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Stuff happens
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Key object for collider experiments

Stuff happens

Surprisingly simple!
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As
3 = x2h21i2s

Arkani-Hamed, Huang, Huang ‘17

https://link.springer.com/article/10.1007/JHEP11(2021)070
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e.g. Adler ‘65

https://link.springer.com/article/10.1007/JHEP11(2021)070
https://journals.aps.org/pr/abstract/10.1103/PhysRev.137.B1022
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Scattering Amplitudes
Surprising simplicity!
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Honerkamp, Meetz, … ‘70s

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.3.1996
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Feynman diagrams
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Scattering Amplitudes
Universal relations!

Geometric soft theorem
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Cheung, AH, Parra-Martinez ‘21

https://link.springer.com/article/10.1007/JHEP04(2022)011
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Britto, Cachazo, Feng, Witten ‘05
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https://arxiv.org/abs/1509.03309
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.181602
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Scattering Amplitudes
Hidden structure!

Yang-Mills theory
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https://arxiv.org/abs/0805.3993
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https://arxiv.org/abs/0805.3993
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cs + ct + cu = 0
<latexit sha1_base64="Dwus4RYDrgYvh2Yt/p9SGU+4reg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJSHUjFN24rGAf0IYwmU7boZNJmLkRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BLHgGhzn2yosLa+srhXXSxubW9s79u5eU0eJoqxBIxGpdkA0E1yyBnAQrB0rRsJAsFYwupn4rQemNI/kPYxj5oVkIHmfUwJG8u0D6ac6w6fYVMhrkuEr7Ph22ak4U+BF4uakjHLUffur24toEjIJVBCtO64Tg5cSBZwKlpW6iWYxoSMyYB1DJQmZ9tLpCRk+NkoP9yNlngQ8VX9PpCTUehwGpjMkMNTz3kT8z+sk0L/0Ui7jBJiks0X9RGCI8CQP3OOKURBjQwhV3PwV0yFRhIJJrWRCcOdPXiTNs4pbrVTvzsu16zyOIjpER+gEuegC1dAtqqMGougRPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wf0ZZXe</latexit>

ns + nt + nu = 0

Kinematic ‘Jacobi identity’

<latexit sha1_base64="qKZpNx4LaWk7BuqE5IBQb444Lac="></latexit>

�2ns = [(✏1 · ✏2)pµ1 + 2(✏1 · p2)✏µ2 � (1 $ 2)] [(✏3 · ✏4)pµ3 + 2(✏3 · p4)✏µ4 � (3 $ 4)]

+ s [(✏1 · ✏3)(✏2 · ✏4)� (✏1 · ✏4)(✏2 · ✏3)]

Bern, Carrasco, Johansson ’08

https://arxiv.org/abs/0805.3993


Scattering Amplitudes
Hidden structure!

Yang-Mills theory

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

<latexit sha1_base64="Xma0MR7UF0w+ToGqRb/gIS800jk=">AAACDHicbVDLSsNAFJ3UV62vqks3g6XgqiS1VDdC0Y3LCvYBbQg300k7dPJgZiKUkA9w46+4caGIWz/AnX/jpM1CWw9cOHPOvcy9x404k8o0v43C2vrG5lZxu7Szu7d/UD486sowFoR2SMhD0XdBUs4C2lFMcdqPBAXf5bTnTm8yv/dAhWRhcK9mEbV9GAfMYwSUlpxyhTiJTPEV9pwEHAuDU8dumr1czc91NVLdZdbMOfAqsXJSQTnaTvlrOApJ7NNAEQ5SDiwzUnYCQjHCaVoaxpJGQKYwpgNNA/CptJP5MSmuamWEvVDoChSeq78nEvClnPl6yaoPaiKXvUz8zxvEyru0ExZEsaIBWXzkxRyrEGfJ4BETlCg+0wSIYHpXTCYggCidX0mHYC2fvEq69ZrVrDXvGpXWdR5HEZ2gU3SGLHSBWugWtVEHEfSIntErejOejBfj3fhYtBaMfOYY/YHx+QOH5Zlm</latexit>

cs = fa1a2bfba3a4

Color factor

Jacobi identity
<latexit sha1_base64="QVqLlsWo/4KBvmdZWEapZ8CvxGo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIglASkepGKLpxWcE+oA1hMp22QyeTMDMRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0c3Ebz1QqVgk7vU4pl6IB4L1GcHaSL59QPxUZegUmarzmmToCjm+XXYqzhRokbg5KUOOum9/dXsRSUIqNOFYqY7rxNpLsdSMcJqVuomiMSYjPKAdQwUOqfLS6QkZOjZKD/UjaZ7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+pZcyESeaCjJb1E840hGa5IF6TFKi+dgQTCQzf0VkiCUm2qRWMiG48ycvkuZZxa1Wqnfn5dp1HkcRDuEITsCFC6jBLdShAQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wfAUZW9</latexit>

cs + ct + cu = 0
<latexit sha1_base64="Dwus4RYDrgYvh2Yt/p9SGU+4reg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJSHUjFN24rGAf0IYwmU7boZNJmLkRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BLHgGhzn2yosLa+srhXXSxubW9s79u5eU0eJoqxBIxGpdkA0E1yyBnAQrB0rRsJAsFYwupn4rQemNI/kPYxj5oVkIHmfUwJG8u0D6ac6w6fYVMhrkuEr7Ph22ak4U+BF4uakjHLUffur24toEjIJVBCtO64Tg5cSBZwKlpW6iWYxoSMyYB1DJQmZ9tLpCRk+NkoP9yNlngQ8VX9PpCTUehwGpjMkMNTz3kT8z+sk0L/0Ui7jBJiks0X9RGCI8CQP3OOKURBjQwhV3PwV0yFRhIJJrWRCcOdPXiTNs4pbrVTvzsu16zyOIjpER+gEuegC1dAtqqMGougRPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wf0ZZXe</latexit>

ns + nt + nu = 0

Kinematic ‘Jacobi identity’

Gravity

<latexit sha1_base64="jDrjAzIFPMLdfHc0y06OZGfWa4I=">AAACL3icbZDLSsNAFIYnXmu9VV26GSyCIJREpLoRioK4ESrYC7Q1TKaTdnAyCTMnQgl5Ize+Sjciirj1LZy0RWrrDwM/3zmHM+f3IsE12PabtbC4tLyymlvLr29sbm0XdnbrOowVZTUailA1PaKZ4JLVgINgzUgxEniCNbzHq6zeeGJK81DewyBinYD0JPc5JWCQW7huBwT6lIjkNnWT0xRf4LavCE2kqx9O0kSn+PiXQEZgmsQZiVPsFop2yR4JzxtnYopooqpbGLa7IY0DJoEKonXLsSPoJEQBp4Kl+XasWUToI+mxlrGSBEx3ktG9KT40pIv9UJknAY/o9ERCAq0HgWc6s+v0bC2D/9VaMfjnnYTLKAYm6XiRHwsMIc7Cw12uGAUxMIZQxc1fMe0TEwWYiPMmBGf25HlTPyk55VL57rRYuZzEkUP76AAdIQedoQq6QVVUQxQ9oyF6Rx/Wi/VqfVpf49YFazKzh/7I+v4BpIypcg==</latexit>

M4 =
n2
s

s
+

n2
t

t
+

n2
u

u

Bern, Carrasco, Johansson ’08

https://arxiv.org/abs/0805.3993


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (symmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

Bern et.al. ‘19

http://www.arxiv.org/abs/1909.01358


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (symmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

<latexit sha1_base64="Xma0MR7UF0w+ToGqRb/gIS800jk=">AAACDHicbVDLSsNAFJ3UV62vqks3g6XgqiS1VDdC0Y3LCvYBbQg300k7dPJgZiKUkA9w46+4caGIWz/AnX/jpM1CWw9cOHPOvcy9x404k8o0v43C2vrG5lZxu7Szu7d/UD486sowFoR2SMhD0XdBUs4C2lFMcdqPBAXf5bTnTm8yv/dAhWRhcK9mEbV9GAfMYwSUlpxyhTiJTPEV9pwEHAuDU8dumr1czc91NVLdZdbMOfAqsXJSQTnaTvlrOApJ7NNAEQ5SDiwzUnYCQjHCaVoaxpJGQKYwpgNNA/CptJP5MSmuamWEvVDoChSeq78nEvClnPl6yaoPaiKXvUz8zxvEyru0ExZEsaIBWXzkxRyrEGfJ4BETlCg+0wSIYHpXTCYggCidX0mHYC2fvEq69ZrVrDXvGpXWdR5HEZ2gU3SGLHSBWugWtVEHEfSIntErejOejBfj3fhYtBaMfOYY/YHx+QOH5Zlm</latexit>

cs = fa1a2bfba3a4

Color factor

Jacobi identity
<latexit sha1_base64="QVqLlsWo/4KBvmdZWEapZ8CvxGo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIglASkepGKLpxWcE+oA1hMp22QyeTMDMRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0c3Ebz1QqVgk7vU4pl6IB4L1GcHaSL59QPxUZegUmarzmmToCjm+XXYqzhRokbg5KUOOum9/dXsRSUIqNOFYqY7rxNpLsdSMcJqVuomiMSYjPKAdQwUOqfLS6QkZOjZKD/UjaZ7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+pZcyESeaCjJb1E840hGa5IF6TFKi+dgQTCQzf0VkiCUm2qRWMiG48ycvkuZZxa1Wqnfn5dp1HkcRDuEITsCFC6jBLdShAQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wfAUZW9</latexit>

cs + ct + cu = 0
Bern et.al. ‘19

http://www.arxiv.org/abs/1909.01358


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (symmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

<latexit sha1_base64="Xma0MR7UF0w+ToGqRb/gIS800jk=">AAACDHicbVDLSsNAFJ3UV62vqks3g6XgqiS1VDdC0Y3LCvYBbQg300k7dPJgZiKUkA9w46+4caGIWz/AnX/jpM1CWw9cOHPOvcy9x404k8o0v43C2vrG5lZxu7Szu7d/UD486sowFoR2SMhD0XdBUs4C2lFMcdqPBAXf5bTnTm8yv/dAhWRhcK9mEbV9GAfMYwSUlpxyhTiJTPEV9pwEHAuDU8dumr1czc91NVLdZdbMOfAqsXJSQTnaTvlrOApJ7NNAEQ5SDiwzUnYCQjHCaVoaxpJGQKYwpgNNA/CptJP5MSmuamWEvVDoChSeq78nEvClnPl6yaoPaiKXvUz8zxvEyru0ExZEsaIBWXzkxRyrEGfJ4BETlCg+0wSIYHpXTCYggCidX0mHYC2fvEq69ZrVrDXvGpXWdR5HEZ2gU3SGLHSBWugWtVEHEfSIntErejOejBfj3fhYtBaMfOYY/YHx+QOH5Zlm</latexit>

cs = fa1a2bfba3a4

Color factor

Jacobi identity
<latexit sha1_base64="QVqLlsWo/4KBvmdZWEapZ8CvxGo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIglASkepGKLpxWcE+oA1hMp22QyeTMDMRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0c3Ebz1QqVgk7vU4pl6IB4L1GcHaSL59QPxUZegUmarzmmToCjm+XXYqzhRokbg5KUOOum9/dXsRSUIqNOFYqY7rxNpLsdSMcJqVuomiMSYjPKAdQwUOqfLS6QkZOjZKD/UjaZ7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+pZcyESeaCjJb1E840hGa5IF6TFKi+dgQTCQzf0VkiCUm2qRWMiG48ycvkuZZxa1Wqnfn5dp1HkcRDuEITsCFC6jBLdShAQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wfAUZW9</latexit>

cs + ct + cu = 0
<latexit sha1_base64="Dwus4RYDrgYvh2Yt/p9SGU+4reg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJSHUjFN24rGAf0IYwmU7boZNJmLkRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BLHgGhzn2yosLa+srhXXSxubW9s79u5eU0eJoqxBIxGpdkA0E1yyBnAQrB0rRsJAsFYwupn4rQemNI/kPYxj5oVkIHmfUwJG8u0D6ac6w6fYVMhrkuEr7Ph22ak4U+BF4uakjHLUffur24toEjIJVBCtO64Tg5cSBZwKlpW6iWYxoSMyYB1DJQmZ9tLpCRk+NkoP9yNlngQ8VX9PpCTUehwGpjMkMNTz3kT8z+sk0L/0Ui7jBJiks0X9RGCI8CQP3OOKURBjQwhV3PwV0yFRhIJJrWRCcOdPXiTNs4pbrVTvzsu16zyOIjpER+gEuegC1dAtqqMGougRPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wf0ZZXe</latexit>

ns + nt + nu = 0

Kinematic ‘Jacobi identity’

<latexit sha1_base64="IlftjN1/XtFwIwRbJnJHViDCdPY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVoSRRqhuh6MZlBfuANoTJdNIOnUzCzEQoIVs3/oobF4q49Q/c+TdO2iy09cDlHs65l5l7/JhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88U3udx6IkDTi92oSEzdEQ04DipHSkmdC7kl4BaWX2k4Gq0U/hU4uOWfZiWdWrJo1BVwkdkEqoEDTM7/6gwgnIeEKMyRlz7Zi5aZIKIoZycr9RJIY4TEakp6mHIVEuun0kgwea2UAg0jo4gpO1d8bKQqlnIS+ngyRGsl5Lxf/83qJCi7dlPI4UYTj2UNBwqCKYB4LHFBBsGITTRAWVP8V4hESCCsdXlmHYM+fvEjaTs2u1+p355XGdRFHCRyCI1AFNrgADXALmqAFMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QMVc5dq</latexit>

ns = s12(s12 + 2s23)

Bern et.al. ‘19

http://www.arxiv.org/abs/1909.01358


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (symmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

<latexit sha1_base64="Xma0MR7UF0w+ToGqRb/gIS800jk=">AAACDHicbVDLSsNAFJ3UV62vqks3g6XgqiS1VDdC0Y3LCvYBbQg300k7dPJgZiKUkA9w46+4caGIWz/AnX/jpM1CWw9cOHPOvcy9x404k8o0v43C2vrG5lZxu7Szu7d/UD486sowFoR2SMhD0XdBUs4C2lFMcdqPBAXf5bTnTm8yv/dAhWRhcK9mEbV9GAfMYwSUlpxyhTiJTPEV9pwEHAuDU8dumr1czc91NVLdZdbMOfAqsXJSQTnaTvlrOApJ7NNAEQ5SDiwzUnYCQjHCaVoaxpJGQKYwpgNNA/CptJP5MSmuamWEvVDoChSeq78nEvClnPl6yaoPaiKXvUz8zxvEyru0ExZEsaIBWXzkxRyrEGfJ4BETlCg+0wSIYHpXTCYggCidX0mHYC2fvEq69ZrVrDXvGpXWdR5HEZ2gU3SGLHSBWugWtVEHEfSIntErejOejBfj3fhYtBaMfOYY/YHx+QOH5Zlm</latexit>

cs = fa1a2bfba3a4

Color factor

Jacobi identity
<latexit sha1_base64="QVqLlsWo/4KBvmdZWEapZ8CvxGo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIglASkepGKLpxWcE+oA1hMp22QyeTMDMRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0c3Ebz1QqVgk7vU4pl6IB4L1GcHaSL59QPxUZegUmarzmmToCjm+XXYqzhRokbg5KUOOum9/dXsRSUIqNOFYqY7rxNpLsdSMcJqVuomiMSYjPKAdQwUOqfLS6QkZOjZKD/UjaZ7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+pZcyESeaCjJb1E840hGa5IF6TFKi+dgQTCQzf0VkiCUm2qRWMiG48ycvkuZZxa1Wqnfn5dp1HkcRDuEITsCFC6jBLdShAQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wfAUZW9</latexit>

cs + ct + cu = 0

Special Galileon amplitude

<latexit sha1_base64="jDrjAzIFPMLdfHc0y06OZGfWa4I=">AAACL3icbZDLSsNAFIYnXmu9VV26GSyCIJREpLoRioK4ESrYC7Q1TKaTdnAyCTMnQgl5Ize+Sjciirj1LZy0RWrrDwM/3zmHM+f3IsE12PabtbC4tLyymlvLr29sbm0XdnbrOowVZTUailA1PaKZ4JLVgINgzUgxEniCNbzHq6zeeGJK81DewyBinYD0JPc5JWCQW7huBwT6lIjkNnWT0xRf4LavCE2kqx9O0kSn+PiXQEZgmsQZiVPsFop2yR4JzxtnYopooqpbGLa7IY0DJoEKonXLsSPoJEQBp4Kl+XasWUToI+mxlrGSBEx3ktG9KT40pIv9UJknAY/o9ERCAq0HgWc6s+v0bC2D/9VaMfjnnYTLKAYm6XiRHwsMIc7Cw12uGAUxMIZQxc1fMe0TEwWYiPMmBGf25HlTPyk55VL57rRYuZzEkUP76AAdIQedoQq6QVVUQxQ9oyF6Rx/Wi/VqfVpf49YFazKzh/7I+v4BpIypcg==</latexit>

M4 =
n2
s

s
+

n2
t

t
+

n2
u

u

<latexit sha1_base64="Dwus4RYDrgYvh2Yt/p9SGU+4reg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJSHUjFN24rGAf0IYwmU7boZNJmLkRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BLHgGhzn2yosLa+srhXXSxubW9s79u5eU0eJoqxBIxGpdkA0E1yyBnAQrB0rRsJAsFYwupn4rQemNI/kPYxj5oVkIHmfUwJG8u0D6ac6w6fYVMhrkuEr7Ph22ak4U+BF4uakjHLUffur24toEjIJVBCtO64Tg5cSBZwKlpW6iWYxoSMyYB1DJQmZ9tLpCRk+NkoP9yNlngQ8VX9PpCTUehwGpjMkMNTz3kT8z+sk0L/0Ui7jBJiks0X9RGCI8CQP3OOKURBjQwhV3PwV0yFRhIJJrWRCcOdPXiTNs4pbrVTvzsu16zyOIjpER+gEuegC1dAtqqMGougRPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wf0ZZXe</latexit>

ns + nt + nu = 0

Kinematic ‘Jacobi identity’

<latexit sha1_base64="IlftjN1/XtFwIwRbJnJHViDCdPY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVoSRRqhuh6MZlBfuANoTJdNIOnUzCzEQoIVs3/oobF4q49Q/c+TdO2iy09cDlHs65l5l7/JhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88U3udx6IkDTi92oSEzdEQ04DipHSkmdC7kl4BaWX2k4Gq0U/hU4uOWfZiWdWrJo1BVwkdkEqoEDTM7/6gwgnIeEKMyRlz7Zi5aZIKIoZycr9RJIY4TEakp6mHIVEuun0kgwea2UAg0jo4gpO1d8bKQqlnIS+ngyRGsl5Lxf/83qJCi7dlPI4UYTj2UNBwqCKYB4LHFBBsGITTRAWVP8V4hESCCsdXlmHYM+fvEjaTs2u1+p355XGdRFHCRyCI1AFNrgADXALmqAFMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QMVc5dq</latexit>

ns = s12(s12 + 2s23)

Bern et.al. ‘19

http://www.arxiv.org/abs/1909.01358


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (symmetric coset)

<latexit sha1_base64="MxSitZgEf0amNSYnU3WouH5tawY="></latexit>

A5 =
n1c1
s12s45

+ . . .

Bern et.al. ‘19

http://www.arxiv.org/abs/1909.01358


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (symmetric coset)

<latexit sha1_base64="MxSitZgEf0amNSYnU3WouH5tawY="></latexit>

A5 =
n1c1
s12s45

+ . . .

Color factor

Jacobi identity

<latexit sha1_base64="oLUtAdHznq+sNmwbgDkSgHCMxno=">AAACGHicbZA9T8MwEIad8lXKV4CRxaKqxFSSUgoLUgULY5Hoh9RWkeM6rVXHiWwHqYryM1j4KywMIMTajX+Dk2aAlpNOevyeT3f3uiGjUlnWt1FYW9/Y3Cpul3Z29/YPzMOjjgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6V1a7z4RIWnAH9UsJEMfjTn1KEZKS455jp3YTuAN9JwYOTZETg26SfpyNV9AnDHWXNd5mThm2apaWcBVsHMogzxajjkfjAIc+YQrzJCUfdsK1TBGQlHMSFIaRJKECE/RmPQ1cuQTOYyzwxJY0coIeoHQyRXM1N8dMfKlnPl64YqP1EQu11Lxv1o/Ut71MKY8jBTheDHIixhUAUxdgiMqCFZspgFhQfWuEE+QQFhpL0vaBHv55FXo1Kp2o9p4qJebt7kdRXACTsEZsMEVaIJ70AJtgMEzeAXv4MN4Md6MT+Nr8bVg5D3H4E8Y8x9J0p10</latexit>

c1 = fa1a2bfba3cfca4a5

<latexit sha1_base64="MdV+aNbNOQ1+OzBM9Q9faFGxIrs=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIglASkepGKLpxWcE+oA1hMp20YycPZiZCCQF/xY0LRdz6He78GydtFtp6YLiHc+7l3jlezJlUlvVtlJaWV1bXyuuVjc2t7R1zd68to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974Jvc7j1RIFoX3ahJTJ8DDkPmMYKUl1zwgbsoydIp0fcjQVV7HmWtWrZo1BVokdkGqUKDpml/9QUSSgIaKcCxlz7Zi5aRYKEY4zSr9RNIYkzEe0p6mIQ6odNLp+Rk61soA+ZHQL1Roqv6eSHEg5STwdGeA1UjOe7n4n9dLlH/ppCyME0VDMlvkJxypCOVZoAETlCg+0QQTwfStiIywwETpxCo6BHv+y4ukfVaz67X63Xm1cV3EUYZDOIITsOECGnALTWgBgRSe4RXejCfjxXg3PmatJaOY2Yc/MD5/APP7lNw=</latexit>

ci + cj = ck

Bern et.al. ‘19

http://www.arxiv.org/abs/1909.01358


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (symmetric coset)

<latexit sha1_base64="MxSitZgEf0amNSYnU3WouH5tawY="></latexit>

A5 =
n1c1
s12s45

+ . . .

Color factor

Jacobi identity

<latexit sha1_base64="oLUtAdHznq+sNmwbgDkSgHCMxno=">AAACGHicbZA9T8MwEIad8lXKV4CRxaKqxFSSUgoLUgULY5Hoh9RWkeM6rVXHiWwHqYryM1j4KywMIMTajX+Dk2aAlpNOevyeT3f3uiGjUlnWt1FYW9/Y3Cpul3Z29/YPzMOjjgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6V1a7z4RIWnAH9UsJEMfjTn1KEZKS455jp3YTuAN9JwYOTZETg26SfpyNV9AnDHWXNd5mThm2apaWcBVsHMogzxajjkfjAIc+YQrzJCUfdsK1TBGQlHMSFIaRJKECE/RmPQ1cuQTOYyzwxJY0coIeoHQyRXM1N8dMfKlnPl64YqP1EQu11Lxv1o/Ut71MKY8jBTheDHIixhUAUxdgiMqCFZspgFhQfWuEE+QQFhpL0vaBHv55FXo1Kp2o9p4qJebt7kdRXACTsEZsMEVaIJ70AJtgMEzeAXv4MN4Md6MT+Nr8bVg5D3H4E8Y8x9J0p10</latexit>

c1 = fa1a2bfba3cfca4a5

<latexit sha1_base64="MdV+aNbNOQ1+OzBM9Q9faFGxIrs=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIglASkepGKLpxWcE+oA1hMp20YycPZiZCCQF/xY0LRdz6He78GydtFtp6YLiHc+7l3jlezJlUlvVtlJaWV1bXyuuVjc2t7R1zd68to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974Jvc7j1RIFoX3ahJTJ8DDkPmMYKUl1zwgbsoydIp0fcjQVV7HmWtWrZo1BVokdkGqUKDpml/9QUSSgIaKcCxlz7Zi5aRYKEY4zSr9RNIYkzEe0p6mIQ6odNLp+Rk61soA+ZHQL1Roqv6eSHEg5STwdGeA1UjOe7n4n9dLlH/ppCyME0VDMlvkJxypCOVZoAETlCg+0QQTwfStiIywwETpxCo6BHv+y4ukfVaz67X63Xm1cV3EUYZDOIITsOECGnALTWgBgRSe4RXejCfjxXg3PmatJaOY2Yc/MD5/APP7lNw=</latexit>

ci + cj = ck

Kinematic ‘Jacobi identity’
<latexit sha1_base64="o/BYdt44R3AArPQ67Vs2O8EViJw=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIglASkepGKLpxWcE+oA1lMp20YyeTMDMRSgj4K25cKOLW73Dn3zhts9DWA8M9nHMv987xY86Udpxvq7C0vLK6VlwvbWxube/Yu3tNFSWS0AaJeCTbPlaUM0EbmmlO27GkOPQ5bfmjm4nfeqRSsUjc63FMvRAPBAsYwdpIPftA9FKWoVNk6kOGriZ1lPXsslNxpkCLxM1JGXLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip1mpmygaYzLCA9oxVOCQKi+dnp+hY6P0URBJ84RGU/X3RIpDpcahbzpDrIdq3puI/3mdRAeXXspEnGgqyGxRkHCkIzTJAvWZpETzsSGYSGZuRWSIJSbaJFYyIbjzX14kzbOKW61U787Ltes8jiIcwhGcgAsXUINbqEMDCKTwDK/wZj1ZL9a79TFrLVj5zD78gfX5AyealP0=</latexit>

ni + nj = nk

<latexit sha1_base64="NLT9ywogWbnIQ688lTWEYCh8eXI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUre20lCQ4GHksWMYOukB9nPgim6Qn6/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fZ2iPgg==</latexit>

n1 = 0

Bern et.al. ‘19

http://www.arxiv.org/abs/1909.01358


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (symmetric coset)

<latexit sha1_base64="MxSitZgEf0amNSYnU3WouH5tawY="></latexit>

A5 =
n1c1
s12s45

+ . . .

Color factor

Jacobi identity

<latexit sha1_base64="oLUtAdHznq+sNmwbgDkSgHCMxno=">AAACGHicbZA9T8MwEIad8lXKV4CRxaKqxFSSUgoLUgULY5Hoh9RWkeM6rVXHiWwHqYryM1j4KywMIMTajX+Dk2aAlpNOevyeT3f3uiGjUlnWt1FYW9/Y3Cpul3Z29/YPzMOjjgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6V1a7z4RIWnAH9UsJEMfjTn1KEZKS455jp3YTuAN9JwYOTZETg26SfpyNV9AnDHWXNd5mThm2apaWcBVsHMogzxajjkfjAIc+YQrzJCUfdsK1TBGQlHMSFIaRJKECE/RmPQ1cuQTOYyzwxJY0coIeoHQyRXM1N8dMfKlnPl64YqP1EQu11Lxv1o/Ut71MKY8jBTheDHIixhUAUxdgiMqCFZspgFhQfWuEE+QQFhpL0vaBHv55FXo1Kp2o9p4qJebt7kdRXACTsEZsMEVaIJ70AJtgMEzeAXv4MN4Md6MT+Nr8bVg5D3H4E8Y8x9J0p10</latexit>

c1 = fa1a2bfba3cfca4a5

<latexit sha1_base64="MdV+aNbNOQ1+OzBM9Q9faFGxIrs=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIglASkepGKLpxWcE+oA1hMp20YycPZiZCCQF/xY0LRdz6He78GydtFtp6YLiHc+7l3jlezJlUlvVtlJaWV1bXyuuVjc2t7R1zd68to0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974Jvc7j1RIFoX3ahJTJ8DDkPmMYKUl1zwgbsoydIp0fcjQVV7HmWtWrZo1BVokdkGqUKDpml/9QUSSgIaKcCxlz7Zi5aRYKEY4zSr9RNIYkzEe0p6mIQ6odNLp+Rk61soA+ZHQL1Roqv6eSHEg5STwdGeA1UjOe7n4n9dLlH/ppCyME0VDMlvkJxypCOVZoAETlCg+0QQTwfStiIywwETpxCo6BHv+y4ukfVaz67X63Xm1cV3EUYZDOIITsOECGnALTWgBgRSe4RXejCfjxXg3PmatJaOY2Yc/MD5/APP7lNw=</latexit>

ci + cj = ck

Kinematic ‘Jacobi identity’
<latexit sha1_base64="o/BYdt44R3AArPQ67Vs2O8EViJw=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIglASkepGKLpxWcE+oA1lMp20YyeTMDMRSgj4K25cKOLW73Dn3zhts9DWA8M9nHMv987xY86Udpxvq7C0vLK6VlwvbWxube/Yu3tNFSWS0AaJeCTbPlaUM0EbmmlO27GkOPQ5bfmjm4nfeqRSsUjc63FMvRAPBAsYwdpIPftA9FKWoVNk6kOGriZ1lPXsslNxpkCLxM1JGXLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip1mpmygaYzLCA9oxVOCQKi+dnp+hY6P0URBJ84RGU/X3RIpDpcahbzpDrIdq3puI/3mdRAeXXspEnGgqyGxRkHCkIzTJAvWZpETzsSGYSGZuRWSIJSbaJFYyIbjzX14kzbOKW61U787Ltes8jiIcwhGcgAsXUINbqEMDCKTwDK/wZj1ZL9a79TFrLVj5zD78gfX5AyealP0=</latexit>

ni + nj = nk

<latexit sha1_base64="NLT9ywogWbnIQ688lTWEYCh8eXI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUre20lCQ4GHksWMYOukB9nPgim6Qn6/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fZ2iPgg==</latexit>

n1 = 0

Special Galileon amplitude

<latexit sha1_base64="RRR/QdDXBNg1IaoyXMtvAYJO2o0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlEqxuh6MaNUME+oA1hMp20QycPZiZCCfFX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c7yYM6ks69sorayurW+UNytb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclN7ncfqZAsCh/UNKZOgEch8xnBSkuuWR0EWI0J5uld5qbnGbpClmvWrLo1A1omdkFqUKDlml+DYUSSgIaKcCxl37Zi5aRYKEY4zSqDRNIYkwke0b6mIQ6odNJZ+Awda2WI/EjoFyo0U39vpDiQchp4ejKPKhe9XPzP6yfKv3RSFsaJoiGZH/ITjlSE8ibQkAlKFJ9qgolgOisiYywwUbqvii7BXvzyMumc1u1GvXF/VmteF3WU4RCO4ARsuIAm3EIL2kBgCs/wCm/Gk/FivBsf89GSUexU4Q+Mzx+yPpQo</latexit>

M5 = 0

Bern et.al. ‘19

http://www.arxiv.org/abs/1909.01358


Scattering Amplitudes
Hidden structure!

<latexit sha1_base64="oy94aOudh0S6qlM1GtaQxb+oFc0="></latexit>

A4 = Rikjls34 +Rijkls24

Geometric amplitude

AH ‘24

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (nonsymmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

<latexit sha1_base64="oy94aOudh0S6qlM1GtaQxb+oFc0="></latexit>

A4 = Rikjls34 +Rijkls24

Geometric amplitude

AH ‘24

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (nonsymmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

Curvature factor

Jacobi identity
<latexit sha1_base64="QVqLlsWo/4KBvmdZWEapZ8CvxGo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIglASkepGKLpxWcE+oA1hMp22QyeTMDMRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0c3Ebz1QqVgk7vU4pl6IB4L1GcHaSL59QPxUZegUmarzmmToCjm+XXYqzhRokbg5KUOOum9/dXsRSUIqNOFYqY7rxNpLsdSMcJqVuomiMSYjPKAdQwUOqfLS6QkZOjZKD/UjaZ7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+pZcyESeaCjJb1E840hGa5IF6TFKi+dgQTCQzf0VkiCUm2qRWMiG48ycvkuZZxa1Wqnfn5dp1HkcRDuEITsCFC6jBLdShAQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wfAUZW9</latexit>

cs + ct + cu = 0

<latexit sha1_base64="uQRPK3+VMiU+K4pEa3QClV33R68=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIlIFYpQdOOyin1AE8NkMmmHTh7MTKQl5Cvc+CtuXCjiVtz5N07aLLT1wIUz59zL3HvcmFEhDeNbW1hcWl5ZLa2V1zc2t7b1nd22iBKOSQtHLOJdFwnCaEhakkpGujEnKHAZ6bjDq9zvPBAuaBTeyXFM7AD1Q+pTjKSSHP0YOynN4AW8dVLkYi+DlqAB9PPXKIP+fTrKnNSqW3WoTEevGFVjAjhPzIJUQIGmo39ZXoSTgIQSMyREzzRiaaeIS4oZycpWIkiM8BD1SU/REAVE2OnkrAweKsWDfsRVhRJO1N8TKQqEGAeu6gyQHIhZLxf/83qJ9M/tlIZxIkmIpx/5CYMygnlG0KOcYMnGiiDMqdoV4gHiCEuVZFmFYM6ePE/aJ1WzVq3dnFYal0UcJbAPDsARMMEZaIBr0AQtgMEjeAav4E170l60d+1j2rqgFTN74A+0zx9gsZ7o</latexit>

ci = Rabcd ⇠ fabxf
x
cd

<latexit sha1_base64="oy94aOudh0S6qlM1GtaQxb+oFc0="></latexit>

A4 = Rikjls34 +Rijkls24

Geometric amplitude

AH ‘24

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (nonsymmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

<latexit sha1_base64="Dwus4RYDrgYvh2Yt/p9SGU+4reg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJSHUjFN24rGAf0IYwmU7boZNJmLkRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BLHgGhzn2yosLa+srhXXSxubW9s79u5eU0eJoqxBIxGpdkA0E1yyBnAQrB0rRsJAsFYwupn4rQemNI/kPYxj5oVkIHmfUwJG8u0D6ac6w6fYVMhrkuEr7Ph22ak4U+BF4uakjHLUffur24toEjIJVBCtO64Tg5cSBZwKlpW6iWYxoSMyYB1DJQmZ9tLpCRk+NkoP9yNlngQ8VX9PpCTUehwGpjMkMNTz3kT8z+sk0L/0Ui7jBJiks0X9RGCI8CQP3OOKURBjQwhV3PwV0yFRhIJJrWRCcOdPXiTNs4pbrVTvzsu16zyOIjpER+gEuegC1dAtqqMGougRPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wf0ZZXe</latexit>

ns + nt + nu = 0

Kinematic ‘Jacobi identity’

<latexit sha1_base64="IlftjN1/XtFwIwRbJnJHViDCdPY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVoSRRqhuh6MZlBfuANoTJdNIOnUzCzEQoIVs3/oobF4q49Q/c+TdO2iy09cDlHs65l5l7/JhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88U3udx6IkDTi92oSEzdEQ04DipHSkmdC7kl4BaWX2k4Gq0U/hU4uOWfZiWdWrJo1BVwkdkEqoEDTM7/6gwgnIeEKMyRlz7Zi5aZIKIoZycr9RJIY4TEakp6mHIVEuun0kgwea2UAg0jo4gpO1d8bKQqlnIS+ngyRGsl5Lxf/83qJCi7dlPI4UYTj2UNBwqCKYB4LHFBBsGITTRAWVP8V4hESCCsdXlmHYM+fvEjaTs2u1+p355XGdRFHCRyCI1AFNrgADXALmqAFMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QMVc5dq</latexit>

ns = s12(s12 + 2s23)

Curvature factor

Jacobi identity
<latexit sha1_base64="QVqLlsWo/4KBvmdZWEapZ8CvxGo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIglASkepGKLpxWcE+oA1hMp22QyeTMDMRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0c3Ebz1QqVgk7vU4pl6IB4L1GcHaSL59QPxUZegUmarzmmToCjm+XXYqzhRokbg5KUOOum9/dXsRSUIqNOFYqY7rxNpLsdSMcJqVuomiMSYjPKAdQwUOqfLS6QkZOjZKD/UjaZ7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+pZcyESeaCjJb1E840hGa5IF6TFKi+dgQTCQzf0VkiCUm2qRWMiG48ycvkuZZxa1Wqnfn5dp1HkcRDuEITsCFC6jBLdShAQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wfAUZW9</latexit>

cs + ct + cu = 0

<latexit sha1_base64="uQRPK3+VMiU+K4pEa3QClV33R68=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIlIFYpQdOOyin1AE8NkMmmHTh7MTKQl5Cvc+CtuXCjiVtz5N07aLLT1wIUz59zL3HvcmFEhDeNbW1hcWl5ZLa2V1zc2t7b1nd22iBKOSQtHLOJdFwnCaEhakkpGujEnKHAZ6bjDq9zvPBAuaBTeyXFM7AD1Q+pTjKSSHP0YOynN4AW8dVLkYi+DlqAB9PPXKIP+fTrKnNSqW3WoTEevGFVjAjhPzIJUQIGmo39ZXoSTgIQSMyREzzRiaaeIS4oZycpWIkiM8BD1SU/REAVE2OnkrAweKsWDfsRVhRJO1N8TKQqEGAeu6gyQHIhZLxf/83qJ9M/tlIZxIkmIpx/5CYMygnlG0KOcYMnGiiDMqdoV4gHiCEuVZFmFYM6ePE/aJ1WzVq3dnFYal0UcJbAPDsARMMEZaIBr0AQtgMEjeAav4E170l60d+1j2rqgFTN74A+0zx9gsZ7o</latexit>

ci = Rabcd ⇠ fabxf
x
cd

<latexit sha1_base64="oy94aOudh0S6qlM1GtaQxb+oFc0="></latexit>

A4 = Rikjls34 +Rijkls24

Geometric amplitude

AH ‘24

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (nonsymmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

Special Galileon amplitude

<latexit sha1_base64="jDrjAzIFPMLdfHc0y06OZGfWa4I=">AAACL3icbZDLSsNAFIYnXmu9VV26GSyCIJREpLoRioK4ESrYC7Q1TKaTdnAyCTMnQgl5Ize+Sjciirj1LZy0RWrrDwM/3zmHM+f3IsE12PabtbC4tLyymlvLr29sbm0XdnbrOowVZTUailA1PaKZ4JLVgINgzUgxEniCNbzHq6zeeGJK81DewyBinYD0JPc5JWCQW7huBwT6lIjkNnWT0xRf4LavCE2kqx9O0kSn+PiXQEZgmsQZiVPsFop2yR4JzxtnYopooqpbGLa7IY0DJoEKonXLsSPoJEQBp4Kl+XasWUToI+mxlrGSBEx3ktG9KT40pIv9UJknAY/o9ERCAq0HgWc6s+v0bC2D/9VaMfjnnYTLKAYm6XiRHwsMIc7Cw12uGAUxMIZQxc1fMe0TEwWYiPMmBGf25HlTPyk55VL57rRYuZzEkUP76AAdIQedoQq6QVVUQxQ9oyF6Rx/Wi/VqfVpf49YFazKzh/7I+v4BpIypcg==</latexit>

M4 =
n2
s

s
+

n2
t

t
+

n2
u

u

<latexit sha1_base64="Dwus4RYDrgYvh2Yt/p9SGU+4reg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJSHUjFN24rGAf0IYwmU7boZNJmLkRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BLHgGhzn2yosLa+srhXXSxubW9s79u5eU0eJoqxBIxGpdkA0E1yyBnAQrB0rRsJAsFYwupn4rQemNI/kPYxj5oVkIHmfUwJG8u0D6ac6w6fYVMhrkuEr7Ph22ak4U+BF4uakjHLUffur24toEjIJVBCtO64Tg5cSBZwKlpW6iWYxoSMyYB1DJQmZ9tLpCRk+NkoP9yNlngQ8VX9PpCTUehwGpjMkMNTz3kT8z+sk0L/0Ui7jBJiks0X9RGCI8CQP3OOKURBjQwhV3PwV0yFRhIJJrWRCcOdPXiTNs4pbrVTvzsu16zyOIjpER+gEuegC1dAtqqMGougRPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wf0ZZXe</latexit>

ns + nt + nu = 0

Kinematic ‘Jacobi identity’

<latexit sha1_base64="IlftjN1/XtFwIwRbJnJHViDCdPY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVoSRRqhuh6MZlBfuANoTJdNIOnUzCzEQoIVs3/oobF4q49Q/c+TdO2iy09cDlHs65l5l7/JhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88U3udx6IkDTi92oSEzdEQ04DipHSkmdC7kl4BaWX2k4Gq0U/hU4uOWfZiWdWrJo1BVwkdkEqoEDTM7/6gwgnIeEKMyRlz7Zi5aZIKIoZycr9RJIY4TEakp6mHIVEuun0kgwea2UAg0jo4gpO1d8bKQqlnIS+ngyRGsl5Lxf/83qJCi7dlPI4UYTj2UNBwqCKYB4LHFBBsGITTRAWVP8V4hESCCsdXlmHYM+fvEjaTs2u1+p355XGdRFHCRyCI1AFNrgADXALmqAFMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QMVc5dq</latexit>

ns = s12(s12 + 2s23)

Curvature factor

Jacobi identity
<latexit sha1_base64="QVqLlsWo/4KBvmdZWEapZ8CvxGo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIglASkepGKLpxWcE+oA1hMp22QyeTMDMRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0c3Ebz1QqVgk7vU4pl6IB4L1GcHaSL59QPxUZegUmarzmmToCjm+XXYqzhRokbg5KUOOum9/dXsRSUIqNOFYqY7rxNpLsdSMcJqVuomiMSYjPKAdQwUOqfLS6QkZOjZKD/UjaZ7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+pZcyESeaCjJb1E840hGa5IF6TFKi+dgQTCQzf0VkiCUm2qRWMiG48ycvkuZZxa1Wqnfn5dp1HkcRDuEITsCFC6jBLdShAQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wfAUZW9</latexit>

cs + ct + cu = 0

<latexit sha1_base64="uQRPK3+VMiU+K4pEa3QClV33R68=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIlIFYpQdOOyin1AE8NkMmmHTh7MTKQl5Cvc+CtuXCjiVtz5N07aLLT1wIUz59zL3HvcmFEhDeNbW1hcWl5ZLa2V1zc2t7b1nd22iBKOSQtHLOJdFwnCaEhakkpGujEnKHAZ6bjDq9zvPBAuaBTeyXFM7AD1Q+pTjKSSHP0YOynN4AW8dVLkYi+DlqAB9PPXKIP+fTrKnNSqW3WoTEevGFVjAjhPzIJUQIGmo39ZXoSTgIQSMyREzzRiaaeIS4oZycpWIkiM8BD1SU/REAVE2OnkrAweKsWDfsRVhRJO1N8TKQqEGAeu6gyQHIhZLxf/83qJ9M/tlIZxIkmIpx/5CYMygnlG0KOcYMnGiiDMqdoV4gHiCEuVZFmFYM6ePE/aJ1WzVq3dnFYal0UcJbAPDsARMMEZaIBr0AQtgMEjeAav4E170l60d+1j2rqgFTN74A+0zx9gsZ7o</latexit>

ci = Rabcd ⇠ fabxf
x
cd

<latexit sha1_base64="oy94aOudh0S6qlM1GtaQxb+oFc0="></latexit>

A4 = Rikjls34 +Rijkls24

Geometric amplitude

AH ‘24

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

Nonlinear sigma model (nonsymmetric coset)

<latexit sha1_base64="BWomX9om7wfEz8vcbgVads5WbLY="></latexit>

A4 =
nscs
s

+
ntct
t

+
nucu
u

Special Galileon amplitude

<latexit sha1_base64="jDrjAzIFPMLdfHc0y06OZGfWa4I=">AAACL3icbZDLSsNAFIYnXmu9VV26GSyCIJREpLoRioK4ESrYC7Q1TKaTdnAyCTMnQgl5Ize+Sjciirj1LZy0RWrrDwM/3zmHM+f3IsE12PabtbC4tLyymlvLr29sbm0XdnbrOowVZTUailA1PaKZ4JLVgINgzUgxEniCNbzHq6zeeGJK81DewyBinYD0JPc5JWCQW7huBwT6lIjkNnWT0xRf4LavCE2kqx9O0kSn+PiXQEZgmsQZiVPsFop2yR4JzxtnYopooqpbGLa7IY0DJoEKonXLsSPoJEQBp4Kl+XasWUToI+mxlrGSBEx3ktG9KT40pIv9UJknAY/o9ERCAq0HgWc6s+v0bC2D/9VaMfjnnYTLKAYm6XiRHwsMIc7Cw12uGAUxMIZQxc1fMe0TEwWYiPMmBGf25HlTPyk55VL57rRYuZzEkUP76AAdIQedoQq6QVVUQxQ9oyF6Rx/Wi/VqfVpf49YFazKzh/7I+v4BpIypcg==</latexit>

M4 =
n2
s

s
+

n2
t

t
+

n2
u

u

<latexit sha1_base64="Dwus4RYDrgYvh2Yt/p9SGU+4reg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJSHUjFN24rGAf0IYwmU7boZNJmLkRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BLHgGhzn2yosLa+srhXXSxubW9s79u5eU0eJoqxBIxGpdkA0E1yyBnAQrB0rRsJAsFYwupn4rQemNI/kPYxj5oVkIHmfUwJG8u0D6ac6w6fYVMhrkuEr7Ph22ak4U+BF4uakjHLUffur24toEjIJVBCtO64Tg5cSBZwKlpW6iWYxoSMyYB1DJQmZ9tLpCRk+NkoP9yNlngQ8VX9PpCTUehwGpjMkMNTz3kT8z+sk0L/0Ui7jBJiks0X9RGCI8CQP3OOKURBjQwhV3PwV0yFRhIJJrWRCcOdPXiTNs4pbrVTvzsu16zyOIjpER+gEuegC1dAtqqMGougRPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wf0ZZXe</latexit>

ns + nt + nu = 0

Kinematic ‘Jacobi identity’

<latexit sha1_base64="IlftjN1/XtFwIwRbJnJHViDCdPY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVoSRRqhuh6MZlBfuANoTJdNIOnUzCzEQoIVs3/oobF4q49Q/c+TdO2iy09cDlHs65l5l7/JhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT88U3udx6IkDTi92oSEzdEQ04DipHSkmdC7kl4BaWX2k4Gq0U/hU4uOWfZiWdWrJo1BVwkdkEqoEDTM7/6gwgnIeEKMyRlz7Zi5aZIKIoZycr9RJIY4TEakp6mHIVEuun0kgwea2UAg0jo4gpO1d8bKQqlnIS+ngyRGsl5Lxf/83qJCi7dlPI4UYTj2UNBwqCKYB4LHFBBsGITTRAWVP8V4hESCCsdXlmHYM+fvEjaTs2u1+p355XGdRFHCRyCI1AFNrgADXALmqAFMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QMVc5dq</latexit>

ns = s12(s12 + 2s23)

Curvature factor

Jacobi identity
<latexit sha1_base64="QVqLlsWo/4KBvmdZWEapZ8CvxGo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIglASkepGKLpxWcE+oA1hMp22QyeTMDMRSghu/BU3LhRx61e482+ctllo64HhHs65lzv3BDFnSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0c3Ebz1QqVgk7vU4pl6IB4L1GcHaSL59QPxUZegUmarzmmToCjm+XXYqzhRokbg5KUOOum9/dXsRSUIqNOFYqY7rxNpLsdSMcJqVuomiMSYjPKAdQwUOqfLS6QkZOjZKD/UjaZ7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+pZcyESeaCjJb1E840hGa5IF6TFKi+dgQTCQzf0VkiCUm2qRWMiG48ycvkuZZxa1Wqnfn5dp1HkcRDuEITsCFC6jBLdShAQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wfAUZW9</latexit>

cs + ct + cu = 0

<latexit sha1_base64="uQRPK3+VMiU+K4pEa3QClV33R68=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIlIFYpQdOOyin1AE8NkMmmHTh7MTKQl5Cvc+CtuXCjiVtz5N07aLLT1wIUz59zL3HvcmFEhDeNbW1hcWl5ZLa2V1zc2t7b1nd22iBKOSQtHLOJdFwnCaEhakkpGujEnKHAZ6bjDq9zvPBAuaBTeyXFM7AD1Q+pTjKSSHP0YOynN4AW8dVLkYi+DlqAB9PPXKIP+fTrKnNSqW3WoTEevGFVjAjhPzIJUQIGmo39ZXoSTgIQSMyREzzRiaaeIS4oZycpWIkiM8BD1SU/REAVE2OnkrAweKsWDfsRVhRJO1N8TKQqEGAeu6gyQHIhZLxf/83qJ9M/tlIZxIkmIpx/5CYMygnlG0KOcYMnGiiDMqdoV4gHiCEuVZFmFYM6ePE/aJ1WzVq3dnFYal0UcJbAPDsARMMEZaIBr0AQtgMEjeAav4E170l60d+1j2rqgFTN74A+0zx9gsZ7o</latexit>

ci = Rabcd ⇠ fabxf
x
cd

Curvature-kinematics duality

<latexit sha1_base64="oy94aOudh0S6qlM1GtaQxb+oFc0="></latexit>

A4 = Rikjls34 +Rijkls24

Geometric amplitude

AH ‘24

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

AH ‘24

Geometric amplitude
<latexit sha1_base64="rg0tMVUTjSWskdNoZiK4jdLSSCo="></latexit>

A5 =rkRiljms45 +rlRikjms35 +rlRijkms25

+rmRikjls34 +rmRijkl(s24 + s45)

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

<latexit sha1_base64="MxSitZgEf0amNSYnU3WouH5tawY="></latexit>

A5 =
n1c1
s12s45

+ . . .

Nonlinear sigma model (nonsymmetric coset)

AH ‘24

Geometric amplitude
<latexit sha1_base64="rg0tMVUTjSWskdNoZiK4jdLSSCo="></latexit>

A5 =rkRiljms45 +rlRikjms35 +rlRijkms25

+rmRikjls34 +rmRijkl(s24 + s45)

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

<latexit sha1_base64="MxSitZgEf0amNSYnU3WouH5tawY="></latexit>

A5 =
n1c1
s12s45

+ . . .

Nonlinear sigma model (nonsymmetric coset)

Symmetry property

Curvature factor
<latexit sha1_base64="0JGf0q7u6fzITbPouMJQOJnK7rs="></latexit>

ci = rcRabde 6= fabxf
x
cyf

y
de

<latexit sha1_base64="aF1CHCCu3m+jrbqgIVetqNOWlYc=">AAACBnicbVDJSgNBEO1xjXGLehShMQgJhjAjEr0IQS8eI5gFkiH0VCpJk56F7h4hDDl58Ve8eFDEq9/gzb+xsxw08UHB6/eq6KrnRYIrbdvf1tLyyuraemojvbm1vbOb2duvqTCWgFUIRSgbHlMoeIBVzbXARiSR+Z7Auje4Gfv1B5SKh8G9Hkbo+qwX8C4Hpo3UzhxBjhW8AhQ6BczTK3pKIYfmAUZk+XYmaxftCegicWYkS2aotDNfrU4IsY+BBsGUajp2pN2ESc1B4CjdihVGDAash01DA+ajcpPJGSN6YpQO7YbSVKDpRP09kTBfqaHvmU6f6b6a98bif14z1t1LN+FBFGsMYPpRNxZUh3ScCe1wiaDF0BAGkptdKfSZZKBNcmkTgjN/8iKpnRWdUrF0d54tX8/iSJFDckxyxCEXpExuSYVUCZBH8kxeyZv1ZL1Y79bHtHXJms0ckD+wPn8AZjuVRg==</latexit>

c(a, b, c, d, e) = +c(e, d, c, b, a)
AH ‘24

Geometric amplitude
<latexit sha1_base64="rg0tMVUTjSWskdNoZiK4jdLSSCo="></latexit>

A5 =rkRiljms45 +rlRikjms35 +rlRijkms25

+rmRikjls34 +rmRijkl(s24 + s45)

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

<latexit sha1_base64="MxSitZgEf0amNSYnU3WouH5tawY="></latexit>

A5 =
n1c1
s12s45

+ . . .

Nonlinear sigma model (nonsymmetric coset)

Symmetry property

Curvature factor
<latexit sha1_base64="0JGf0q7u6fzITbPouMJQOJnK7rs="></latexit>

ci = rcRabde 6= fabxf
x
cyf

y
de

<latexit sha1_base64="aF1CHCCu3m+jrbqgIVetqNOWlYc=">AAACBnicbVDJSgNBEO1xjXGLehShMQgJhjAjEr0IQS8eI5gFkiH0VCpJk56F7h4hDDl58Ve8eFDEq9/gzb+xsxw08UHB6/eq6KrnRYIrbdvf1tLyyuraemojvbm1vbOb2duvqTCWgFUIRSgbHlMoeIBVzbXARiSR+Z7Auje4Gfv1B5SKh8G9Hkbo+qwX8C4Hpo3UzhxBjhW8AhQ6BczTK3pKIYfmAUZk+XYmaxftCegicWYkS2aotDNfrU4IsY+BBsGUajp2pN2ESc1B4CjdihVGDAash01DA+ajcpPJGSN6YpQO7YbSVKDpRP09kTBfqaHvmU6f6b6a98bif14z1t1LN+FBFGsMYPpRNxZUh3ScCe1wiaDF0BAGkptdKfSZZKBNcmkTgjN/8iKpnRWdUrF0d54tX8/iSJFDckxyxCEXpExuSYVUCZBH8kxeyZv1ZL1Y79bHtHXJms0ckD+wPn8AZjuVRg==</latexit>

c(a, b, c, d, e) = +c(e, d, c, b, a)
AH ‘24

General Galileon amplitude
<latexit sha1_base64="ktqvQeF8aVgXrV3+BcB66FtUO7I="></latexit>

M5 =
X

i2�

n2
i

di
=

 
X

a<b

s4ab

!
� 1

4

 
X

a<b

s2ab

!2

Geometric amplitude
<latexit sha1_base64="rg0tMVUTjSWskdNoZiK4jdLSSCo="></latexit>

A5 =rkRiljms45 +rlRikjms35 +rlRijkms25

+rmRikjls34 +rmRijkl(s24 + s45)

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Hidden structure!

<latexit sha1_base64="MxSitZgEf0amNSYnU3WouH5tawY="></latexit>

A5 =
n1c1
s12s45

+ . . .

Nonlinear sigma model (nonsymmetric coset)

Symmetry property

Curvature factor
<latexit sha1_base64="0JGf0q7u6fzITbPouMJQOJnK7rs="></latexit>

ci = rcRabde 6= fabxf
x
cyf

y
de

<latexit sha1_base64="aF1CHCCu3m+jrbqgIVetqNOWlYc=">AAACBnicbVDJSgNBEO1xjXGLehShMQgJhjAjEr0IQS8eI5gFkiH0VCpJk56F7h4hDDl58Ve8eFDEq9/gzb+xsxw08UHB6/eq6KrnRYIrbdvf1tLyyuraemojvbm1vbOb2duvqTCWgFUIRSgbHlMoeIBVzbXARiSR+Z7Auje4Gfv1B5SKh8G9Hkbo+qwX8C4Hpo3UzhxBjhW8AhQ6BczTK3pKIYfmAUZk+XYmaxftCegicWYkS2aotDNfrU4IsY+BBsGUajp2pN2ESc1B4CjdihVGDAash01DA+ajcpPJGSN6YpQO7YbSVKDpRP09kTBfqaHvmU6f6b6a98bif14z1t1LN+FBFGsMYPpRNxZUh3ScCe1wiaDF0BAGkptdKfSZZKBNcmkTgjN/8iKpnRWdUrF0d54tX8/iSJFDckxyxCEXpExuSYVUCZBH8kxeyZv1ZL1Y79bHtHXJms0ckD+wPn8AZjuVRg==</latexit>

c(a, b, c, d, e) = +c(e, d, c, b, a)
AH ‘24

General Galileon amplitude
<latexit sha1_base64="ktqvQeF8aVgXrV3+BcB66FtUO7I="></latexit>

M5 =
X

i2�

n2
i

di
=

 
X

a<b

s4ab

!
� 1

4

 
X

a<b

s2ab

!2

Curvature-kinematics duality

Geometric amplitude
<latexit sha1_base64="rg0tMVUTjSWskdNoZiK4jdLSSCo="></latexit>

A5 =rkRiljms45 +rlRikjms35 +rlRijkms25

+rmRikjls34 +rmRijkl(s24 + s45)

https://arxiv.org/abs/2406.10955


Scattering Amplitudes
Geometry with fermions

<latexit sha1_base64="bt678Yl0Z/I/J6cAZDALBNAyQKw="></latexit>

L =
1

2
gij(�)(@µ�

i@µ�j) + ikp̄r(�) ̄
p̄
$
@ µ�

µ r + i!p̄ri(�)(@µ�
i) ̄p̄�µ r

Assi, AH, Manohar, Pages, Shen ‘23

https://arxiv.org/abs/2307.03187


Scattering Amplitudes
Geometry with fermions

<latexit sha1_base64="bt678Yl0Z/I/J6cAZDALBNAyQKw="></latexit>

L =
1

2
gij(�)(@µ�

i@µ�j) + ikp̄r(�) ̄
p̄
$
@ µ�

µ r + i!p̄ri(�)(@µ�
i) ̄p̄�µ r

Field redefinition <latexit sha1_base64="ctqUHanNPIOUPkk5KJXU7RP4/0Q=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1ExKRKnRTdOOyin1Ak4bJdNoOnSTDzEQpoX/hxl9x40IRt7rzb5ymWWjrgYHDOedy556AMyqVbX8bS8srq2vrhY3i5tb2zq65t9+UcSIwaeCYxaIdIEkYjUhDUcVImwuCwoCRVjC6mvqteyIkjaM7NebEC9Egon2KkdKSb1oul7TLoSvoYKiQEPEDvO1yP3WrbhWKSdnlQ3oCs1QqJr5Zsi07A1wkTk5KIEfdN7/cXoyTkEQKMyRlx7G58lIkFMWMTIpuIglHeIQGpKNphEIivTS7awKPtdKD/VjoFymYqb8nUhRKOQ4DnQyRGsp5byr+53US1b/wUhrxRJEIzxb1EwZVDKclwR4VBCs21gRhQfVfIR4igbDSVRZ1Cc78yYukeWo5Fatyc1aqXeZ1FMAhOAJl4IBzUAPXoA4aAINH8AxewZvxZLwY78bHLLpk5DMH4A+Mzx+UTp+S</latexit>

 p ! Rp
r(�) 

r

<latexit sha1_base64="wkz1rmERiDFXoXO0OoGBpiaW8mg="></latexit>

kp̄r !
⇥
(R†)�1kR�1

⇤
p̄r

!p̄rI !
⇥
(R†)�1!R�1

⇤
p̄rI

+
1

2

⇥
(R†)�1k(@IR

�1)
⇤
p̄r

� 1

2

⇥
(@I(R

†)�1)kR�1
⇤
p̄r

We need both terms to define the geometry

Assi, AH, Manohar, Pages, Shen ‘23

https://arxiv.org/abs/2307.03187


Scattering Amplitudes
Geometry with fermions

<latexit sha1_base64="bt678Yl0Z/I/J6cAZDALBNAyQKw="></latexit>

L =
1

2
gij(�)(@µ�

i@µ�j) + ikp̄r(�) ̄
p̄
$
@ µ�

µ r + i!p̄ri(�)(@µ�
i) ̄p̄�µ r

Field redefinition <latexit sha1_base64="ctqUHanNPIOUPkk5KJXU7RP4/0Q=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1ExKRKnRTdOOyin1Ak4bJdNoOnSTDzEQpoX/hxl9x40IRt7rzb5ymWWjrgYHDOedy556AMyqVbX8bS8srq2vrhY3i5tb2zq65t9+UcSIwaeCYxaIdIEkYjUhDUcVImwuCwoCRVjC6mvqteyIkjaM7NebEC9Egon2KkdKSb1oul7TLoSvoYKiQEPEDvO1yP3WrbhWKSdnlQ3oCs1QqJr5Zsi07A1wkTk5KIEfdN7/cXoyTkEQKMyRlx7G58lIkFMWMTIpuIglHeIQGpKNphEIivTS7awKPtdKD/VjoFymYqb8nUhRKOQ4DnQyRGsp5byr+53US1b/wUhrxRJEIzxb1EwZVDKclwR4VBCs21gRhQfVfIR4igbDSVRZ1Cc78yYukeWo5Fatyc1aqXeZ1FMAhOAJl4IBzUAPXoA4aAINH8AxewZvxZLwY78bHLLpk5DMH4A+Mzx+UTp+S</latexit>

 p ! Rp
r(�) 

r

<latexit sha1_base64="wkz1rmERiDFXoXO0OoGBpiaW8mg="></latexit>

kp̄r !
⇥
(R†)�1kR�1

⇤
p̄r

!p̄rI !
⇥
(R†)�1!R�1

⇤
p̄rI

+
1

2

⇥
(R†)�1k(@IR

�1)
⇤
p̄r

� 1

2

⇥
(@I(R

†)�1)kR�1
⇤
p̄r

We need both terms to define the geometry

Assi, AH, Manohar, Pages, Shen ‘23
‘Riemann normal coordinates’
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Geometry with fermions
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Scattering Amplitudes
Geometry with fermions

Geometric soft theorem
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Scattering Amplitudes
Geometry with fermions

Geometric soft theorem (with potentials and Yukawa interactions)

Derda, AH, Parra-Martinez ‘24
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Scattering Amplitudes
Double soft theorem

Geometric double soft theorem (only scalars)

Derda, AH, Parra-Martinez ‘24
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Scattering Amplitudes
Double soft theorem

Geometric double soft theorem (only scalars)
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Scattering Amplitudes
Double soft theorem

Derda, AH, Parra-Martinez ‘24

Geometric double soft theorem (two soft scalars)
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Scattering Amplitudes
Double soft theorem

Derda, AH, Parra-Martinez ‘24

Geometric double soft theorem (two soft scalars)

Geometric double soft theorem (two soft fermions)
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Scattering Amplitudes
Double soft theorem

Derda, AH, Parra-Martinez ‘24

Geometric double soft theorem (two soft scalars)

Geometric double soft theorem (two soft fermions)
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Standard Model Effective Field Theory
Encode heavy new physics in effective operators
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Standard Model Effective Field Theory
Renormalization Group Equations
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Scattering Amplitudes
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RGE for Standard Model Effective Field Theory

Surprising simplicity!

Universal relations!

Hidden structure!

Practical calculations

<latexit sha1_base64="oy94aOudh0S6qlM1GtaQxb+oFc0="></latexit>

A4 = Rikjls34 +Rijkls24

Geometry of field space



Thank you!


