKEii9TCJzGRCoK9/eyPxL6+dQ3zYKbjMcmCSfj4U5wKb0KM6cI8rRkEMDSFUcfNXTPtEEQqmtLIp4Ssp/p9c7Dle3fHPapXG0aSOEtpC22gXeegANdAJOkVNRNEtukeP6Mm6sx6sZ+vlc3TKmuxsoB+wXj8Aa9CWRA==</latexit>

s ! 1, ✓ fixed

[BONIFACIO, HINTERBICHLER ’18] 
[BONIFACIO, HINTERBICHLER, ROSEN ’19]

<latexit sha1_base64="fAqRienQjN9elfV4WbL1aeQl5GU=">AAAB/3icbVC7TsMwFHV4lvIKILGwWFRIZakSRIGxwMJYJPqQmlA5rtNatZ3IdpCq0IFfYWEAIVZ+g42/wWkzQMuRLB2dc6/u8QliRpV2nG9rYXFpeWW1sFZc39jc2rZ3dpsqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBcPrzG89EKloJO70KCY+R31BQ4qRNlLX3vc40gOMWHo5LqtjT1EO1X21a5ecijMBnCduTkogR71rf3m9CCecCI0ZUqrjOrH2UyQ1xYyMi16iSIzwEPVJx1CBOFF+Osk/hkdG6cEwkuYJDSfq740UcaVGPDCTWVo162Xif14n0eGFn1IRJ5oIPD0UJgzqCGZlwB6VBGs2MgRhSU1WiAdIIqxNZUVTgjv75XnSPKm4Z5Xq7WmpdpXXUQAH4BCUgQvOQQ3cgDpoAAwewTN4BW/Wk/VivVsf09EFK9/ZA39gff4AKqmVjw==</latexit>

A(s) ⇠ s5 &
<latexit sha1_base64="qCChpxy4VGi2R4m33Shvghyb1mI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMS38uqG5cV7AOaWCbTSTt08mBmIpRQ8FfcuFDErd/hzr9x0mahrQcGDufcyz1zvJgzqSzr2ygsLC4trxRXS2vrG5tb5vZOU0aJILRBIh6Jtocl5SykDcUUp+1YUBx4nLa84U3mtx6pkCwK79Uopm6A+yHzGcFKS11zzwmwGhDM06txRR45fYrkw0nXLFtVawI0T+yclCFHvWt+Ob2IJAENFeFYyo5txcpNsVCMcDouOYmkMSZD3KcdTUMcUOmmk/hjdKiVHvIjoV+o0ET9vZHiQMpR4OnJLKyc9TLxP6+TKP/STVkYJ4qGZHrITzhSEcq6QD0mKFF8pAkmgumsiAywwETpxkq6BHv2y/OkeVy1z6tnd6fl2nVeRxH24QAqYMMF1OAW6tAAAik8wyu8GU/Gi/FufExHC0a+swt/YHz+ADyIlQY=</latexit>

A(s) � s3

[ARKANI-HAMED, GEORGI, SCHWARTZ ’03]



- Massive spin-2 scattering from the unique coupling:

<latexit sha1_base64="/ruDvRFiZv42WmGc3Shc6o93Wag="></latexit>

Tµ⌫
h = Tµ⌫

FP + @⇢@�

✓
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�h
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2 → 2 massive spin-2 scattering amplitude

hμν

hμν

hμν

hμν

gμν

<latexit sha1_base64="WB4P401nMdG0Mv+VG1aTIDhrtss=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6nfqtJ1SaxfLBjBMMBBlIFjFKjJXaXSbsFtS9csWrejO4y8TPSQVy1Hvlr24/pqlAaSgnWnd8LzFBRpRhlOOk1E01JoSOyAA7lkoiUAfZ7N6Je2KVvhvFypY07kz9PZERofVYhLZTEDPUi95U/M/rpCa6DjImk9SgpPNFUcpdE7vT590+U0gNH1tCqGL2VpcOiSLU2IhKNgR/8eVl0jyr+pfVi/vzSu0mj6MIR3AMp+DDFdTgDurQAAocnuEV3pxH58V5dz7mrQUnnzmEP3A+fwBFa5Aj</latexit>

=)
<latexit sha1_base64="gWQ1XUSXRYaIFEfMtQlPNpOFWI4=">AAAB/3icbVC7TsMwFHV4lvIKILGwWFRIZakSVB5jgYWxSPQhNaFyXKe1ajuR7SBVoQO/wsIAQqz8Bht/g9NmgJYjWTo6517d4xPEjCrtON/WwuLS8spqYa24vrG5tW3v7DZVlEhMGjhikWwHSBFGBWloqhlpx5IgHjDSCobXmd96IFLRSNzpUUx8jvqChhQjbaSuve9xpAcYsfRyXFbHnqIcqvtq1y45FWcCOE/cnJRAjnrX/vJ6EU44ERozpFTHdWLtp0hqihkZF71EkRjhIeqTjqECcaL8dJJ/DI+M0oNhJM0TGk7U3xsp4kqNeGAms7Rq1svE/7xOosMLP6UiTjQReHooTBjUEczKgD0qCdZsZAjCkpqsEA+QRFibyoqmBHf2y/OkeVJxzyqnt9VS7SqvowAOwCEoAxecgxq4AXXQABg8gmfwCt6sJ+vFerc+pqMLVr6zB/7A+vwBKSWVjg==</latexit>

A(s) ⇠ s4 both high-energy & Regge  

agreement with [ARKANI-HAMED, GEORGI, SCHWARTZ ’03] [BONIFACIO, HINTERBICHLER ’18]  [BONIFACIO, HINTERBICHLER, ROSEN ’19] [KUNDU, PALTI, QUIRANT ’23]
<latexit sha1_base64="cFQWJ/8aRNwAfG5zD8EHTwwPUVs=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcTE1aSD4MCO6MYlJiIkMCGdUqCh007ajgYJX+LGhca49VPc+TeWh4kaPclNTs65N/feEyWcaYPQh5NZWV1b38hu5ra2d3bz7t7+jZapIrRBJJeqFWFNORO0YZjhtJUoiuOI02Y0upj5zVuqNJPi2owTGsZ4IFifEWys1HXzHS7FQLHB0GCl5F3XLSCvWi76lSJEXhn5QalqCToNUDWAvofmKIAl6l33vdOTJI2pMIRjrds+Skw4wcowwuk010k1TTAZ4QFtWypwTHU4mR8+hcdW6cG+VLaEgXP1+8QEx1qP48h2xtgM9W9vJv7ltVPTr4QTJpLUUEEWi/oph0bCWQqwxxQlho8twUQxeyskQ6wwMTarnA3h61P4P7kpev6ZV74qFWrnyziy4BAcgRPggwDUwCWogwYgIAUP4Ak8O/fOo/PivC5aM85y5gD8gPP2Cee6k+8=</latexit>�!
<latexit sha1_base64="8ekw8es8nTtoBkrbB2uNonkNS28=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwNWSqfSyLblxWsA9oh5JJM21oJhmSjFJLv8SNC0Xc+inu/BszbQUVPXDhcM693HtPmHCmDUIfzsrq2vrGZm4rv72zu1dw9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4MvPbt1RpJsWNmSQ0iPFQsIgRbKzUdws9LsVQseHIYKXkXd8tIs+v1sqlM4i8Shn5KCPIL9VQBfoemqMIlmj03ffeQJI0psIQjrXu+igxwRQrwwins3wv1TTBZIyHtGupwDHVwXR++AyeWGUAI6lsCQPn6veJKY61nsSh7YyxGenfXib+5XVTE9WCKRNJaqggi0VRyqGRMEsBDpiixPCJJZgoZm+FZIQVJsZmlbchfH0K/yetkudXvPL1ebF+sYwjB47AMTgFPqiCOrgCDdAEBKTgATyBZ+feeXRenNdF64qznDkEP+C8fQLJvJPa</latexit>�! better behaviour than the generic  

<latexit sha1_base64="y9MuvlFAGnAiLgBumnlFyPoOVLA=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNbpJj0IvHiOYByRpmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJRIypo0EpHs+EQxwUPW1FwL1oklI4EvWNufXGZ++55JxaPwVk9j5gVkFPIhp0Qb6Ubduf1iCdtOteaWzxC2Ky52cEawU67hCnJsPEcJlmj0i++9QUSTgIWaCqJU18Gx9lIiNaeCzQq9RLGY0AkZsa6hIQmY8tL5qTN0YpQBGkbSVKjRXP0+kZJAqWngm86A6LH67WXiX1430cOal/IwTjQL6WLRMBFIRyj7Gw24ZFSLqSGESm5uRXRMJKHapFMwIXx9iv4nrbLtVGz3+rxUv1jGkYcjOIZTcKAKdbiCBjSBwgge4AmeLWE9Wi/W66I1Zy1nDuEHrLdPYCGN4g==</latexit>

s5

<latexit sha1_base64="n2KdgidYfpcCnBQccmDO/wfZSa0=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqzIzfborunFZwT6gHUomTaehmWRIMkot/RI3LhRx66e482/MtBVU9MCFwzn3cu89Qcyo0o7zYWXW1jc2t7LbuZ3dvf28fXDYViKRmLSwYEJ2A6QIo5y0NNWMdGNJUBQw0gkml6nfuSVSUcFv9DQmfoRCTkcUI22kgZ3vM8FDScOxRlKKu4FdcIrn9apX8aBTdJyaV6qmxKuVvRJ0jZKiAFZoDuz3/lDgJCJcY4aU6rlOrP0ZkppiRua5fqJIjPAEhaRnKEcRUf5scfgcnhplCEdCmuIaLtTvEzMUKTWNAtMZIT1Wv71U/MvrJXpU92eUx4kmHC8XjRIGtYBpCnBIJcGaTQ1BWFJzK8RjJBHWJqucCeHrU/g/aXtFt1qsXJcLjYtVHFlwDE7AGXBBDTTAFWiCFsAgAQ/gCTxb99aj9WK9Llsz1mrmCPyA9fYJ2GGT5A==</latexit>�! non-minimal improvements worsen the amplitude 



- Connection with superstring theory:

<latexit sha1_base64="mO9s08NDCbPrHSOkhkuyLdNl03I="></latexit>
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<latexit sha1_base64="malCWrmIuYx0g4G7xTe45pzfUHk=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dM5JHAhswODYzM7qwzsyRkwz948aAxXv0fb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+oa5kohjUmhVTNgGoUPMKa4UZgM1ZIw0BgIxjeTv3GCJXmMnow4xj9kPYj3uOMGivV2/iU8FGnWHLL7gxkmXgZKUGGaqf41e5KloQYGSao1i3PjY2fUmU4EzgptBONMWVD2seWpRENUfvp7NoJObFKl/SkshUZMlN/T6Q01HocBrYzpGagF72p+J/XSkzv2k95FCcGIzZf1EsEMZJMXyddrpAZMbaEMsXtrYQNqKLM2IAKNgRv8eVlUj8re5fli/vzUuUmiyMPR3AMp+DBFVTgDqpQAwaP8Ayv8OZI58V5dz7mrTknmzmEP3A+fwDFe49G</latexit>⌘

[LÜST, MARKOU, MAZLOUMI, STIEBERGER ’21]

coupling of a massive open string state of mass m = 1/ α′￼

<latexit sha1_base64="LDigwGIWsMhfUpML2Ho2jBIWJHg=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqSSI14JUwcJYJPqQmlA5rtNatRNjO0hVlIWFX2FhACFW/oGNv8FtM0DLka50dM69uveeQDCqtON8W4W5+YXFpeJyaWV1bX3D3txqqDiRmNRxzGLZCpAijEakrqlmpCUkQTxgpBkMrkZ+84FIRePoVg8F8TnqRTSkGGkjdexdfpG62WHqqXupUw8x0Ud3npCUkyzr2GWn4owBZ4mbkzLIUevYX143xgknkcYMKdV2HaH9FElNMSNZyUsUEQgPUI+0DY0QJ8pPx19kcN8oXRjG0lSk4Vj9PZEirtSQB6aTI91X095I/M9rJzo891MaiUSTCE8WhQmDOoajSGCXSoI1GxqCsKTmVoj7SCKsTXAlE4I7/fIsaRxV3NPKyc1xuXqZx1EEO2APHAAXnIEquAY1UAcYPIJn8ArerCfrxXq3PiatBSuf2QZ/YH3+AE7hmR4=</latexit>

m = 1/
p
↵0(1)

[CAMANHO, EDELSTEIN, MALDACENA, ZHIBOEDOV ’14]

<latexit sha1_base64="O0FYPdxudGzJSjP8NgbQxod8iCw=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIvgqsyIr6UoqMsq1hY6tWTStA0mmSEPoQzziW668zvcuFA001bw0QshJ+fcQ3JPooQzbXz/xSvMzS8sLhWXSyura+sb5c2tex1bRWidxDxWzQhrypmkdcMMp81EUSwiThvR40WuN56o0iyWd2aY0LbAfcl6jGDjqE65f9tJQ2FDzfoCh9KGahBnocBmQDBPr7KHGaq2iaYGzXKiyx+GLD9MhU654lf9caH/IJiCCkyr1imPwm5MrKDSEI61bgV+YtopVoYRTrNSaDVNMHnEfdpyUGJBdTsdB5KhPcd0US9WbkmDxuxPR4qF1kMRuc58VP1Xy8lZWsua3mk7ZTKxhkoyuahnOTIxytNFXaYoMXzoACaKubciMsAKE+P+oORCCP6O/B/cH1SD4+rRzWHl7HwaRxF2YBf2IYATOINrqEEdCDzDK7zDhzfy3rzPgjdp/d5hG35VofQFLhS4jg==</latexit>

Rµ�⌫⇢Gµ�⌫⇢ � Rµ�⌫⇢F
µ�F ⌫⇢ <latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> ! tower of higher-spin fields<latexit sha1_base64="1qyryjw+VUpakaBVyJ3iVXbWVwg=">AAAB/HicdVBNS8NAEN34bf2K9uhlsQieQqJNbW+iF48VrAptKJvtJl3c7IbdiVJK/StePCji1R/izX/jtlZQ0QcDj/dmmJkX54Ib8P13Z2Z2bn5hcWm5tLK6tr7hbm5dGFVoylpUCaWvYmKY4JK1gINgV7lmJIsFu4yvT8b+5Q3Thit5DoOcRRlJJU84JWClrlvuCCVTwRLQPO0D0Vrddt2K7/m1WiOsYt8Lw4Og2rCk0aiHgY8Dz5+ggqZodt23Tk/RImMSqCDGtAM/h2hINHAq2KjUKQzLCb0mKWtbKknGTDScHD/Cu1bp4URpWxLwRP0+MSSZMYMstp0Zgb757Y3Fv7x2AUk9GnKZF8Ak/VyUFAKDwuMkcI9rRkEMLCFUc3srpn2iCQWbV8mG8PUp/p9c7HtBzQvPqpWj42kcS2gb7aA9FKBDdIROURO1EEUDdI8e0ZNz5zw4z87LZ+uMM50pox9wXj8ALYmVzA==</latexit> !(2)

<latexit sha1_base64="7S6Tbud2qmUwlC+nCzGSK6kxOwo=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8LbPRPI5BLx4jmAckS5idzCZDZmfXmVkhhPyEFw+KePV3vPk3ziYRVLSgoajqprsrSATXBuMPZ2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqBEQzwSVrGm4E6ySKkSgQrB2MrzK/fc+U5rG8NZOE+REZSh5ySoyVOj0e2S1M9wtF7HrVWrl0jrBbKWMPZwR7pRquIM/FcxRhiUa/8N4bxDSNmDRUEK27Hk6MPyXKcCrYLN9LNUsIHZMh61oqScS0P53fO0OnVhmgMFa2pEFz9fvElERaT6LAdkbEjPRvLxP/8rqpCWv+lMskNUzSxaIwFcjEKHseDbhi1IiJJYQqbm9FdEQUocZGlLchfH2K/ietkutV3PLNRbF+uYwjB8dwAmfgQRXqcA0NaAIFAQ/wBM/OnfPovDivi9YVZzlzBD/gvH0Cma+QXQ==</latexit>

=) Evidence for the string lamppost principle in  and with  SUSY  D = 4 𝒩 = 1<latexit sha1_base64="qsCcAOrfoHhGGZTJ30+21sHLU74=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnpitosQ1IPHiGaBZAg9nU7SpGehu0cIQz7BiwdFvPpF3vwbe5IIKvqg4PFeFVX1vEhwpTH+sDIrq2vrG9nN3Nb2zu5efv+gpcJYUtakoQhlxyOKCR6wpuZasE4kGfE9wdre5DL12/dMKh4Gd3oaMdcno4APOSXaSLdX56V+voBtp1orF88Qtitl7OCUYKdYwxXk2HiOAizR6Offe4OQxj4LNBVEqa6DI+0mRGpOBZvlerFiEaETMmJdQwPiM+Um81Nn6MQoAzQMpalAo7n6fSIhvlJT3zOdPtFj9dtLxb+8bqyHNTfhQRRrFtDFomEskA5R+jcacMmoFlNDCJXc3IromEhCtUknZ0L4+hT9T1pF26nY5ZtSoX6xjCMLR3AMp+BAFepwDQ1oAoURPMATPFvCerRerNdFa8ZazhzCD1hvn+TPjZE=</latexit>

D = 4
<latexit sha1_base64="97WWKtUUKEeRBafXU3uDIzNNDbc=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GpJqHxuh6MaVVLAPaIeSSdM2NJMZk0yhDP0ONy4UcevHuPNvzLQVVPRA4HDOvdyT40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTHDJGoYbwdqRYiTwBWv546vUb02Y0jyUd2YaMS8gQ8kHnBJjJa8bEDOiRCQ3swvcyxeQiyvVUvEMIrdcQhilBOFiFZUhdtEcBbBEvZd/7/ZDGgdMGiqI1h2MIuMlRBlOBZvlurFmEaFjMmQdSyUJmPaSeegZPLFKHw5CZZ80cK5+30hIoPU08O1kGlL/9lLxL68Tm0HVS7iMYsMkXRwaxAKaEKYNwD5XjBoxtYRQxW1WSEdEEWpsTzlbwtdP4f+kWXRx2S3dnhdql8s6suAIHINTgEEF1MA1qIMGoOAePIAn8OxMnEfnxXldjGac5c4h+AHn7RPVgZIq</latexit>

N = 1

[ADAMS, DEWOLFE, TAYLOR ’10] [KIM, TARAZI, VAFA ’19] [MONTERO, VAFA ’20] [BEDROYA, HAMADA, MONTERO, VAFA ’21]

potential violations of causality

The unique coupling & open string theory



The Kaluza–Klein coupling



SUGRA multiplet chiral multiplet tower of massive spin-2 
supermultiplets

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

<latexit sha1_base64="uGNgc7LlqzQM8rWsQaFY2gsRBfY=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNc707a7oxmVF+8B2HDJp2oZmMkOSKZShf+LGhSJu/RN3/o2ZtoKKHggczrmXe3L8iFGpbPvDyKysrq1vZDdzW9s7u3vm/kFLhrHApIlDFoqOjyRhlJOmooqRTiQICnxG2v74MvXbEyIkDfmtmkbEDdCQ0wHFSGnJM82be+esFyA18v3kbuYVPDNvW8ViybZL0LbKZadSrGhyXtNSFTqWPUceLNHwzPdeP8RxQLjCDEnZdexIuQkSimJGZrleLEmE8BgNSVdTjgIi3WSefAZPtNKHg1DoxxWcq983EhRIOQ18PZlmlL+9VPzL68ZqUHMTyqNYEY4XhwYxgyqEaQ2wTwXBik01QVhQnRXiERIIK11WTpfw9VP4P2kVLKdila9L+frFso4sOALH4BQ4oArq4Ao0QBNgMAEP4Ak8G4nxaLwYr4vRjLHcOQQ/YLx9AhnUk1o=</latexit>

S1/Z2
<latexit sha1_base64="HqG8C+yjR1j2lCoMfNfSwIGm32A="></latexit>

N = 2 �! N = 1

<latexit sha1_base64="FGSdRTSW/sICIWdDKAzuZgSXeT0="></latexit>X

n

{hµ⌫ ,�µ,�µ, Aµ}(n)
<latexit sha1_base64="mqTHboSKtRkQJkyiERq9fEDBHhQ=">AAACC3icbVDLSsNAFJ34rPUVdekmtAgupCTia1l047KCfUATwmQ6SYdOJmHmRiihezf+ihsXirj1B9z5N07aLLT1wIUz59zL3HuClDMFtv1tLC2vrK6tVzaqm1vbO7vm3n5HJZkktE0SnshegBXlTNA2MOC0l0qK44DTbjC6KfzuA5WKJeIexin1YhwJFjKCQUu+WXM5DcHNIz9348wV2eTETRXzi4dk0RDciW/W7YY9hbVInJLUUYmWb365g4RkMRVAOFaq79gpeDmWwAink6qbKZpiMsIR7WsqcEyVl09vmVhHWhlYYSJ1CbCm6u+JHMdKjeNAd8YYhmreK8T/vH4G4ZWXM5FmQAWZfRRm3ILEKoKxBkxSAnysCSaS6V0tMsQSE9DxVXUIzvzJi6Rz2nAuGud3Z/XmdRlHBR2iGjpGDrpETXSLWqiNCHpEz+gVvRlPxovxbnzMWpeMcuYA/YHx+QNbR5vm</latexit>

{gµ⌫ , µ}
<latexit sha1_base64="UmGQfakH82JCJ3p81AGhj1Sr3io=">AAAB/3icbVDJSgNBEO1xjXEbFbx4GQyCBwkz4nYMevEYIRtkhtDTqUma9Cx01whxzMFf8eJBEa/+hjf/xk4yB018UPB4r4qqen4iuELb/jYWFpeWV1YLa8X1jc2tbXNnt6HiVDKos1jEsuVTBYJHUEeOAlqJBBr6Apr+4GbsN+9BKh5HNRwm4IW0F/GAM4pa6pj7roAA3ax24j4AUlfyXh/dUccs2WV7AmueODkpkRzVjvnldmOWhhAhE1SptmMn6GVUImcCRkU3VZBQNqA9aGsa0RCUl03uH1lHWulaQSx1RWhN1N8TGQ2VGoa+7gwp9tWsNxb/89opBldexqMkRYjYdFGQCgtjaxyG1eUSGIqhJpRJrm+1WJ9KylBHVtQhOLMvz5PGadm5KJ/fnZUq13kcBXJADskxccglqZBbUiV1wsgjeSav5M14Ml6Md+Nj2rpg5DN75A+Mzx9UF5ZS</latexit>

{T, ⇣}

The Kaluza–Klein coupling

<latexit sha1_base64="Ywcyof7TRhtSj3PT+dr4ycZgl+c=">AAACFnicbVDLSsNAFJ34rPUVdekmWAQXtSTia9kqgptCBfuApg2T6aQdOnkwcyOUkK9w46+4caGIW3Hn3zhpu9DWAxcO59zLvfe4EWcSTPNbW1hcWl5Zza3l1zc2t7b1nd2GDGNBaJ2EPBQtF0vKWUDrwIDTViQo9l1Om+7wOvObD1RIFgb3MIpox8f9gHmMYFCSox/bnHpgJzdONUm7laJdk8ypdlnR9jEMCOZJJXWqtmD9AdipoxfMkjmGMU+sKSmgKWqO/mX3QhL7NADCsZRty4ygk2ABjHCa5u1Y0giTIe7TtqIB9qnsJOO3UuNQKT3DC4WqAIyx+nsiwb6UI99VndmxctbLxP+8dgzeZSdhQRQDDchkkRdzA0Ijy8joMUEJ8JEimAimbjXIAAtMQCWZVyFYsy/Pk8ZJyTovnd2dFspX0zhyaB8doCNkoQtURreohuqIoEf0jF7Rm/akvWjv2sekdUGbzuyhP9A+fwCB6Z+e</latexit>�
EM

A, i
M ,AM

 

- Kaluza–Klein reduction of 5D pure supergravity on the orbifold              :
<latexit sha1_base64="gwZ8f+HnZMBBpQiQ3aQys629W8c=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExlaTiNVawMBZBH6INkeM6rVXHiWynUhX1T1gYQIiVP2Hjb3DaDtByJEtH59yre3yChDOlHefbWlpeWV1bL2wUN7e2d3btvf2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPBTe43h1QqFosHPUqoF+GeYCEjWBvJt+37J/e0E2HdD4LscexXfLvklJ0J0CJxZ6QEM9R8+6vTjUkaUaEJx0q1XSfRXoalZoTTcbGTKppgMsA92jZU4IgqL5skH6Njo3RRGEvzhEYT9fdGhiOlRlFgJvOMat7Lxf+8dqrDKy9jIkk1FWR6KEw50jHKa0BdJinRfGQIJpKZrIj0scREm7KKpgR3/suLpFEpuxfl87uzUvV6VkcBDuEITsCFS6jCLdSgDgSG8Ayv8GZl1ov1bn1MR5es2c4B/IH1+QOzipMT</latexit>

S1/Z2



The Kaluza–Klein coupling

- Kaluza–Klein reduction <latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> ! Stückelberg organisation of the massive degrees of freedom

<latexit sha1_base64="NJ8ZJvNLrgVIckmMWavrq8TGNgw="></latexit>

hS
µ⌫ = gµ⌫ +

1

m
@(µB⌫) �

1

m2
@µ@⌫�  ! �Sgµ⌫ = @(µ⇠⌫), �SBµ = �m⇠µ + @µ⇤, �S� = m⇤ 5D gauge invariance

<latexit sha1_base64="pAtdIZIrCtePTU0fViwxs8OGRR8=">AAACHXicbVC7TsMwFHV4lvIKMLJEVEgMVZWg8hgLLIxFog+priLHdRqrjhPZN0hV1B9h4VdYGECIgQXxN7iPAVqOZOv43Ht0fU+QCq7Bdb+tpeWV1bX1wkZxc2t7Z9fe22/qJFOUNWgiEtUOiGaCS9YADoK1U8VIHAjWCgY343rrgSnNE3kPw5R1Y9KXPOSUgJF8u4oFCwHnkZ/jOMMyG5WxMPYe8c27jGnEJ+RqfGPF+xHgkW+X3Io7gbNIvBkpoRnqvv2JewnNYiaBCqJ1x3NT6OZEAaeCjYo40ywldED6rGOoJDHT3Xyy3cg5NkrPCRNljgRnov525CTWehgHpjMmEOn52lj8r9bJILzs5lymGTBJp4PCTDiQOOOonB5XjIIYGkKo4uavDo2IIhRMoEUTgje/8iJpnla888rZXbVUu57FUUCH6AidIA9doBq6RXXUQBQ9omf0it6sJ+vFerc+pq1L1sxzgP7A+voB8gajEw==</latexit>

{hµ⌫ ,�µ,�µ, Aµ} <latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> ! unitary gauge:
<latexit sha1_base64="n4OwHxjmIcMeCr5GEyrIWo3PtUE=">AAACDXicbVC7SgNBFJ31GeNr1dJmMCpWYVd8NYEQG8sI5gHZJcxOZpMhsw9n7ophyQ/Y+Cs2ForY2tv5N06SFTTxwIUz59zL3Hu8WHAFlvVlzM0vLC4t51byq2vrG5vm1nZdRYmkrEYjEcmmRxQTPGQ14CBYM5aMBJ5gDa9/OfIbd0wqHoU3MIiZG5BuyH1OCWipbe5X2k6QlCzs3Cakgx1g95A6h8Ofd9zjJattFqyiNQaeJXZGCihDtW1+Op2IJgELgQqiVMu2YnBTIoFTwYZ5J1EsJrRPuqylaUgCptx0fM0QH2ilg/1I6goBj9XfEykJlBoEnu4MCPTUtDcS//NaCfgXbsrDOAEW0slHfiIwRHgUDe5wySiIgSaESq53xbRHJKGgA8zrEOzpk2dJ/bhonxVPr08K5UoWRw7toj10hGx0jsroClVRDVH0gJ7QC3o1Ho1n4814n7TOGdnMDvoD4+MbioCanA==</latexit>

Bµ = 0 & � = 0

unitary gauge + massive SUSY <latexit sha1_base64="WB4P401nMdG0Mv+VG1aTIDhrtss=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6nfqtJ1SaxfLBjBMMBBlIFjFKjJXaXSbsFtS9csWrejO4y8TPSQVy1Hvlr24/pqlAaSgnWnd8LzFBRpRhlOOk1E01JoSOyAA7lkoiUAfZ7N6Je2KVvhvFypY07kz9PZERofVYhLZTEDPUi95U/M/rpCa6DjImk9SgpPNFUcpdE7vT590+U0gNH1tCqGL2VpcOiSLU2IhKNgR/8eVl0jyr+pfVi/vzSu0mj6MIR3AMp+DDFdTgDurQAAocnuEV3pxH58V5dz7mrQUnnzmEP3A+fwBFa5Aj</latexit>

=) deformation of the massless SUSY
<latexit sha1_base64="8qiBESfO6aXJt+/51fCzOoScbdo=">AAACH3icbVDLSgMxFM34rPVVdekmWAQXpcyIVjeFUjcuK9gHdIYhk962oZnMkGSEMvRP3PgrblwoIu76N6btLLT1XC4czrmX5J4g5kxp255aa+sbm1vbuZ387t7+wWHh6LilokRSaNKIR7ITEAWcCWhqpjl0YgkkDDi0g9HdzG8/gVQsEo96HIMXkoFgfUaJNpJfqLg94Jr4LsSK8Ujguu+GSdUuYbc0K7zsu/GQVW2/ULTL9hx4lTgZKaIMDb/w7fYimoQgNOVEqa5jx9pLidSMcpjk3URBTOiIDKBrqCAhKC+d3zfB50bp4X4kTQuN5+rvjZSESo3DwEyGRA/VsjcT//O6ie7feikTcaJB0MVD/YRjHeFZWLjHJFDNx4YQKpn5K6ZDIgnVJtK8CcFZPnmVtC7LTqV8/XBVrNWzOHLoFJ2hC+SgG1RD96iBmoiiZ/SK3tGH9WK9WZ/W12J0zcp2TtAfWNMf3h2hoQ==</latexit>

�✏Bµ = 0, �✏� = 0

the Kaluza–Klein coupling cannot be captured by 
the undeformed supercurrent superfield setup 

<latexit sha1_base64="7S6Tbud2qmUwlC+nCzGSK6kxOwo=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8LbPRPI5BLx4jmAckS5idzCZDZmfXmVkhhPyEFw+KePV3vPk3ziYRVLSgoajqprsrSATXBuMPZ2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqBEQzwSVrGm4E6ySKkSgQrB2MrzK/fc+U5rG8NZOE+REZSh5ySoyVOj0e2S1M9wtF7HrVWrl0jrBbKWMPZwR7pRquIM/FcxRhiUa/8N4bxDSNmDRUEK27Hk6MPyXKcCrYLN9LNUsIHZMh61oqScS0P53fO0OnVhmgMFa2pEFz9fvElERaT6LAdkbEjPRvLxP/8rqpCWv+lMskNUzSxaIwFcjEKHseDbhi1IiJJYQqbm9FdEQUocZGlLchfH2K/ietkutV3PLNRbF+uYwjB8dwAmfgQRXqcA0NaAIFAQ/wBM/OnfPovDivi9YVZzlzBD/gvH0Cma+QXQ==</latexit>

=)



Infinite distance paradigm
String oscillator Kaluza–Klein mode

- long multiplet in    SUSY 𝒩 ≥ 2
<latexit sha1_base64="6JNtl9DsHqkxiDCzOK1fFoIFIk0=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZLia1l040oq2Ac0oUymN+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW8WppNCiMY9lNyAKOBPQ0kxz6CYSSBRw6ATju9zvTEAqFosnPU3Aj8hQsJBRoo3Ut20vInpECc8eZt4QcL1vV52aMwdeJW5BqqhAs29/eYOYphEITTlRquc6ifYzIjWjHGYVL1WQEDomQ+gZKkgEys/myWf4zCgDHMbSPKHxXP29kZFIqWkUmMk8p1r2cvE/r5fq8MbPmEhSDYIuDoUpxzrGeQ14wCRQzaeGECqZyYrpiEhCtSmrYkpwl7+8Str1mntVu3y8qDZuizrK6ASdonPkomvUQPeoiVqIogl6Rq/ozcqsF+vd+liMlqxi5xj9gfX5Aw8uk0s=</latexit>

N � 2

<latexit sha1_base64="xYuGgtmb2A7gzJoInrz9WosrTAs=">AAAB+HicbVDJTsMwFHTKVsrSAEcuFhUSpypBbMcKLhyLoIvUhMpxndaq7URekErUL+HCAYS48inc+BucNgcojGRpNPOe3niilFGlPe/LKS0tr6yuldcrG5tb21V3Z7etEiMxaeGEJbIbIUUYFaSlqWakm0qCeMRIJxpf5X7ngUhFE3GnJykJORoKGlOMtJX6bjXgSI8wYtnt9D7gpu/WvLo3A/xL/ILUQIFm3/0MBgk2nAiNGVKq53upDjMkNcWMTCuBUSRFeIyGpGepQJyoMJsFn8JDqwxgnEj7hIYz9edGhrhSEx7ZyTymWvRy8T+vZ3R8EWZUpEYTgeeHYsOgTmDeAhxQSbBmE0sQltRmhXiEJMLadlWxJfiLX/5L2sd1/6x+enNSa1wWdZTBPjgAR8AH56ABrkETtAAGBjyBF/DqPDrPzpvzPh8tOcXOHvgF5+MbH3iTaA==</latexit>

Sµ [BOSSARD, GC, DUDAS, LOTY ’25]

<latexit sha1_base64="ylyeKTFuqC0Dhh1mAOxbOXwU9kQ=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NY0gyQhn6D25cKOLW/3Hn35i2s9DWA4HDOfeSe06UcGas7397hZXVtfWN4mZpa3tnd6+8f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPbqd96otowJR/sOKGhwAPJYkawdVJTdK1Cfq9c8av+DGiZBDmpQI56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDuOSiyoCbPZtRN04pQ+ipV2T1o0U39vZFgYMxaRmxTYDs2iNxX/8zqpja/DjMkktVSS+UdxypGLOI2O+kxTYvnYEUw0c7ciMsQaE+sKKrkSgsXIy6R5Vg0uqxf355XaTV5HEY7gGE4hgCuowR3UoQEEHuEZXuHNU96L9+59zEcLXr5zCH/gff4A9CmOvA==</latexit>

m ! 0- higher-spin tower becoming light for 

- unique coupling to gravity  

tensionless limit of the string

<latexit sha1_base64="ylyeKTFuqC0Dhh1mAOxbOXwU9kQ=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NY0gyQhn6D25cKOLW/3Hn35i2s9DWA4HDOfeSe06UcGas7397hZXVtfWN4mZpa3tnd6+8f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPbqd96otowJR/sOKGhwAPJYkawdVJTdK1Cfq9c8av+DGiZBDmpQI56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDuOSiyoCbPZtRN04pQ+ipV2T1o0U39vZFgYMxaRmxTYDs2iNxX/8zqpja/DjMkktVSS+UdxypGLOI2O+kxTYvnYEUw0c7ciMsQaE+sKKrkSgsXIy6R5Vg0uqxf355XaTV5HEY7gGE4hgCuowR3UoQEEHuEZXuHNU96L9+59zEcLXr5zCH/gff4A9CmOvA==</latexit>

m ! 0- massive spin-2 tower becoming light for 

- KK coupling to gravity  

decompactification limit

- 1/2-BPS short multiplet in    SUSY 𝒩 ≥ 2
<latexit sha1_base64="6JNtl9DsHqkxiDCzOK1fFoIFIk0=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZLia1l040oq2Ac0oUymN+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW8WppNCiMY9lNyAKOBPQ0kxz6CYSSBRw6ATju9zvTEAqFosnPU3Aj8hQsJBRoo3Ut20vInpECc8eZt4QcL1vV52aMwdeJW5BqqhAs29/eYOYphEITTlRquc6ifYzIjWjHGYVL1WQEDomQ+gZKkgEys/myWf4zCgDHMbSPKHxXP29kZFIqWkUmMk8p1r2cvE/r5fq8MbPmEhSDYIuDoUpxzrGeQ14wCRQzaeGECqZyYrpiEhCtSmrYkpwl7+8Str1mntVu3y8qDZuizrK6ASdonPkomvUQPeoiVqIogl6Rq/ozcqsF+vd+liMlqxi5xj9gfX5Aw8uk0s=</latexit>

N � 2

deformation expected to be unique

realisation of the infinite distance paradigm of the swampland program<latexit sha1_base64="7S6Tbud2qmUwlC+nCzGSK6kxOwo=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8LbPRPI5BLx4jmAckS5idzCZDZmfXmVkhhPyEFw+KePV3vPk3ziYRVLSgoajqprsrSATXBuMPZ2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqBEQzwSVrGm4E6ySKkSgQrB2MrzK/fc+U5rG8NZOE+REZSh5ySoyVOj0e2S1M9wtF7HrVWrl0jrBbKWMPZwR7pRquIM/FcxRhiUa/8N4bxDSNmDRUEK27Hk6MPyXKcCrYLN9LNUsIHZMh61oqScS0P53fO0OnVhmgMFa2pEFz9fvElERaT6LAdkbEjPRvLxP/8rqpCWv+lMskNUzSxaIwFcjEKHseDbhi1IiJJYQqbm9FdEQUocZGlLchfH2K/ietkutV3PLNRbF+uYwjB8dwAmfgQRXqcA0NaAIFAQ/wBM/OnfPovDivi9YVZzlzBD/gvH0Cma+QXQ==</latexit>

=)
[OOGURI, VAFA ’06] [GRIMM, PALTI, VALENZUELA ’18] [LEE, LERCHE, WEIGAND ’19]



Conclusions & future directions

Future directions:

The coupling of to undeformed  SUGRA is unique 
<latexit sha1_base64="UvSym/p5YdCmFKkbL4M14ZOmYHc="></latexit>

{hµ⌫ ,�µ,�µ, Aµ}
<latexit sha1_base64="Dvgr8m///3GKNKa7OJSat9+ymD4=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgogyZ2temUNSFK6lga6FTSiZN29DMgyQjDEP9FTcuFHHrh7jzb8y0FVT0QOBwzr3ck+OGnEmF0IeRWVldW9/Ibua2tnd298z9g44MIkFomwQ8EF0XS8qZT9uKKU67oaDYczm9dafnqX97R4VkgX+j4pD2PTz22YgRrLQ0MPMXjXLRKToeVhOCeXI1a9gDs4Asu1avlE4hsqoVZKOUILtUR1VoW2iOAliiNTDfnWFAIo/6inAsZc9GoeonWChGOJ3lnEjSEJMpHtOepj72qOwn8/AzeKyVIRwFQj9fwbn6fSPBnpSx5+rJNKT87aXiX14vUqN6P2F+GCnqk8WhUcShCmDaBBwyQYnisSaYCKazQjLBAhOl+8rpEr5+Cv8nnZJlV63KdbnQPFvWkQWH4AicABvUQBNcghZoAwJi8ACewLNxbzwaL8brYjRjLHfy4AeMt09lBZQA</latexit>

D = 4, N = 1

<latexit sha1_base64="TF3oQf81T54ypt0dsa9bSGeXmn4=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGvXiMYB6QLGF2MtkMmZ1ZZnqVuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7wkRwA5737RRWVtfWN4qbpa3tnd2yu7ffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLRzdRvPTBtuJL3ME5YEJNI8gGnBKzUc8tdoWSkeTQEorV67LkVr+rNgJeJn5MKylHvuV/dvqJpzCRQQYzp+F4CQUY0cCrYpNRNDUsIHZGIdSyVJGYmyGaHT/CxVfp4oLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif10lhcBVkXCYpMEnniwapwKDwNAXc55pREGNLCNXc3orpkGhCwWZVsiH4iy8vk+Zp1b+ont+dVWrXeRxFdIiO0Any0SWqoVtURw1EUYqe0St6c56cF+fd+Zi3Fpx85gD9gfP5A3V4k6A=</latexit>�!

causality violation?

• extend the improvement analysis to higher-derivative orders (e.g. 6-derivatives) 

• prove that the KK is (not) the only deformed coupling

• extension to a fully non-linear lagrangian
<latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> ! propagation of ghosts?

• similar analysis for higher-spin supermultiplet 
<latexit sha1_base64="vQHG6OwZ/PAxtLHwcxseNOWz5Zw=">AAACJnicbVDLSsNAFJ3UV62vqEs3wSK0oCUpvjZC1Y3LCvYBTSmT6aQZOnkwcyOUkK9x46+4cVERceenOGmLaOuFgXPOvYc79zgRZxJM81PLLS2vrK7l1wsbm1vbO/ruXlOGsSC0QUIeiraDJeUsoA1gwGk7EhT7DqctZ3ib9VuPVEgWBg8wimjXx4OAuYxgUFJPv7I5dcFOvF5SkuX02ObK28cZO7EyTjz2Q64nqFpObcEGHthpTy+aFXNSxiKwZqCIZlXv6WO7H5LYpwEQjqXsWGYE3QQLYITTtGDHkkaYDPGAdhQMsE9lN5mcmRpHSukbbijUC8CYqL8dCfalHPmOmvQxeHK+l4n/9ToxuJfdhAVRDDQg00VuzA0IjSwzo88EJcBHCmAimPqrQTwsMAGVbEGFYM2fvAia1Yp1Xjm7Py3WbmZx5NEBOkQlZKELVEN3qI4aiKAn9ILG6E171l61d+1jOprTZp599Ke0r28NEKRJ</latexit>�
h(s),�(s�1),�(s�1), A(s�2)

 



Thank you!



Non diff-invariant improvements
<latexit sha1_base64="NzEkRM8RR95cwwpd6NJN9pNAn8Y="></latexit>
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<latexit sha1_base64="Vxl13vbKdz3LWcTJHAatnI5S844="></latexit>
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<latexit sha1_base64="rFuPeXvHyNgw+H+B7HfyUcf9KLI="></latexit>
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Non-minimal coupling to the Riemann tensor
<latexit sha1_base64="5UyCw9QBTj9zE1qzYtRrw9r+rOA="></latexit>
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<latexit sha1_base64="gwZ8f+HnZMBBpQiQ3aQys629W8c=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExlaTiNVawMBZBH6INkeM6rVXHiWynUhX1T1gYQIiVP2Hjb3DaDtByJEtH59yre3yChDOlHefbWlpeWV1bL2wUN7e2d3btvf2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPBTe43h1QqFosHPUqoF+GeYCEjWBvJt+37J/e0E2HdD4LscexXfLvklJ0J0CJxZ6QEM9R8+6vTjUkaUaEJx0q1XSfRXoalZoTTcbGTKppgMsA92jZU4IgqL5skH6Njo3RRGEvzhEYT9fdGhiOlRlFgJvOMat7Lxf+8dqrDKy9jIkk1FWR6KEw50jHKa0BdJinRfGQIJpKZrIj0scREm7KKpgR3/suLpFEpuxfl87uzUvV6VkcBDuEITsCFS6jCLdSgDgSG8Ayv8GZl1ov1bn1MR5es2c4B/IH1+QOzipMT</latexit>

S1/Z2

1) 5D supergravity algebra: [GÜNAYDIN, SIERRA, TOWNSEND ’83]  [CERESOLE, DALL’AGATA ’00]

The Kaluza–Klein reduction

- 5D pure supergravity on the orbifold              :

<latexit sha1_base64="O2HxnIBHcS9lzulKc7SPUZuAnmc="></latexit>
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<latexit sha1_base64="gwZ8f+HnZMBBpQiQ3aQys629W8c=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExlaTiNVawMBZBH6INkeM6rVXHiWynUhX1T1gYQIiVP2Hjb3DaDtByJEtH59yre3yChDOlHefbWlpeWV1bL2wUN7e2d3btvf2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPBTe43h1QqFosHPUqoF+GeYCEjWBvJt+37J/e0E2HdD4LscexXfLvklJ0J0CJxZ6QEM9R8+6vTjUkaUaEJx0q1XSfRXoalZoTTcbGTKppgMsA92jZU4IgqL5skH6Njo3RRGEvzhEYT9fdGhiOlRlFgJvOMat7Lxf+8dqrDKy9jIkk1FWR6KEw50jHKa0BdJinRfGQIJpKZrIj0scREm7KKpgR3/suLpFEpuxfl87uzUvV6VkcBDuEITsCFS6jCLdSgDgSG8Ayv8GZl1ov1bn1MR5es2c4B/IH1+QOzipMT</latexit>

S1/Z2

1) 5D supergravity algebra

2) compactification ansatz: 

[GÜNAYDIN, SIERRA, TOWNSEND ’83]  [CERESOLE, DALL’AGATA ’00]

- 5D pure supergravity on the orbifold              :

<latexit sha1_base64="bsZPRSc1QF4rzT26VyxpY9Ux9z0="></latexit>
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The Kaluza–Klein reduction



<latexit sha1_base64="gwZ8f+HnZMBBpQiQ3aQys629W8c=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExlaTiNVawMBZBH6INkeM6rVXHiWynUhX1T1gYQIiVP2Hjb3DaDtByJEtH59yre3yChDOlHefbWlpeWV1bL2wUN7e2d3btvf2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPBTe43h1QqFosHPUqoF+GeYCEjWBvJt+37J/e0E2HdD4LscexXfLvklJ0J0CJxZ6QEM9R8+6vTjUkaUaEJx0q1XSfRXoalZoTTcbGTKppgMsA92jZU4IgqL5skH6Njo3RRGEvzhEYT9fdGhiOlRlFgJvOMat7Lxf+8dqrDKy9jIkk1FWR6KEw50jHKa0BdJinRfGQIJpKZrIj0scREm7KKpgR3/suLpFEpuxfl87uzUvV6VkcBDuEITsCFS6jCLdSgDgSG8Ayv8GZl1ov1bn1MR5es2c4B/IH1+QOzipMT</latexit>

S1/Z2

1) 5D supergravity algebra

2) compactification ansatz 

3) mode decomposition of the fields along.             :
<latexit sha1_base64="gwZ8f+HnZMBBpQiQ3aQys629W8c=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExlaTiNVawMBZBH6INkeM6rVXHiWynUhX1T1gYQIiVP2Hjb3DaDtByJEtH59yre3yChDOlHefbWlpeWV1bL2wUN7e2d3btvf2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPBTe43h1QqFosHPUqoF+GeYCEjWBvJt+37J/e0E2HdD4LscexXfLvklJ0J0CJxZ6QEM9R8+6vTjUkaUaEJx0q1XSfRXoalZoTTcbGTKppgMsA92jZU4IgqL5skH6Njo3RRGEvzhEYT9fdGhiOlRlFgJvOMat7Lxf+8dqrDKy9jIkk1FWR6KEw50jHKa0BdJinRfGQIJpKZrIj0scREm7KKpgR3/suLpFEpuxfl87uzUvV6VkcBDuEITsCFS6jCLdSgDgSG8Ayv8GZl1ov1bn1MR5es2c4B/IH1+QOzipMT</latexit>

S1/Z2

[GÜNAYDIN, SIERRA, TOWNSEND ’83]  [CERESOLE, DALL’AGATA ’00]

- 5D pure supergravity on the orbifold              :

<latexit sha1_base64="+duqsBP7TO/xzb3a+IlWqmEDlaE="></latexit>
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1X
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⌘ <latexit sha1_base64="5Ll4Rz8dFATBylT3zz0uvOzkiis="></latexit>
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1X

n=1

an(x) cos
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⌘

The Kaluza–Klein reduction



<latexit sha1_base64="gwZ8f+HnZMBBpQiQ3aQys629W8c=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExlaTiNVawMBZBH6INkeM6rVXHiWynUhX1T1gYQIiVP2Hjb3DaDtByJEtH59yre3yChDOlHefbWlpeWV1bL2wUN7e2d3btvf2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPBTe43h1QqFosHPUqoF+GeYCEjWBvJt+37J/e0E2HdD4LscexXfLvklJ0J0CJxZ6QEM9R8+6vTjUkaUaEJx0q1XSfRXoalZoTTcbGTKppgMsA92jZU4IgqL5skH6Njo3RRGEvzhEYT9fdGhiOlRlFgJvOMat7Lxf+8dqrDKy9jIkk1FWR6KEw50jHKa0BdJinRfGQIJpKZrIj0scREm7KKpgR3/suLpFEpuxfl87uzUvV6VkcBDuEITsCFS6jCLdSgDgSG8Ayv8GZl1ov1bn1MR5es2c4B/IH1+QOzipMT</latexit>

S1/Z2

1) 5D supergravity algebra

2) compactification ansatz 

4) Stückelberg organisation of the massive degrees of freedom:

3) mode decomposition of the fields along  S1/Z2 
<latexit sha1_base64="gwZ8f+HnZMBBpQiQ3aQys629W8c=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExlaTiNVawMBZBH6INkeM6rVXHiWynUhX1T1gYQIiVP2Hjb3DaDtByJEtH59yre3yChDOlHefbWlpeWV1bL2wUN7e2d3btvf2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPBTe43h1QqFosHPUqoF+GeYCEjWBvJt+37J/e0E2HdD4LscexXfLvklJ0J0CJxZ6QEM9R8+6vTjUkaUaEJx0q1XSfRXoalZoTTcbGTKppgMsA92jZU4IgqL5skH6Njo3RRGEvzhEYT9fdGhiOlRlFgJvOMat7Lxf+8dqrDKy9jIkk1FWR6KEw50jHKa0BdJinRfGQIJpKZrIj0scREm7KKpgR3/suLpFEpuxfl87uzUvV6VkcBDuEITsCFS6jCLdSgDgSG8Ayv8GZl1ov1bn1MR5es2c4B/IH1+QOzipMT</latexit>

S1/Z2

[GÜNAYDIN, SIERRA, TOWNSEND ’83]  [CERESOLE, DALL’AGATA ’00]

<latexit sha1_base64="SmqOmHlt+YcVyXWkiYLTKUNW95w=">AAACGXicbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IBRbGIuhFakrluE5r1U4i+wRRRXkNFl6FhQGEGGHibXDaDtDyS5Z+fecc2+f3IsE12Pa3NTM7N7+wmFvKL6+srq0XNjZrOowVZVUailA1PKKZ4AGrAgfBGpFiRHqC1b3+ZVav3zOleRjcwiBiLUm6Afc5JWBQu2Cft10Z37nAHiCOkpv0bAj2XV8RmjhpIlM3Igo4ERnHpF0o2iV7KDxtnLEporEq7cKn2wlpLFkAVBCtm44dQSvJ7qSCpXk31iwitE+6rGlsQCTTrWS4WYp3DelgP1TmBICH9PdEQqTWA+mZTkmgpydrGfyv1ozBP20lPIhiYAEdPeTHAkOIs5hwhytGQQyMIVRx81dMe8RkAibMvAnBmVx52tQOSs5x6ej6sFi+GMeRQ9toB+0hB52gMrpCFVRFFD2iZ/SK3qwn68V6tz5GrTPWeGYL/ZH19QOnZqFX</latexit>

AS
µ = Aµ � 1

m
@µa

<latexit sha1_base64="hw7IegbrJzrv/tN76U3jxvupy+o=">AAACBHicbVDJSgNBEO1xjXGLesxlMAiewoy4XYSgF48RzAKZEGp6Kkljz0J3jRiGHLz4K148KOLVj/Dm39hZDpr4oODxXlV31fMTKTQ5zre1sLi0vLKaW8uvb2xubRd2dus6ThXHGo9lrJo+aJQiwhoJkthMFELoS2z4d1cjv3GPSos4uqVBgu0QepHoCg5kpE6h6AUoCToe4QOlSaaHcBF60jwQQKdQcsrOGPY8caekxKaodgpfXhDzNMSIuAStW66TUDsDRYJLHOa9VGMC/A562DI0ghB1OxsfMbQPjBLY3ViZisgeq78nMgi1HoS+6QyB+nrWG4n/ea2UuuftTERJShjxyUfdVNoU26NE7EAo5CQHhgBXwuxq8z4o4GRyy5sQ3NmT50n9qOyelk9ujkuVy2kcOVZk++yQueyMVdg1q7Ia4+yRPbNX9mY9WS/Wu/UxaV2wpjN77A+szx+odZjB</latexit>

�sa = m�
<latexit sha1_base64="471D2xQETUdh2f1f9Yr/9grbBMM=">AAACFHicbVDJSgNBEO1xN25Rj14agyAIYUbcLoLLxWMEo0ImDDU9FW3sWeiuEcOQj/Dir3jxoIhXD978G3uSHNweNLx+r6q664WZkoZc99MZGR0bn5icmq7MzM7NL1QXl85NmmuBTZGqVF+GYFDJBJskSeFlphHiUOFFeHNc+he3qI1MkzPqZtiO4SqRHSmArBRUN/wIFUHgE95RnhWmdxj4cb7vZ6BJgiov3Fd2YARBtebW3T74X+INSY0N0QiqH36UijzGhIQCY1qem1G7KCcLhb2KnxvMQNzAFbYsTSBG0y76S/X4mlUi3km1PQnxvvq9o4DYmG4c2soY6Nr89krxP6+VU2evXcgkywkTMXiokytOKS8T4pHUKEh1LQGhpf0rF9egQZDNsWJD8H6v/Jecb9a9nfr26Vbt4GgYxxRbYatsnXlslx2wE9ZgTSbYPXtkz+zFeXCenFfnbVA64gx7ltkPOO9fFBqfdw==</latexit>

�sAµ = @µ�
<latexit sha1_base64="hPMH+QdNU8xhLv46G6VfoADtO0o=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy6cVnBPqANZTKdpEMnM2HmRgmh/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZBtf9tkorq2vrG+XNytb2zu6evX/Q1jJVhLaI5FJ1A6wpZ4K2gAGn3URRHAecdoLxzdTvPFClmRT3kCXUj3EkWMgIBiMN7GqfSxFxGoJi0QiwUvJxYNfcujuDs0y8gtRQgebA/uoPJUljKoBwrHXPcxPwc6yAEU4nlX6qaYLJGEe0Z6jAMdV+Pjt+4hwbZeiEUpkS4MzU3xM5jrXO4sB0xhhGetGbiv95vRTCKz9nIkmBCjJfFKbcAelMk3CGTFECPDMEE8XMrQ4ZYYUJmLwqJgRv8eVl0j6texf187uzWuO6iKOMDtEROkEeukQNdIuaqIUIytAzekVv1pP1Yr1bH/PWklXMVNEfWJ8/rKuVcw==</latexit> ! &

- 5D pure supergravity on the orbifold              :

The Kaluza–Klein reduction



Stückelberg combinations

<latexit sha1_base64="dIZ5QC/uMVoygdlGkFygyN31zTI="></latexit>
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