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Bala, Jain and Dhruva [2605.06811] 
Bala, Jain, Dhruva and Rao [2604.07446] 

“The Cosmological Grassmannian” [2602.07117]

Huang, Kuo, Liu and Mei [2604.08512]  
De and Lee [2603.24656] 
Ansari, Jain and Dhruva [2512.04172] 
Carrillo Gonzales and Keseman [2510.00096]  
DB, Mathys, Pimentel and Rost [2408.02727]



Challenge
Massless theories have beautiful structure in flat space:

Parke-Taylor De Witt

1�

<latexit sha1_base64="WVnLMqeoHJrbzrPPOQelbPMT/fk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArET0IBrx4jGgekKxhdjKbDJmdWWZmhbDkE7x4UMSrX+TNv/ATnGxy0MSChqKqm+6uIOZMG9f9cnJLyyura/n1wsbm1vZOcXevoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMryd+85EqzaS4N6OY+hHuCxYygo2V7ryHk26x5JbdDGiReDNSuvqGDLVu8bPTkySJqDCEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqcES1n2anjtGRVXoolMqWMChTf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYJMF4UJR0aiyd+oxxQlho8swUQxeysiA6wwMTadgg3Bm395kTROy16lfHZbKVUvp2lAHg7gEI7Bg3Oowg3UoA4E+vAEL/DqcOfZeXPep605ZzazD3/gfPwAM76OhQ==</latexit>

2�

<latexit sha1_base64="2U693JLMOTVtk1QEp4BGqiGWzU8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZDRA+CAS8eI5oHJGuYncwmQ2ZnlplZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nKXlldW19dxGfnNre2e3sLff0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG1xO/+UiVZlLcm1FM/Qj3BQsZwcZKd+WH026h6JbcDGiReDNSvPqGDLVu4bPTkySJqDCEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsqcES1n2anjtGxVXoolMqWMChTf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYJMF4UJR0aiyd+oxxQlho8swUQxeysiA6wwMTadvA3Bm395kTTKJa9SOrutFKuX0zQgB4dwBCfgwTlU4QZqUAcCfXiCF3h1uPPsvDnv09YlZzZzAH/gfPwANUSOhg==</latexit>

3+

<latexit sha1_base64="Le49qNiPNBMniX65/LJTEbcodk0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexqRA+CAS8eI5oHJGuYncwmQ2Zml5lZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nIXFpeWV1dxafn1jc2u7sLNb11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXI/9xiNVmkXy3gxj6gvckyxkBBsr3Z0+HHcKRbfkZkDzxJuS4tU3ZKh2Cp/tbkQSQaUhHGvd8tzY+ClWhhFOR/l2ommMyQD3aMtSiQXVfpqdOkKHVumiMFK2pEGZ+nsixULroQhsp8Cmr2e9sfif10pMeOGnTMaJoZJMFoUJRyZC479RlylKDB9agoli9lZE+lhhYmw6eRuCN/vyPKmflLxy6ey2XKxcTtKAHOzDARyBB+dQgRuoQg0I9OAJXuDV4c6z8+a8T1oXnOnMHvyB8/EDM8KOhQ==</latexit>

4+

<latexit sha1_base64="+/EPfqqkKgS96fDS6QgpTKPH5vU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoQDHjxGNE8IFnD7GQ2GTI7s8zMCmHJJ3jxoIhXv8ibf+EnONnkoIkFDUVVN91dQcyZNq775eSWlldW1/LrhY3Nre2d4u5eQ8tEEVonkkvVCrCmnAlaN8xw2ooVxVHAaTMYXk/85iNVmklxb0Yx9SPcFyxkBBsr3VUeTrrFklt2M6BF4s1I6eobMtS6xc9OT5IkosIQjrVue25s/BQrwwin40In0TTGZIj7tG2pwBHVfpqdOkZHVumhUCpbwqBM/T2R4kjrURTYzgibgZ73JuJ/Xjsx4YWfMhEnhgoyXRQmHBmJJn+jHlOUGD6yBBPF7K2IDLDCxNh0CjYEb/7lRdI4LXuV8tltpVS9nKYBeTiAQzgGD86hCjdQgzoQ6MMTvMCrw51n5815n7bmnNnMPvyB8/EDNUiOhg==</latexit>

YM

1�

<latexit sha1_base64="WVnLMqeoHJrbzrPPOQelbPMT/fk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArET0IBrx4jGgekKxhdjKbDJmdWWZmhbDkE7x4UMSrX+TNv/ATnGxy0MSChqKqm+6uIOZMG9f9cnJLyyura/n1wsbm1vZOcXevoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMryd+85EqzaS4N6OY+hHuCxYygo2V7ryHk26x5JbdDGiReDNSuvqGDLVu8bPTkySJqDCEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqcES1n2anjtGRVXoolMqWMChTf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYJMF4UJR0aiyd+oxxQlho8swUQxeysiA6wwMTadgg3Bm395kTROy16lfHZbKVUvp2lAHg7gEI7Bg3Oowg3UoA4E+vAEL/DqcOfZeXPep605ZzazD3/gfPwAM76OhQ==</latexit>

2�

<latexit sha1_base64="2U693JLMOTVtk1QEp4BGqiGWzU8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZDRA+CAS8eI5oHJGuYncwmQ2ZnlplZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nKXlldW19dxGfnNre2e3sLff0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG1xO/+UiVZlLcm1FM/Qj3BQsZwcZKd+WH026h6JbcDGiReDNSvPqGDLVu4bPTkySJqDCEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsqcES1n2anjtGxVXoolMqWMChTf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYJMF4UJR0aiyd+oxxQlho8swUQxeysiA6wwMTadvA3Bm395kTTKJa9SOrutFKuX0zQgB4dwBCfgwTlU4QZqUAcCfXiCF3h1uPPsvDnv09YlZzZzAH/gfPwANUSOhg==</latexit>

GR

3+

<latexit sha1_base64="Le49qNiPNBMniX65/LJTEbcodk0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexqRA+CAS8eI5oHJGuYncwmQ2Zml5lZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nIXFpeWV1dxafn1jc2u7sLNb11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXI/9xiNVmkXy3gxj6gvckyxkBBsr3Z0+HHcKRbfkZkDzxJuS4tU3ZKh2Cp/tbkQSQaUhHGvd8tzY+ClWhhFOR/l2ommMyQD3aMtSiQXVfpqdOkKHVumiMFK2pEGZ+nsixULroQhsp8Cmr2e9sfif10pMeOGnTMaJoZJMFoUJRyZC479RlylKDB9agoli9lZE+lhhYmw6eRuCN/vyPKmflLxy6ey2XKxcTtKAHOzDARyBB+dQgRuoQg0I9OAJXuDV4c6z8+a8T1oXnOnMHvyB8/EDM8KOhQ==</latexit>

4+

<latexit sha1_base64="+/EPfqqkKgS96fDS6QgpTKPH5vU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoQDHjxGNE8IFnD7GQ2GTI7s8zMCmHJJ3jxoIhXv8ibf+EnONnkoIkFDUVVN91dQcyZNq775eSWlldW1/LrhY3Nre2d4u5eQ8tEEVonkkvVCrCmnAlaN8xw2ooVxVHAaTMYXk/85iNVmklxb0Yx9SPcFyxkBBsr3VUeTrrFklt2M6BF4s1I6eobMtS6xc9OT5IkosIQjrVue25s/BQrwwin40In0TTGZIj7tG2pwBHVfpqdOkZHVumhUCpbwqBM/T2R4kjrURTYzgibgZ73JuJ/Xjsx4YWfMhEnhgoyXRQmHBmJJn+jHlOUGD6yBBPF7K2IDLDCxNh0CjYEb/7lRdI4LXuV8tltpVS9nKYBeTiAQzgGD86hCjdQgzoQ6MMTvMCrw51n5815n7bmnNnMPvyB8/EDNUiOhg==</latexit>

M =
(h12i[34])4

stu

<latexit sha1_base64="Dt42WkzHz9mJFs3uaItfnDWdVzQ="></latexit>

M =
h12i4

h12ih23i · · · h(n� 1)ni

<latexit sha1_base64="BQzGTC41wk37FWcR/bJd5/tJ4SI="></latexit>



Challenge
Is this also true in curved spacetime?

YES. If using the right kinematics !!

dS4

1

<latexit sha1_base64="oSnU0RSRk0kWGKUCSOxU0utcgIE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKogfBgBePCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5F36Ck00OmljQUFR1090VJIJr47pfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LejBL0I9qXPOSMGivVvG6x5JbdDGSZeHNSuvmGDNVu8bPTi1kaoTRMUK3bnpsYf0yV4UzgpNBJNSaUDWkf25ZKGqH2x9mhE3JilR4JY2VLGpKpvyfGNNJ6FAW2M6JmoBe9qfif105NeOWPuUxSg5LNFoWpICYm069JjytkRowsoUxxeythA6ooMzabgg3BW3x5mTTOyt55+aJ2Xqpcz9KAPBzBMZyCB5dQgTuoQh0YIDzBC7w6D86z8+a8z1pzznzmEP7A+fgBFnmN5g==</latexit>

2

<latexit sha1_base64="KuI9CvpLMegOrHVWSNbdPLvHlYg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiB4EA148JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+hZ/gZJODJhY0FFXddHd5seBK2/aXlVtb39jcym8Xdnb39g+Kh0ctFSWSYZNFIpIdjyoUPMSm5lpgJ5ZIA09g2xvfzvz2I0rFo/BeT2J0AzoMuc8Z1UZqVPrFkl22M5BV4ixI6eYbMtT7xc/eIGJJgKFmgirVdexYuymVmjOB00IvURhTNqZD7Boa0gCVm2aHTsmZUQbEj6SpUJNM/T2R0kCpSeCZzoDqkVr2ZuJ/XjfR/pWb8jBONIZsvshPBNERmX1NBlwi02JiCGWSm1sJG1FJmTbZFEwIzvLLq6RVKTvV8kWjWqpdz9OAPJzAKZyDA5dQgzuoQxMYIDzBC7xaD9az9Wa9z1tz1mLmGP7A+vgBF/2N5w==</latexit>

3

<latexit sha1_base64="lN1yTxxKatgX1EdVA1Ejy+X7TBY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRa0YNgwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/4U9wm/agrQ8GHu/NMDPPjzlT2nG+rNzK6tr6Rn6zsLW9s7tX3D9oqiiRFBs04pFs+0QhZwIbmmmO7VgiCX2OLX90O/VbjygVi8S9HsfohWQgWMAo0Uaqn/eKJafsZLCXiTsnpZtvyFDrFT+7/YgmIQpNOVGq4zqx9lIiNaMcJ4VuojAmdEQG2DFUkBCVl2aHTuwTo/TtIJKmhLYz9fdESkKlxqFvOkOih2rRm4r/eZ1EB1deykScaBR0tihIuK0je/q13WcSqeZjQwiVzNxq0yGRhGqTTcGE4C6+vEyaZ2W3Ur6oV0rV61kakIcjOIZTcOESqnAHNWgABYQneIFX68F6tt6s91lrzprPHMIfWB8/GYGN6A==</latexit>

4

<latexit sha1_base64="KU6jJYj5ThuEK+uMutyrVUCa7LQ=">AAAB5HicbVDLSgNBEOyNr7i+olcvg0HwFHYlogfBgBePEcwDkiXMTnqTMbOzy8ysEEK+wIsHxavf5M2/8BOcbHLQxIKGoqqb7q4wFVwbz/tyCmvrG5tbxW13Z3dv/6DkHjZ1kimGDZaIRLVDqlFwiQ3DjcB2qpDGocBWOLqd+a0nVJon8sGMUwxiOpA84owaK91Xe6WyV/FykFXiL0j55hty1Hulz24/YVmM0jBBte74XmqCCVWGM4FTt5tpTCkb0QF2LJU0Rh1M8kOn5NQqfRIlypY0JFd/T0xorPU4Dm1nTM1QL3sz8T+vk5noKphwmWYGJZsvijJBTEJmX5M+V8iMGFtCmeL2VsKGVFFmbDauDcFffnmVNM8rfrVyUa5dz7OAIhzDCZyBD5dQgzuoQwMYIDzDK7w5j86L8z5vLDiLiSP4A+fjB6vQjL8=</latexit>

CFT3



 n(⇤) =

Z
dC �(C · ⇤)An(C)

<latexit sha1_base64="V7q4mfJ9MzxwllcWC0mi2lB1dXg="></latexit>

 n(Za) =

Z
dcab e

icabZa·ZbAn(cab)

<latexit sha1_base64="UmIi6YwZ8XgVllA+lnGhpgDxrZA="></latexit>

Main Result

half-FT Orthogonal 
Grassmannian Beautiful

DB, Mathys, Pimentel and Rost [2025] 
Arundine, DB, Lee, Pimentel and Rost [2026] 

The right 
variables are 

twistors:

Momentum 
space:



Main Result

1�

<latexit sha1_base64="WVnLMqeoHJrbzrPPOQelbPMT/fk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArET0IBrx4jGgekKxhdjKbDJmdWWZmhbDkE7x4UMSrX+TNv/ATnGxy0MSChqKqm+6uIOZMG9f9cnJLyyura/n1wsbm1vZOcXevoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMryd+85EqzaS4N6OY+hHuCxYygo2V7ryHk26x5JbdDGiReDNSuvqGDLVu8bPTkySJqDCEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqcES1n2anjtGRVXoolMqWMChTf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYJMF4UJR0aiyd+oxxQlho8swUQxeysiA6wwMTadgg3Bm395kTROy16lfHZbKVUvp2lAHg7gEI7Bg3Oowg3UoA4E+vAEL/DqcOfZeXPep605ZzazD3/gfPwAM76OhQ==</latexit>

2�

<latexit sha1_base64="2U693JLMOTVtk1QEp4BGqiGWzU8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZDRA+CAS8eI5oHJGuYncwmQ2ZnlplZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nKXlldW19dxGfnNre2e3sLff0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG1xO/+UiVZlLcm1FM/Qj3BQsZwcZKd+WH026h6JbcDGiReDNSvPqGDLVu4bPTkySJqDCEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsqcES1n2anjtGxVXoolMqWMChTf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYJMF4UJR0aiyd+oxxQlho8swUQxeysiA6wwMTadvA3Bm395kTTKJa9SOrutFKuX0zQgB4dwBCfgwTlU4QZqUAcCfXiCF3h1uPPsvDnv09YlZzZzAH/gfPwANUSOhg==</latexit>

3+

<latexit sha1_base64="Le49qNiPNBMniX65/LJTEbcodk0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexqRA+CAS8eI5oHJGuYncwmQ2Zml5lZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nIXFpeWV1dxafn1jc2u7sLNb11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXI/9xiNVmkXy3gxj6gvckyxkBBsr3Z0+HHcKRbfkZkDzxJuS4tU3ZKh2Cp/tbkQSQaUhHGvd8tzY+ClWhhFOR/l2ommMyQD3aMtSiQXVfpqdOkKHVumiMFK2pEGZ+nsixULroQhsp8Cmr2e9sfif10pMeOGnTMaJoZJMFoUJRyZC479RlylKDB9agoli9lZE+lhhYmw6eRuCN/vyPKmflLxy6ey2XKxcTtKAHOzDARyBB+dQgRuoQg0I9OAJXuDV4c6z8+a8T1oXnOnMHvyB8/EDM8KOhQ==</latexit>

4+

<latexit sha1_base64="+/EPfqqkKgS96fDS6QgpTKPH5vU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoQDHjxGNE8IFnD7GQ2GTI7s8zMCmHJJ3jxoIhXv8ibf+EnONnkoIkFDUVVN91dQcyZNq775eSWlldW1/LrhY3Nre2d4u5eQ8tEEVonkkvVCrCmnAlaN8xw2ooVxVHAaTMYXk/85iNVmklxb0Yx9SPcFyxkBBsr3VUeTrrFklt2M6BF4s1I6eobMtS6xc9OT5IkosIQjrVue25s/BQrwwin40In0TTGZIj7tG2pwBHVfpqdOkZHVumhUCpbwqBM/T2R4kjrURTYzgibgZ73JuJ/Xjsx4YWfMhEnhgoyXRQmHBmJJn+jHlOUGD6yBBPF7K2IDLDCxNh0CjYEb/7lRdI4LXuV8tltpVS9nKYBeTiAQzgGD86hCjdQgzoQ6MMTvMCrw51n5815n7bmnNnMPvyB8/EDNUiOhg==</latexit>

YM

1�

<latexit sha1_base64="WVnLMqeoHJrbzrPPOQelbPMT/fk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArET0IBrx4jGgekKxhdjKbDJmdWWZmhbDkE7x4UMSrX+TNv/ATnGxy0MSChqKqm+6uIOZMG9f9cnJLyyura/n1wsbm1vZOcXevoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMryd+85EqzaS4N6OY+hHuCxYygo2V7ryHk26x5JbdDGiReDNSuvqGDLVu8bPTkySJqDCEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqcES1n2anjtGRVXoolMqWMChTf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYJMF4UJR0aiyd+oxxQlho8swUQxeysiA6wwMTadgg3Bm395kTROy16lfHZbKVUvp2lAHg7gEI7Bg3Oowg3UoA4E+vAEL/DqcOfZeXPep605ZzazD3/gfPwAM76OhQ==</latexit>

2�

<latexit sha1_base64="2U693JLMOTVtk1QEp4BGqiGWzU8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZDRA+CAS8eI5oHJGuYncwmQ2ZnlplZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nKXlldW19dxGfnNre2e3sLff0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG1xO/+UiVZlLcm1FM/Qj3BQsZwcZKd+WH026h6JbcDGiReDNSvPqGDLVu4bPTkySJqDCEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsqcES1n2anjtGxVXoolMqWMChTf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYJMF4UJR0aiyd+oxxQlho8swUQxeysiA6wwMTadvA3Bm395kTTKJa9SOrutFKuX0zQgB4dwBCfgwTlU4QZqUAcCfXiCF3h1uPPsvDnv09YlZzZzAH/gfPwANUSOhg==</latexit>

3+

<latexit sha1_base64="Le49qNiPNBMniX65/LJTEbcodk0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexqRA+CAS8eI5oHJGuYncwmQ2Zml5lZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nIXFpeWV1dxafn1jc2u7sLNb11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXI/9xiNVmkXy3gxj6gvckyxkBBsr3Z0+HHcKRbfkZkDzxJuS4tU3ZKh2Cp/tbkQSQaUhHGvd8tzY+ClWhhFOR/l2ommMyQD3aMtSiQXVfpqdOkKHVumiMFK2pEGZ+nsixULroQhsp8Cmr2e9sfif10pMeOGnTMaJoZJMFoUJRyZC479RlylKDB9agoli9lZE+lhhYmw6eRuCN/vyPKmflLxy6ey2XKxcTtKAHOzDARyBB+dQgRuoQg0I9OAJXuDV4c6z8+a8T1oXnOnMHvyB8/EDM8KOhQ==</latexit>

4+

<latexit sha1_base64="+/EPfqqkKgS96fDS6QgpTKPH5vU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoQDHjxGNE8IFnD7GQ2GTI7s8zMCmHJJ3jxoIhXv8ibf+EnONnkoIkFDUVVN91dQcyZNq775eSWlldW1/LrhY3Nre2d4u5eQ8tEEVonkkvVCrCmnAlaN8xw2ooVxVHAaTMYXk/85iNVmklxb0Yx9SPcFyxkBBsr3VUeTrrFklt2M6BF4s1I6eobMtS6xc9OT5IkosIQjrVue25s/BQrwwin40In0TTGZIj7tG2pwBHVfpqdOkZHVumhUCpbwqBM/T2R4kjrURTYzgibgZ73JuJ/Xjsx4YWfMhEnhgoyXRQmHBmJJn+jHlOUGD6yBBPF7K2IDLDCxNh0CjYEb/7lRdI4LXuV8tltpVS9nKYBeTiAQzgGD86hCjdQgzoQ6MMTvMCrw51n5815n7bmnNnMPvyB8/EDNUiOhg==</latexit>

YM

Correlators drastically simplify in Grassmannian space:

Similar to amplitudes in flat space.

A4 =
(123̄4̄)2

ST


1

S + T + U
+

1

S + T � U

�

<latexit sha1_base64="Nm+5Jh8NQ7etTZH8oevZxMG15UY="></latexit>

M4 =
(h12i[34])2

st

<latexit sha1_base64="vrTWR9FkG47x5Bv5PmYMk/Qnato="></latexit>



Kinematics



We are interested in correlations on the boundary of de Sitter space:

Boundary Correlators

Gauge field

Conserved  
current

Like in AdS/CFT, bulk gauge fields are dual to conserved currents.

We wish to compute:  n ⌘ hJ1J2 · · · Jni0

<latexit sha1_base64="reB2ESqAAprjo535fUKObT5lqhE=">AAACGXicbVDLSsNAFL3xWeur6tLNYBFdlUQqurPgRlxVsK3QlDCZ3NbBySTOTIQS/A03/oobF4q41JV/4Sc4TbvwdeDC4ZxzmbknTAXXxnU/nKnpmdm5+dJCeXFpeWW1srbe1kmmGLZYIhJ1EVKNgktsGW4EXqQKaRwK7IRXxyO/c4NK80Sem2GKvZgOJO9zRo2VgorrNzUPJPHxOuM3xBdUDgSS08Czs+ezKDHaMhtQhbMTVKpuzS1A/hJvQqpHn1CgGVTe/ChhWYzSMEG17npuano5VYYzgbdlP9OYUnZFB9i1VNIYdS8vLrsl21aJSD9RdqQhhfp9I6ex1sM4tMmYmkv92xuJ/3ndzPQPezmXaWZQsvFD/UwQk5BRTSTiCpkRQ0soU9z+lbBLqigztsyyLcH7ffJf0t6refXa/lm92miM24ASbMIW7IIHB9CAE2hCCxjcwQM8wbNz7zw6L87rODrlTHY24Aec9y/qIKBr</latexit>

J i(x2)

<latexit sha1_base64="LTDWfDToTFsn3U0HUDhHHBnfNcY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJeyGiJ404EU8RTAPSDZhdjKbDJmdXWZm1bDkP7x4UMSr/+LNv/ATnGxy0MSChqKqm+4uL+JMadv+spaWV1bX1jMb2c2t7Z3d3N5+XYWxJLRGQh7KpocV5UzQmmaa02YkKQ48Thve8GriN+6pVCwUd3oUUTfAfcF8RrA2UuemwwpJ2/PR47hbOunm8nbRToEWiTMj+ctvSFHt5j7bvZDEARWacKxUy7Ej7SZYakY4HWfbsaIRJkPcpy1DBQ6ocpP06jE6NkoP+aE0JTRK1d8TCQ6UGgWe6QywHqh5byL+57Vi7Z+7CRNRrKkg00V+zJEO0SQC1GOSEs1HhmAimbkVkQGWmGgTVNaE4My/vEjqpaJTLp7elvOVi2kakIFDOIICOHAGFbiGKtSAgIQneIFX68F6tt6s92nrkjWbOYA/sD5+ANn8kuA=</latexit>

J i(x3)

<latexit sha1_base64="a034Uk1ccsmBaxdZq2PIeUFS+R4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJexqRE8a8CKeIpgHJJswO5lNhszOLjOzaljyH148KOLVf/HmX/gJTjY5aGJBQ1HVTXeXF3GmtG1/WQuLS8srq5m17PrG5tZ2bme3psJYElolIQ9lw8OKciZoVTPNaSOSFAcep3VvcDX26/dUKhaKOz2MqBvgnmA+I1gbqX3TZoWk5fnocdQ5Oerk8nbRToHmiTMl+ctvSFHp5D5b3ZDEARWacKxU07Ej7SZYakY4HWVbsaIRJgPco01DBQ6ocpP06hE6NEoX+aE0JTRK1d8TCQ6UGgae6Qyw7qtZbyz+5zVj7Z+7CRNRrKkgk0V+zJEO0TgC1GWSEs2HhmAimbkVkT6WmGgTVNaE4My+PE9qx0WnVDy9LeXLF5M0IAP7cAAFcOAMynANFagCAQlP8AKv1oP1bL1Z75PWBWs6swd/YH38ANuBkuE=</latexit>

J i(x1)

<latexit sha1_base64="te9YXQ10pI26g+TqwA7KcfWz6BM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXInrSgBfxFME8INmE2clsMmR2dpmZVcOS//DiQRGv/os3/8JPcLLJQRMLGoqqbrq7vIgzpW37y8osLa+srmXXcxubW9s7+d29ugpjSWiNhDyUTQ8rypmgNc00p81IUhx4nDa84dXEb9xTqVgo7vQoom6A+4L5jGBtpM5NhxWTtuejx3HXOe7mC3bJToEWiTMjhctvSFHt5j/bvZDEARWacKxUy7Ej7SZYakY4HefasaIRJkPcpy1DBQ6ocpP06jE6MkoP+aE0JTRK1d8TCQ6UGgWe6QywHqh5byL+57Vi7Z+7CRNRrKkg00V+zJEO0SQC1GOSEs1HhmAimbkVkQGWmGgTVM6E4My/vEjqJyWnXDq9LRcqF9M0IAsHcAhFcOAMKnANVagBAQlP8AKv1oP1bL1Z79PWjDWb2Yc/sD5+ANh3kt8=</latexit>

Aµ(t,x)

<latexit sha1_base64="hTzTB4QRQwCeuBPtXg37hCfTZvg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhgoRdiehJI148RjAPyK5hdjKbDJl9MDMbDEv+xIsHRbz6J978Cz/BySYHTSxoKKq66e7yYs6ksqwvI7e0vLK6ll8vbGxube+Yu3sNGSWC0DqJeCRaHpaUs5DWFVOctmJBceBx2vQGNxO/OaRCsii8V6OYugHuhcxnBCstdUzz+sEJkpI6SR3PR4/j445ZtMpWBrRI7BkpXn1DhlrH/HS6EUkCGirCsZRt24qVm2KhGOF0XHASSWNMBrhH25qGOKDSTbPLx+hIK13kR0JXqFCm/p5IcSDlKPB0Z4BVX857E/E/r50o/8JNWRgnioZkushPOFIRmsSAukxQovhIE0wE07ci0scCE6XDKugQ7PmXF0njtGxXymd3lWL1cpoG5OEADqEENpxDFW6hBnUgMIQneIFXIzWejTfjfdqaM2Yz+/AHxscP8gmUAA==</latexit>

These correlators are constrained by conformal symmetry.



Cosmologists like to work in Fourier space.

Boundary correlators
 n ⌘ hJ1J2 · · · Jni0

<latexit sha1_base64="jCoaOAx0WeiZjKynqvuyG4aPFDY=">AAACGXicbVC7SgNBFL0bXzG+Vi1tBoNoFXZDRCsN2IhVBBOFbFhmJzdxcHZ2nZkVQvA3bPwVGwtFLLXyL/wEJ5sUvg5cOJxzLjP3RKng2njeh1OYmp6ZnSvOlxYWl5ZX3NW1lk4yxbDJEpGoi4hqFFxi03Aj8CJVSONI4Hl0dTTyz29QaZ7IMzNIsRPTvuQ9zqixUuh6QUPzUJIArzN+QwJBZV8gOQl9O9WAdROjLbMBlTvboVv2Kl4O8pf4E1I+/IQcjdB9C7oJy2KUhgmqddv3UtMZUmU4E3hbCjKNKWVXtI9tSyWNUXeG+WW3ZMsqXdJLlB1pSK5+3xjSWOtBHNlkTM2l/u2NxP+8dmZ6+50hl2lmULLxQ71MEJOQUU2kyxUyIwaWUKa4/Sthl1RRZmyZJVuC//vkv6RVrfi1yu5prVw/GLcBRdiATdgBH/agDsfQgCYwuIMHeIJn5955dF6c13G04Ex21uEHnPcv6YagaQ==</latexit>

However, conformal symmetry becomes a nontrivial constraint:

Are there better kinematic variables?

Fourier Space

nX

a=1

 
kia
2

@2

@k2a
� kja

@2

@kja@ka,i
� 2

@

@ka,i

!
 n = 0

<latexit sha1_base64="pEv9PbbhAqfhk1kKrqP/oWhIY+Y="></latexit>

k1

<latexit sha1_base64="mhtAx9Xi6IUX2vGfuP2+YkwK6Bw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRE8a8OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/wk9wspuDJhY0FFXddHcFMWfauO6XU1hZXVvfKG6WtrZ3dvfK+wctHSWK0CaJeKQ6AdaUM0mbhhlOO7GiWASctoPxzcxvP1KlWSTvzSSmvsBDyUJGsLHSQ9oLQjSe9r1+ueJW3QxomXhzUrn+hgyNfvmzN4hIIqg0hGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKrGg2k+zg6foxCoDFEbKljQoU39PpFhoPRGB7RTYjPSiNxP/87qJCS/9lMk4MVSSfFGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLIheIsvL5PWWdWrVc/vapX6VZ4GFOEIjuEUPLiAOtxCA5pAQMATvMCro5xn5815z1sLznzmEP7A+fgB4Y6RPg==</latexit>

k2

<latexit sha1_base64="d+IcH/9rmPi6AVwIR7MFG/g5uaw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGBD1pwIvHCOYhyRJmJ7PJkJnZZWZWCEu+wosHRbz6Od78Cz/BySYHTSxoKKq66e4KYs60cd0vJ7e2vrG5ld8u7Ozu7R8UD49aOkoUoU0S8Uh1AqwpZ5I2DTOcdmJFsQg4bQfjm5nffqRKs0jem0lMfYGHkoWMYGOlh7QXhGg87Vf6xZJbdjOgVeItSOn6GzI0+sXP3iAiiaDSEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcSCaj/NDp6iM6sMUBgpW9KgTP09kWKh9UQEtlNgM9LL3kz8z+smJrz0UybjxFBJ5ovChCMTodn3aMAUJYZPLMFEMXsrIiOsMDE2o4INwVt+eZW0KmWvWq7dVUv1q3kakIcTOIVz8OAC6nALDWgCAQFP8AKvjnKenTfnfd6acxYzx/AHzscP4xKRPw==</latexit>

k3

<latexit sha1_base64="Q/pC8BlMIC/etxSOCemMV0Nk0+U=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqgp404MVjBPOQZAmzk9lkyMzsMjMrhCVf4cWDIl79HG/+hZ/gZJODJhY0FFXddHcFMWfauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHSWK0AaJeKTaAdaUM0kbhhlO27GiWASctoLRzdRvPVKlWSTvzTimvsADyUJGsLHSQ9oNQjSa9M57xZJbdjOgZeLNSen6GzLUe8XPbj8iiaDSEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcSCaj/NDp6gE6v0URgpW9KgTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJZovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0z8pepVy9q5RqV7M0IA9HcAyn4MEF1OAW6tAAAgKe4AVeHeU8O2/O+6w158xnDuEPnI8f5JaRQA==</latexit>



Spinor Helicity Variables
Express momentum vectors in terms of spinors:

It is convenient to define

⇤ ⌘

0

BBBBBBBBB@

�1
1 �2

1
...

...
�1
n �2

n

�̄1
1 �̄2

1
...

...
�̄1
n �̄2

n

1

CCCCCCCCCA

<latexit sha1_base64="ZQ5VKbST4L5vSgiT8aV3rcu6DX8="></latexit>

3-momentum spinors

ki(�
i)↵� ⌘ �(↵�̄�)

<latexit sha1_base64="5eLdndELXxQFM2jDSNf/TSsEpHo="></latexit>

k, ✏±

<latexit sha1_base64="k5nF6iPAe3D1+ze36ES6LV3GZMg=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMVHRnwY3LCvYBnVoyaaYNzSRDkhHK0A9w46+4caGIWz/AnX/hJ5hpu9DWCyGHc87l3nuCmDNtXPfLyS0tr6yu5dcLG5tb2zvF3b2GlokitE4kl6oVYE05E7RumOG0FSuKo4DTZjC8yvTmPVWaSXFrRjHtRLgvWMgINpbqFkupH4RoOD5BFkje06PIfsinsWZcivGdH0fW5ZbdSaFF4M1A6fIbJlXrFj/9niRJRIUhHGvd9tzYdFKsDCOcjgt+ommMyRD3adtCgSOqO+nkmDE6skwPhVLZJwyasL87UhzpbEvrjLAZ6HktI//T2okJLzopE3FiqCDTQWHCkZEoSwb1mKLE8JEFmChmd0VkgBUmxuZXsCF48ycvgsZp2auUz24qpWp1mgbk4QAO4Rg8OIcqXEMN6kDgAZ7gBV6dR+fZeXPep9acM+vZhz/lfPwAmP2cyQ==</latexit>

We then have

Conformal 
symmetry

 n / �(⇤T ·Q · ⇤)

<latexit sha1_base64="4bWMG5mFF7ivr83vYbkg8aEc79k=">AAACHnicbVDLSgMxFL3js9ZX1aWbYBF0U2akRXcW3Lhw0YJVoVNLJpNqMJMMyR2hlH6JG3/FjQtFBFf6F36C6WOhrQdCDufce5N7olQKi77/5c3Mzs0vLOaW8ssrq2vrhY3NC6szw3iDaanNVUQtl0LxBgqU/Co1nCaR5JfR3cnAv7znxgqtzrGb8lZCb5ToCEbRSe1CJaxZ0VYkTI1OUZMw5hLpXnjmRsT0+pyELNZI6qNrLO+3C0W/5A9BpkkwJsXjbxii1i58hLFmWcIVMkmtbQZ+iq0eNSiY5P18mFmeUnZHb3jTUUUTblu94Xp9suuUmHS0cUchGaq/O3o0sbabRK4yoXhrJ72B+J/XzLBz1OoJlWbIFRs91MkkcTkMsiKxMJyh7DpCmRHur4TdUkMZukTzLoRgcuVpcnFQCsqlSr1crFZHaUAOtmEH9iCAQ6jCKdSgAQwe4Ale4NV79J69N+99VDrjjXu24A+8zx+HJKLn</latexit>

Momentum 
conservation

Q ⌘
✓

0 1n⇥n

1n⇥n 0

◆

<latexit sha1_base64="fUmaCN6Q92JwB/R0ixdq/F5/4aw="></latexit>

�
@T
⇤ ·Q · @⇤

�
 n = 0

<latexit sha1_base64="g0BYF/b4v9aWGdhtxkUh1LM1sBM="></latexit>

Can these constraints be 
solved simultaneously?



Orthogonal Grassmannian
Conformal Ward identity is a Laplace-like equation

@

@⇤T
·Q · @

@⇤
 n = 0

<latexit sha1_base64="e9dzHOEth2gdkza2r44rsprx038="></latexit>

�
 (x+ iy) ,  (x� iy)

 
⌘  (~c · ~x)

<latexit sha1_base64="bd7ZFHjqI7L1u9lZbTPsQglg5Cs="></latexit>

Recall: 2D Laplace is solved by

Try:

This is a solution if Orthogonal 
Grassmannian

 n(C · ⇤)

<latexit sha1_base64="c2St1HQZMaG5J2IO17d06wyF0YU="></latexit>

n⇥ 2n matrix

<latexit sha1_base64="55Sj/HIXU0+uLbtgNdoUgnIlW4Q="></latexit>

C ·Q · CT = 0

<latexit sha1_base64="j9ZQnO56tupVfbgbIQetAjSGWX8=">AAACAHicdVDJSkMxFL2vTrVOVRcu3ASL4OqR18HahVjoxmULnaCtJS9N29C8gSRPKKUbf8WNC0Xc+hnu/As/wXQQVPTA5R7OuZfkHjcUXGmM363Yyura+kZ8M7G1vbO7l9w/qKsgkpTVaCAC2XSJYoL7rKa5FqwZSkY8V7CGOyrN/MYtk4oHflWPQ9bxyMDnfU6JNlI3eVRCbdoLNKose+mmii4R7iZT2M4XnLRTQNjG59lcLm2Ik8aFTAY5Np4jdfUBc5S7ybd2L6CRx3xNBVGq5eBQdyZEak4FmybakWIhoSMyYC1DfeIx1ZnMD5iiU6P0UD+QpnyN5ur3jQnxlBp7rpn0iB6q395M/MtrRbp/0ZlwP4w08+nioX4kkA7QLA3U45JRLcaGECq5+SuiQyIJ1SazhAnh61L0P6mnbSdr5yrZVLG4SAPicAwncAYO5KEI11CGGlCYwj08wpN1Zz1Yz9bLYjRmLXcO4Qes109ln5XN</latexit>

OGr(n, 2n)

<latexit sha1_base64="0NAp9/KbMrdMQwGMDeYJWGUc44o=">AAAB+HicdVBNS8NAEJ34bf2KevSyWIQKEpLYqj1Z8KA3K9haaEPZbLe6uNmE3Y1QQ3+JFw+KePWnePNf+BPcpgoq+mDg8d4MM/PChDOlXffNmpicmp6ZnZsvLCwuLa/Yq2tNFaeS0AaJeSxbIVaUM0EbmmlOW4mkOAo5vQivj0b+xQ2VisXiXA8SGkT4UrA+I1gbqWuvZB0ZodNjOSyJHV9sd+2i6+xXPd+rItdx98qVim+I57vV3V3kOW6O4uE75Kh37ddOLyZpRIUmHCvV9txEBxmWmhFOh4VOqmiCyTW+pG1DBY6oCrL88CHaMkoP9WNpSmiUq98nMhwpNYhC0xlhfaV+eyPxL6+d6v5BkDGRpJoKMl7UTznSMRqlgHpMUqL5wBBMJDO3InKFJSbaZFUwIXx9iv4nTd/xyk7lrFys1cZpwBxswCaUwIN9qMEJ1KEBBFK4gwd4tG6te+vJeh63TlifM+vwA9bLB0E/k6E=</latexit>



Orthogonal Grassmannian
Geometrically: OGr(n, 2n)

<latexit sha1_base64="0NAp9/KbMrdMQwGMDeYJWGUc44o=">AAAB+HicdVBNS8NAEJ34bf2KevSyWIQKEpLYqj1Z8KA3K9haaEPZbLe6uNmE3Y1QQ3+JFw+KePWnePNf+BPcpgoq+mDg8d4MM/PChDOlXffNmpicmp6ZnZsvLCwuLa/Yq2tNFaeS0AaJeSxbIVaUM0EbmmlOW4mkOAo5vQivj0b+xQ2VisXiXA8SGkT4UrA+I1gbqWuvZB0ZodNjOSyJHV9sd+2i6+xXPd+rItdx98qVim+I57vV3V3kOW6O4uE75Kh37ddOLyZpRIUmHCvV9txEBxmWmhFOh4VOqmiCyTW+pG1DBY6oCrL88CHaMkoP9WNpSmiUq98nMhwpNYhC0xlhfaV+eyPxL6+d6v5BkDGRpJoKMl7UTznSMRqlgHpMUqL5wBBMJDO3InKFJSbaZFUwIXx9iv4nTd/xyk7lrFys1cZpwBxswCaUwIN9qMEJ1KEBBFK4gwd4tG6te+vJeh63TlifM+vwA9bLB0E/k6E=</latexit>

n

<latexit sha1_base64="d3mslMlh5ySyS2jx57qSDJ5A8Dc=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadndJMacDHjxmIB5QLKE2ckkGTM7u8zMCmHJF3jxoIhXP8mbf+EnOEkUVLSgoajqprsriDlT2nHerMzK6tr6RnYzt7W9s7uX3z9oqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTuYXM799i2VikXiWk9j6od4JNiQEayN1BD9fMGxK1XXc6vIsZ2zUrnsGeJ6TrVYRK7tLFC4eIcF6v38a28QkSSkQhOOleq6Tqz9FEvNCKezXC9RNMZkgke0a6jAIVV+ujh0hk6MMkDDSJoSGi3U7xMpDpWahoHpDLEeq9/eXPzL6yZ6eO6nTMSJpoIsFw0TjnSE5l+jAZOUaD41BBPJzK2IjLHERJtsciaEr0/R/6Tl2W7JLjdKhVptmQZk4QiO4RRcqEANrqAOTSBA4Q4e4NG6se6tJ+t52ZqxPmcO4Qeslw/YWI5s</latexit>

R2n

<latexit sha1_base64="70D2eNfrJYcHVtLA5IDeaXQ1SKY=">AAAB+HicdVDLTgIxFL2DL8QHqEs3jcTE1WRmAJGVJG5copFHAkg6pUBDpzNpOyY44UvcuNAYt36KO//CT7CAJmr0JE1Ozrk39/T4EWdKO86blVpaXlldS69nNja3trO5nd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3x2cxv3lCpWCiu9CSi3QAPBRswgrWRerlsJ8B65PvJ5fQ68cS0l8s7drniem4FObZzXCyVPENcz6kUCsi1nTnyp+8wR62Xe+30QxIHVGjCsVJt14l0N8FSM8LpNNOJFY0wGeMhbRsqcEBVN5kHn6JDo/TRIJTmCY3m6veNBAdKTQLfTM5iqt/eTPzLa8d6cNJNmIhiTQVZHBrEHOkQzVpAfSYp0XxiCCaSmayIjLDERJuuMqaEr5+i/0nDs92iXboo5qvVRRuQhn04gCNwoQxVOIca1IFADHfwAI/WrXVvPVnPi9GU9bmzBz9gvXwAAH+UxQ==</latexit>

-planes inNull

Example: OGr(3, 6)

<latexit sha1_base64="WP6tUT/93NPq148sVSExFDPV2CA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAiSNjV+LgZ8KA3I5gHJGuYncwmQ2Znl5lZJSz5Dy8eFPHqv3jzL/wEJ5scNLGgoajqprvLizhT2ra/rLn5hcWl5cxKdnVtfWMzt7VdU2EsCa2SkIey4WFFORO0qpnmtBFJigOP07rXvxz59QcqFQvFnR5E1A1wVzCfEayNdJ+0ZIBuruSwcHx4etDO5e2inQLNEmdC8hffkKLSzn22OiGJAyo04VippmNH2k2w1IxwOsy2YkUjTPq4S5uGChxQ5Sbp1UO0b5QO8kNpSmiUqr8nEhwoNQg80xlg3VPT3kj8z2vG2j93EyaiWFNBxov8mCMdolEEqMMkJZoPDMFEMnMrIj0sMdEmqKwJwZl+eZbUjopOqXhyW8qXy+M0IAO7sAcFcOAMynANFagCAQlP8AKv1qP1bL1Z7+PWOWsyswN/YH38AEC5knw=</latexit>

2

4
1 0 0 0 c12 c13
0 1 0 �c12 0 c23
0 0 1 �c13 �c23 0

3

5

<latexit sha1_base64="aglpA+r/JJzQxoLYtCkWi6hsCRk="></latexit>

v1

<latexit sha1_base64="S/HM2Z62+SmTk8MzgPojP1ubY3s=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSSkVkGw4MZlRfuANpTJdNIOnTyYmRRK6Ce4caGIW7/InX/hJzhNK6jogQuHc+7l3nv8hDOpLOvdWFpeWV1bL2wUN7e2d3ZLe/tNGaeC0AaJeSzaPpaUs4g2FFOcthNBcehz2vJHVzO/NaZCsji6U5OEeiEeRCxgBCst3Y57dq9UtkwrB7JM99SpuhVNqs65azvIXljlyw/IUe+V3rr9mKQhjRThWMqObSXKy7BQjHA6LXZTSRNMRnhAO5pGOKTSy/JTp+hYK30UxEJXpFCufp/IcCjlJPR1Z4jVUP72ZuJfXidVwZmXsShJFY3IfFGQcqRiNPsb9ZmgRPGJJpgIpm9FZIgFJkqnU9QhfH2K/idNx7Rds3LjlmsX8zSgAIdwBCdgQxVqcA11aACBAdzDIzwZ3Hgwno2XeeuSsZg5gB8wXj8B8FOPBA==</latexit>

v2

<latexit sha1_base64="jmD1CKdCJ/LZc2rOhHg2VvNQ72Y=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSSkVkGw4MZlRfuANpTJdNIOnTyYmRRK6Ce4caGIW7/InX/hJzhNK6jogQuHc+7l3nv8hDOpLOvdWFpeWV1bL2wUN7e2d3ZLe/tNGaeC0AaJeSzaPpaUs4g2FFOcthNBcehz2vJHVzO/NaZCsji6U5OEeiEeRCxgBCst3Y57Tq9UtkwrB7JM99SpuhVNqs65azvIXljlyw/IUe+V3rr9mKQhjRThWMqObSXKy7BQjHA6LXZTSRNMRnhAO5pGOKTSy/JTp+hYK30UxEJXpFCufp/IcCjlJPR1Z4jVUP72ZuJfXidVwZmXsShJFY3IfFGQcqRiNPsb9ZmgRPGJJpgIpm9FZIgFJkqnU9QhfH2K/idNx7Rds3LjlmsX8zSgAIdwBCdgQxVqcA11aACBAdzDIzwZ3Hgwno2XeeuSsZg5gB8wXj8B8dePBQ==</latexit>

v3

<latexit sha1_base64="QcD3KNwN5LmaRsOhn6I8/V+C/pg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadldN0ZBMODFY0TzgGQJs5PZZMjsg5nZQAj5BC8eFPHqF3nzL/wEJ5sIKlrQUFR1093lJ5xJZVnvRm5peWV1Lb9e2Njc2t4p7u41ZJwKQusk5rFo+VhSziJaV0xx2koExaHPadMfXs385ogKyeLoTo0T6oW4H7GAEay0dDvqnnSLJcu0MiDLdE+dilvWpOKcu7aD7IVVuvyADLVu8a3Ti0ka0kgRjqVs21aivAkWihFOp4VOKmmCyRD3aVvTCIdUepPs1Ck60koPBbHQFSmUqd8nJjiUchz6ujPEaiB/ezPxL6+dquDMm7AoSRWNyHxRkHKkYjT7G/WYoETxsSaYCKZvRWSABSZKp1PQIXx9iv4nDce0XbN845aqF/M0IA8HcAjHYEMFqnANNagDgT7cwyM8Gdx4MJ6Nl3lrzljM7MMPGK+f81uPBg==</latexit>

1

<latexit sha1_base64="UpqyoAGHIHVy483LrocFjVclESQ=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuW7C20IYymU7asZMHMxOhhH6BGxeKuPWT3PkXfoLTtIKKHrhwOOde7r3HTziTyrLejcLS8srqWnG9tLG5tb1T3t27kXEqCG2RmMei42NJOYtoSzHFaScRFIc+p21/fDnz23dUSBZH12qSUC/Ew4gFjGClpabdL1cs08qBLNM9cWpuVZOac+baDrIXVuXiA3I0+uW33iAmaUgjRTiWsmtbifIyLBQjnE5LvVTSBJMxHtKuphEOqfSy/NApOtLKAAWx0BUplKvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVw6mUsSlJFIzJfFKQcqRjNvkYDJihRfKIJJoLpWxEZYYGJ0tmUdAhfn6L/yY1j2q5ZbbqV+vk8DSjCARzCMdhQgzpcQQNaQIDCPTzCk3FrPBjPxsu8tWAsZvbhB4zXT2Jbjhs=</latexit>

2

<latexit sha1_base64="VGUlB57Fh18Vkwmb1ycsklHIPyw=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuW7C20IYymU7asZMHMxOhhH6BGxeKuPWT3PkXfoLTtIKKHrhwOOde7r3HTziTyrLejcLS8srqWnG9tLG5tb1T3t27kXEqCG2RmMei42NJOYtoSzHFaScRFIc+p21/fDnz23dUSBZH12qSUC/Ew4gFjGClpabTL1cs08qBLNM9cWpuVZOac+baDrIXVuXiA3I0+uW33iAmaUgjRTiWsmtbifIyLBQjnE5LvVTSBJMxHtKuphEOqfSy/NApOtLKAAWx0BUplKvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVw6mUsSlJFIzJfFKQcqRjNvkYDJihRfKIJJoLpWxEZYYGJ0tmUdAhfn6L/yY1j2q5ZbbqV+vk8DSjCARzCMdhQgzpcQQNaQIDCPTzCk3FrPBjPxsu8tWAsZvbhB4zXT2Pfjhw=</latexit>

3

<latexit sha1_base64="0fiuAPNDNhbZms9XMB1ouIx/w3E=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNG6MgGPDiMQHzgGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzL/wEJ5sIKlrQUFR1093lxZxJZVnvRm5peWV1Lb9e2Njc2t4p7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbX8389h0VkkXhjZrE1A3wMGQ+I1hpqXHSL5Ys08qALNM5LVediibV8rljl5G9sEqXH5Ch3i++9QYRSQIaKsKxlF3bipWbYqEY4XRa6CWSxpiM8ZB2NQ1xQKWbZodO0ZFWBsiPhK5QoUz9PpHiQMpJ4OnOAKuR/O3NxL+8bqL8MzdlYZwoGpL5Ij/hSEVo9jUaMEGJ4hNNMBFM34rICAtMlM6moEP4+hT9T1pl03bMSsMp1S7maUAeDuAQjsGGKtTgGurQBAIU7uERnoxb48F4Nl7mrTljMbMPP2C8fgJlY44d</latexit>

1̄

<latexit sha1_base64="3YRWVlNIHuZqyDCmAaN9ZtydQgM=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuK9gHtKFMppN27OTBzEQoof/gxoUibv0fd/6Fn+A0raCiBy4czrmXe+/xE86ksqx3o7C0vLK6VlwvbWxube+Ud/daMk4FoU0S81h0fCwpZxFtKqY47SSC4tDntO2PL2d++44KyeLoRk0S6oV4GLGAEay01Or5WCC7X65YppUDWaZ74tTcqiY158y1HWQvrMrFB+Ro9MtvvUFM0pBGinAsZde2EuVlWChGOJ2WeqmkCSZjPKRdTSMcUull+bVTdKSVAQpioStSKFe/T2Q4lHIS+rozxGokf3sz8S+vm6rg1MtYlKSKRmS+KEg5UjGavY4GTFCi+EQTTATTtyIywgITpQMq6RC+PkX/k5Zj2q5ZvXYr9fN5GlCEAziEY7ChBnW4ggY0gcAt3MMjPBmx8WA8Gy/z1oKxmNmHHzBePwGwz4/+</latexit>

2̄

<latexit sha1_base64="H97gTj4tNqW7VLFToppDF8dvC18=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuK9gHtKFMppN27OTBzEQoof/gxoUibv0fd/6Fn+A0raCiBy4czrmXe+/xE86ksqx3o7C0vLK6VlwvbWxube+Ud/daMk4FoU0S81h0fCwpZxFtKqY47SSC4tDntO2PL2d++44KyeLoRk0S6oV4GLGAEay01Or5WCCnX65YppUDWaZ74tTcqiY158y1HWQvrMrFB+Ro9MtvvUFM0pBGinAsZde2EuVlWChGOJ2WeqmkCSZjPKRdTSMcUull+bVTdKSVAQpioStSKFe/T2Q4lHIS+rozxGokf3sz8S+vm6rg1MtYlKSKRmS+KEg5UjGavY4GTFCi+EQTTATTtyIywgITpQMq6RC+PkX/k5Zj2q5ZvXYr9fN5GlCEAziEY7ChBnW4ggY0gcAt3MMjPBmx8WA8Gy/z1oKxmNmHHzBePwGyU4//</latexit>

3̄

<latexit sha1_base64="ydYcaS4WOPA4gvjBLHK6MXNAKQc=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQxtQqCBTcuK9hWaEOZTCft2MmDmYlQQv/BjQtF3Po/7vwLP8FpWkFFD1w4nHMv997jJ5xJZVnvRmFhcWl5pbhaWlvf2Nwqb++0ZJwKQpsk5rG48bGknEW0qZji9CYRFIc+p21/dDH123dUSBZH12qcUC/Eg4gFjGClpVbXxwId9coVy7RyIMt0j52aW9Wk5py6toPsuVU5/4AcjV75rduPSRrSSBGOpezYVqK8DAvFCKeTUjeVNMFkhAe0o2mEQyq9LL92gg600kdBLHRFCuXq94kMh1KOQ193hlgN5W9vKv7ldVIVnHgZi5JU0YjMFgUpRypG09dRnwlKFB9rgolg+lZEhlhgonRAJR3C16fof9JyTNs1q1dupX42SwOKsAf7cAg21KAOl9CAJhC4hXt4hCcjNh6MZ+Nl1low5jO78APG6yez15AA</latexit>

x1

<latexit sha1_base64="oGMQV0fnMJvW16cqIQHirXFN0FY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKongx4MVjRPOAZAmzk9lkyOzsMtMrhpBP8OJBEa9+kTf/wk9wsslBEwsaiqpuuruCRAqDrvvl5JaWV1bX8uuFjc2t7Z3i7l7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4nviNB66NiNU9DhPuR7SnRCgYRSvdPXa8TrHklt0MZJF4M1K6+oYM1U7xs92NWRpxhUxSY1qem6A/ohoFk3xcaKeGJ5QNaI+3LFU04sYfZaeOyZFVuiSMtS2FJFN/T4xoZMwwCmxnRLFv5r2J+J/XSjG88EdCJSlyxaaLwlQSjMnkb9IVmjOUQ0so08LeSlifasrQplOwIXjzLy+S+knZOy2f3Z6WKpfTNCAPB3AIx+DBOVTgBqpQAwY9eIIXeHWk8+y8Oe/T1pwzm9mHP3A+fgCm447P</latexit>

x2

<latexit sha1_base64="b8v0pconujFe+hStGRSFYbBlZjo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiOLFgBePEc0DkiXMTmaTITOzy8ysGJZ8ghcPinj1i7z5F36Ck00OmljQUFR1090VxJxp47pfTm5ldW19I79Z2Nre2d0r7h80dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG11O/9UCVZpG8N+OY+gIPJAsZwcZKd4+9Sq9YcstuBrRMvDkpXX1Dhnqv+NntRyQRVBrCsdYdz42Nn2JlGOF0UugmmsaYjPCAdiyVWFDtp9mpE3RilT4KI2VLGpSpvydSLLQei8B2CmyGetGbiv95ncSEF37KZJwYKslsUZhwZCI0/Rv1maLE8LElmChmb0VkiBUmxqZTsCF4iy8vk2al7FXLZ7fVUu1ylgbk4QiO4RQ8OIca3EAdGkBgAE/wAq8Od56dN+d91ppz5jOH8AfOxw+oZ47Q</latexit>

x6

<latexit sha1_base64="rnXxApp6SpYzbiOq/HT3mWJBZ9g=">AAAB6nicbVDLSgNBEOyJrxhfUY9eBoPgKexKfODFgBePEc0DkiXMTmaTIbOzy8ysGJZ8ghcPinj1i7z5F36Ck00OmljQUFR1093lx4Jr4zhfKLe0vLK6ll8vbGxube8Ud/caOkoUZXUaiUi1fKKZ4JLVDTeCtWLFSOgL1vSH1xO/+cCU5pG8N6OYeSHpSx5wSoyV7h67Z91iySk7GfAicWekdPUNGWrd4menF9EkZNJQQbRuu05svJQow6lg40In0SwmdEj6rG2pJCHTXpqdOsZHVunhIFK2pMGZ+nsiJaHWo9C3nSExAz3vTcT/vHZiggsv5TJODJN0uihIBDYRnvyNe1wxasTIEkIVt7diOiCKUGPTKdgQ3PmXF0njpOxWyqe3lVL1cpoG5OEADuEYXDiHKtxADepAoQ9P8AKvSKBn9Ibep605NJvZhz9AHz+ud47U</latexit>

v1

<latexit sha1_base64="S/HM2Z62+SmTk8MzgPojP1ubY3s=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSSkVkGw4MZlRfuANpTJdNIOnTyYmRRK6Ce4caGIW7/InX/hJzhNK6jogQuHc+7l3nv8hDOpLOvdWFpeWV1bL2wUN7e2d3ZLe/tNGaeC0AaJeSzaPpaUs4g2FFOcthNBcehz2vJHVzO/NaZCsji6U5OEeiEeRCxgBCst3Y57dq9UtkwrB7JM99SpuhVNqs65azvIXljlyw/IUe+V3rr9mKQhjRThWMqObSXKy7BQjHA6LXZTSRNMRnhAO5pGOKTSy/JTp+hYK30UxEJXpFCufp/IcCjlJPR1Z4jVUP72ZuJfXidVwZmXsShJFY3IfFGQcqRiNPsb9ZmgRPGJJpgIpm9FZIgFJkqnU9QhfH2K/idNx7Rds3LjlmsX8zSgAIdwBCdgQxVqcA11aACBAdzDIzwZ3Hgwno2XeeuSsZg5gB8wXj8B8FOPBA==</latexit>

v2

<latexit sha1_base64="jmD1CKdCJ/LZc2rOhHg2VvNQ72Y=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSSkVkGw4MZlRfuANpTJdNIOnTyYmRRK6Ce4caGIW7/InX/hJzhNK6jogQuHc+7l3nv8hDOpLOvdWFpeWV1bL2wUN7e2d3ZLe/tNGaeC0AaJeSzaPpaUs4g2FFOcthNBcehz2vJHVzO/NaZCsji6U5OEeiEeRCxgBCst3Y57Tq9UtkwrB7JM99SpuhVNqs65azvIXljlyw/IUe+V3rr9mKQhjRThWMqObSXKy7BQjHA6LXZTSRNMRnhAO5pGOKTSy/JTp+hYK30UxEJXpFCufp/IcCjlJPR1Z4jVUP72ZuJfXidVwZmXsShJFY3IfFGQcqRiNPsb9ZmgRPGJJpgIpm9FZIgFJkqnU9QhfH2K/idNx7Rds3LjlmsX8zSgAIdwBCdgQxVqcA11aACBAdzDIzwZ3Hgwno2XeeuSsZg5gB8wXj8B8dePBQ==</latexit>

v3

<latexit sha1_base64="QcD3KNwN5LmaRsOhn6I8/V+C/pg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadldN0ZBMODFY0TzgGQJs5PZZMjsg5nZQAj5BC8eFPHqF3nzL/wEJ5sIKlrQUFR1093lJ5xJZVnvRm5peWV1Lb9e2Njc2t4p7u41ZJwKQusk5rFo+VhSziJaV0xx2koExaHPadMfXs385ogKyeLoTo0T6oW4H7GAEay0dDvqnnSLJcu0MiDLdE+dilvWpOKcu7aD7IVVuvyADLVu8a3Ti0ka0kgRjqVs21aivAkWihFOp4VOKmmCyRD3aVvTCIdUepPs1Ck60koPBbHQFSmUqd8nJjiUchz6ujPEaiB/ezPxL6+dquDMm7AoSRWNyHxRkHKkYjT7G/WYoETxsSaYCKZvRWSABSZKp1PQIXx9iv4nDce0XbN845aqF/M0IA8HcAjHYEMFqnANNagDgT7cwyM8Gdx4MJ6Nl3lrzljM7MMPGK+f81uPBg==</latexit>

C

<latexit sha1_base64="noEt6mNokBbhZCDj9nMm5GYBY1o=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmayGAOCgVw8JmAWSIbQ0+lJ2vQsdPcIYcgXePGgiFc/yZt/4SfYmSio6IOCx3tVVNVzI86ksqw3I7Oyura+kd3MbW3v7O7l9w86MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOtOGwu/e0uFZGFwrWYRdXw8DpjHCFZaajWG+YJlVmt20a4hy7TOypVKURO7aNVKJWSbVorC5TukaA7zr4NRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfU0D7FPpJOmhc3SilRHyQqErUChVv08k2Jdy5ru608dqIn97C/Evrx8r79xJWBDFigZkuciLOVIhWnyNRkxQovhME0wE07ciMsECE6WzyekQvj5F/5NO0bTLZqVVLtQvlmlAFo7gGE7BhirU4Qqa0AYCFO7gAR6NG+PeeDKel60Z43PmEH7AePkAlfiOPQ==</latexit>

Each matrix is defined up to an GL(n) transformation. 

Integrating over the Grassmannian gives

 n(⇤) =

Z
dC

GL(n)
�(C ·Q · CT ) n(C · ⇤)

<latexit sha1_base64="2nSI4pklpR3efpgHDeFzpGEo+vA="></latexit>



Momentum Conservation

 n(C · ⇤) = �(C · ⇤)An(C)

<latexit sha1_base64="Xq8xHg/PC1mpsyytnIkunaePENY="></latexit>

What about momentum conservation?  n / �(⇤T ·Q · ⇤)

<latexit sha1_base64="4bWMG5mFF7ivr83vYbkg8aEc79k=">AAACHnicbVDLSgMxFL3js9ZX1aWbYBF0U2akRXcW3Lhw0YJVoVNLJpNqMJMMyR2hlH6JG3/FjQtFBFf6F36C6WOhrQdCDufce5N7olQKi77/5c3Mzs0vLOaW8ssrq2vrhY3NC6szw3iDaanNVUQtl0LxBgqU/Co1nCaR5JfR3cnAv7znxgqtzrGb8lZCb5ToCEbRSe1CJaxZ0VYkTI1OUZMw5hLpXnjmRsT0+pyELNZI6qNrLO+3C0W/5A9BpkkwJsXjbxii1i58hLFmWcIVMkmtbQZ+iq0eNSiY5P18mFmeUnZHb3jTUUUTblu94Xp9suuUmHS0cUchGaq/O3o0sbabRK4yoXhrJ72B+J/XzLBz1OoJlWbIFRs91MkkcTkMsiKxMJyh7DpCmRHur4TdUkMZukTzLoRgcuVpcnFQCsqlSr1crFZHaUAOtmEH9iCAQ6jCKdSgAQwe4Ale4NV79J69N+99VDrjjXu24A+8zx+HJKLn</latexit>

Let:

Orthogonal  
2-planes

C

<latexit sha1_base64="noEt6mNokBbhZCDj9nMm5GYBY1o=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmayGAOCgVw8JmAWSIbQ0+lJ2vQsdPcIYcgXePGgiFc/yZt/4SfYmSio6IOCx3tVVNVzI86ksqw3I7Oyura+kd3MbW3v7O7l9w86MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOtOGwu/e0uFZGFwrWYRdXw8DpjHCFZaajWG+YJlVmt20a4hy7TOypVKURO7aNVKJWSbVorC5TukaA7zr4NRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfU0D7FPpJOmhc3SilRHyQqErUChVv08k2Jdy5ru608dqIn97C/Evrx8r79xJWBDFigZkuciLOVIhWnyNRkxQovhME0wE07ciMsECE6WzyekQvj5F/5NO0bTLZqVVLtQvlmlAFo7gGE7BhirU4Qqa0AYCFO7gAR6NG+PeeDKel60Z43PmEH7AePkAlfiOPQ==</latexit>

⇤

<latexit sha1_base64="1JQllpzXIH5GOx5yws3srfdRoSY=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQltbqy6MaFiwr2AW0ok8mkHTp5MDMRSuhHuHGhiFu/x51/4Sc4TSuo6IGBwznnMvceL+FMKst6NwpLyyura8X10sbm1vZOeXevLeNUENoiMY9F18OSchbRlmKK024iKA49Tjve+HLmd+6okCyObtUkoW6IhxELGMFKS53+tY76eFCuWKaVA1mmc1KtOzVN6tUzx64ie2FVzj8gR3NQfuv7MUlDGinCsZQ920qUm2GhGOF0WuqnkiaYjPGQ9jSNcEilm+XrTtGRVnwUxEK/SKFc/T6R4VDKSejpZIjVSP72ZuJfXi9VwambsShJFY3I/KMg5UjFaHY78pmgRPGJJpgIpndFZIQFJko3VNIlfF2K/iftqmk7Zu3GqTQu5m1AEQ7gEI7Bhjo04Aqa0AICY7iHR3gyEuPBeDZe5tGCsZjZhx8wXj8B9SKQyQ==</latexit>

C? = Q · CT

<latexit sha1_base64="rvh9ylcQr4mRjyvsVZPEf6aMlIE=">AAAB/nicdVDJSgNBEK1xjXEbFU9eGoPgaZjJYgwoBnLxmEA2yEZPp5M06Vno7hHCEPBXvHhQxKvf4c2/8BPsJAoq+qDg8V4VVfXckDOpbPvNWFpeWV1bT2wkN7e2d3bNvf26DCJBaI0EPBBNF0vKmU9riilOm6Gg2HM5bbjj0sxv3FAhWeBX1SSkHQ8PfTZgBCst9czDUrcdUhGiS1RBbdIPFCp1qz0zZVv5gpN2Csi27LNsLpfWxEnbhUwGOZY9R+rqHeYo98zXdj8gkUd9RTiWsuXYoerEWChGOJ0m25GkISZjPKQtTX3sUdmJ5+dP0YlW+mgQCF2+QnP1+0SMPSknnqs7PaxG8rc3E//yWpEanHdi5oeRoj5ZLBpEHKkAzbJAfSYoUXyiCSaC6VsRGWGBidKJJXUIX5+i/0k9bTlZK1fJpooXizQgAUdwDKfgQB6KcA1lqAGBGO7gAR6NW+PeeDKeF61LxufMAfyA8fIBB/uVsA==</latexit>

v1

<latexit sha1_base64="FUmYHB6omUcUtnoTM5NZbN1VQg8=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSSkVjdacOOyon1AG8pkOmmHTh7MTAol9BPcuFDErV/kzr/wE5ymFVT0wIXDOfdy7z1+wplUlvVuLC2vrK6tFzaKm1vbO7ulvf2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmjq5nfGlMhWRzdqUlCvRAPIhYwgpWWbsc9u1cqW6aVA1mme+pU3YomVefctR1kL6zy5QfkqPdKb91+TNKQRopwLGXHthLlZVgoRjidFruppAkmIzygHU0jHFLpZfmpU3SslT4KYqErUihXv09kOJRyEvq6M8RqKH97M/Evr5Oq4MzLWJSkikZkvihIOVIxmv2N+kxQovhEE0wE07ciMsQCE6XTKeoQvj5F/5OmY9quWblxy7WLeRpQgEM4ghOwoQo1uIY6NIDAAO7hEZ4MbjwYz8bLvHXJWMwcwA8Yr5/w7Y8G</latexit>

⇤ ⌘

2

6666666664

�1
1 �2

1
...

...
�1
n �2

n

�̄1
1 �̄2

1
...

...
�̄1
n �̄2

n

3

7777777775

<latexit sha1_base64="tkPSxXgAhBIfR0+mHqz8Z99gNZQ="></latexit>

v2

<latexit sha1_base64="nofslkoAtHcKWdGOlN+GQxCvmqI=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSSkVjdacOOyon1AG8pkOmmHTh7MTAol9BPcuFDErV/kzr/wE5ymFVT0wIXDOfdy7z1+wplUlvVuLC2vrK6tFzaKm1vbO7ulvf2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmjq5nfGlMhWRzdqUlCvRAPIhYwgpWWbsc9p1cqW6aVA1mme+pU3YomVefctR1kL6zy5QfkqPdKb91+TNKQRopwLGXHthLlZVgoRjidFruppAkmIzygHU0jHFLpZfmpU3SslT4KYqErUihXv09kOJRyEvq6M8RqKH97M/Evr5Oq4MzLWJSkikZkvihIOVIxmv2N+kxQovhEE0wE07ciMsQCE6XTKeoQvj5F/5OmY9quWblxy7WLeRpQgEM4ghOwoQo1uIY6NIDAAO7hEZ4MbjwYz8bLvHXJWMwcwA8Yr5/ycY8H</latexit>

1

<latexit sha1_base64="z6pgj45v4yeVyTKwLt8DSIVptjI=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQhtbrRghuXLVhbaEOZTCft2MmDmYlQQr/AjQtF3PpJ7vwLP8FpWkFFD1w4nHMv997jJ5xJZVnvRmFpeWV1rbhe2tjc2t4p7+7dyDgVhLZIzGPR8bGknEW0pZjitJMIikOf07Y/vpz57TsqJIujazVJqBfiYcQCRrDSUtPulyuWaeVAlumeODW3qknNOXNtB9kLq3LxATka/fJbbxCTNKSRIhxL2bWtRHkZFooRTqelXippgskYD2lX0wiHVHpZfugUHWllgIJY6IoUytXvExkOpZyEvu4MsRrJ395M/Mvrpio49TIWJamiEZkvClKOVIxmX6MBE5QoPtEEE8H0rYiMsMBE6WxKOoSvT9H/5MYxbdesNt1K/XyeBhThAA7hGGyoQR2uoAEtIEDhHh7hybg1Hoxn42XeWjAWM/vwA8brJ2L1jh0=</latexit>

n

<latexit sha1_base64="FJHVX6nRMpLgZIqNdX0iaT7zWXs=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQhtbrRghuXLVhbaEuZTCft2MkkzEyEEvoFblwo4tZPcudf+AlOH4KKHrhwOOde7r0nSDhT2nHerdzS8srqWn69sLG5tb1T3N27UXEqCW2QmMeyFWBFORO0oZnmtJVIiqOA02Ywupz6zTsqFYvFtR4ntBvhgWAhI1gbqS56xZJjOzMgx/ZPvIpfNqTinfmuh9yFVbr4gBlqveJbpx+TNKJCE46VartOorsZlpoRTieFTqpogskID2jbUIEjqrrZ7NAJOjJKH4WxNCU0mqnfJzIcKTWOAtMZYT1Uv72p+JfXTnV42s2YSFJNBZkvClOOdIymX6M+k5RoPjYEE8nMrYgMscREm2wKJoSvT9H/5MazXd8u1/1S9XyeBuThAA7hGFyoQBWuoAYNIEDhHh7hybq1Hqxn62XemrMWM/vwA9brJ79pjlo=</latexit>

··
·

<latexit sha1_base64="4Xoy9CTIowtZmBq1MWdYkOZDqks=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQltbrRghuXFewD2lImk0k7dpIJMxOhhP6DGxeKuPV/3PkXfoLTh6CiBy4czrmXe+/xE86Udpx3K7e0vLK6ll8vbGxube8Ud/eaSqSS0AYRXMi2jxXlLKYNzTSn7URSHPmctvzR5dRv3VGpmIhv9DihvQgPYhYygrWRml0SCK36xZJjOzMgx/ZOylWvYki1fOa5ZeQurNLFB8xQ7xffuoEgaURjTThWquM6ie5lWGpGOJ0UuqmiCSYjPKAdQ2McUdXLZtdO0JFRAhQKaSrWaKZ+n8hwpNQ48k1nhPVQ/fam4l9eJ9XhaS9jcZJqGpP5ojDlSAs0fR0FTFKi+dgQTCQztyIyxBITbQIqmBC+PkX/k2bZdj27cu2VaufzNCAPB3AIx+BCFWpwBXVoAIFbuIdHeLKE9WA9Wy/z1py1mNmHH7BePwGWr5CX</latexit>

1̄

<latexit sha1_base64="bG+baP83Sm6VWJci9sfIxMsbew4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQhtbrRghuXFewD2lAm00k7dvJgZiKU0H9w40IRt/6PO//CT3CaVlDRAxcO59zLvff4CWdSWda7UVhaXlldK66XNja3tnfKu3stGaeC0CaJeSw6PpaUs4g2FVOcdhJBcehz2vbHlzO/fUeFZHF0oyYJ9UI8jFjACFZaavV8LJDdL1cs08qBLNM9cWpuVZOac+baDrIXVuXiA3I0+uW33iAmaUgjRTiWsmtbifIyLBQjnE5LvVTSBJMxHtKuphEOqfSy/NopOtLKAAWx0BUplKvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVw6mUsSlJFIzJfFKQcqRjNXkcDJihRfKIJJoLpWxEZYYGJ0gGVdAhfn6L/ScsxbdesXruV+vk8DSjCARzCMdhQgzpcQQOaQOAW7uERnozYeDCejZd5a8FYzOzDDxivn7FpkAA=</latexit>

n̄

<latexit sha1_base64="HqfwNJM+zVNFjpFjyyxgc4I+xRg=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadkNG6MXDXjxGME8IAlhdjJJxszOLDOzQgj5By8eFPHq/3jzL/wEJ5sIKlrQUFR1090Vxpxp43nvTmZpeWV1Lbue29jc2t7J7+7VtUwUoTUiuVTNEGvKmaA1wwynzVhRHIWcNsLR5cxv3FGlmRQ3ZhzTToQHgvUZwcZK9XaIFRLdfMFzvRTIc4OTYjkoWVIungV+EfkLq3DxASmq3fxbuydJElFhCMdat3wvNp0JVoYRTqe5dqJpjMkID2jLUoEjqjuT9NopOrJKD/WlsiUMStXvExMcaT2OQtsZYTPUv72Z+JfXSkz/tDNhIk4MFWS+qJ9wZCSavY56TFFi+NgSTBSztyIyxAoTYwPK2RC+PkX/k3rR9QO3dB0UKufzNCALB3AIx+BDGSpwBVWoAYFbuIdHeHKk8+A8Oy/z1oyzmNmHH3BePwEN7JA9</latexit>

··
·

<latexit sha1_base64="4Xoy9CTIowtZmBq1MWdYkOZDqks=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQltbrRghuXFewD2lImk0k7dpIJMxOhhP6DGxeKuPV/3PkXfoLTh6CiBy4czrmXe+/xE86Udpx3K7e0vLK6ll8vbGxube8Ud/eaSqSS0AYRXMi2jxXlLKYNzTSn7URSHPmctvzR5dRv3VGpmIhv9DihvQgPYhYygrWRml0SCK36xZJjOzMgx/ZOylWvYki1fOa5ZeQurNLFB8xQ7xffuoEgaURjTThWquM6ie5lWGpGOJ0UuqmiCSYjPKAdQ2McUdXLZtdO0JFRAhQKaSrWaKZ+n8hwpNQ48k1nhPVQ/fam4l9eJ9XhaS9jcZJqGpP5ojDlSAs0fR0FTFKi+dgQTCQztyIyxBITbQIqmBC+PkX/k2bZdj27cu2VaufzNCAPB3AIx+BCFWpwBXVoAIFbuIdHeLKE9WA9Wy/z1py1mNmHH7BePwGWr5CX</latexit>



Grassmannian Correlators
We have arrived at an integral representation of conformal correlators:

 n(⇤) =

Z
dC �(C ·Q · CT ) �(C · ⇤)An(C)

<latexit sha1_base64="epjIzCHnytB1xlJ5egI1Bo0uHZY="></latexit>
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Grassmannian Correlators
We have arrived at an integral representation of conformal correlators:

Momentum 
space

Grassmannian 
 space

BeautifulUgly

 n(⇤) =

Z
dC �(C ·Q · CT ) �(C · ⇤)An(C)

<latexit sha1_base64="epjIzCHnytB1xlJ5egI1Bo0uHZY="></latexit>



Grassmannian Correlators
We have arrived at an integral representation of conformal correlators:

Three-point functions are fixed by kinematics

3+

<latexit sha1_base64="Le49qNiPNBMniX65/LJTEbcodk0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexqRA+CAS8eI5oHJGuYncwmQ2Zml5lZISz5BC8eFPHqF3nzL/wEJ5scNLGgoajqprsriDnTxnW/nIXFpeWV1dxafn1jc2u7sLNb11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXI/9xiNVmkXy3gxj6gvckyxkBBsr3Z0+HHcKRbfkZkDzxJuS4tU3ZKh2Cp/tbkQSQaUhHGvd8tzY+ClWhhFOR/l2ommMyQD3aMtSiQXVfpqdOkKHVumiMFK2pEGZ+nsixULroQhsp8Cmr2e9sfif10pMeOGnTMaJoZJMFoUJRyZC479RlylKDB9agoli9lZE+lhhYmw6eRuCN/vyPKmflLxy6ey2XKxcTtKAHOzDARyBB+dQgRuoQg0I9OAJXuDV4c6z8+a8T1oXnOnMHvyB8/EDM8KOhQ==</latexit>

2+

<latexit sha1_base64="pm74L434CeqByMIKkouhA2BtHRg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIeyGiB4EA148RjQPSNYwO5lNhszOLDOzQljyCV48KOLVL/LmX/gJTjY5aGJBQ1HVTXdXEHOmjet+OUvLK6tr67mN/ObW9s5uYW+/oWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMryd+85EqzaS4N6OY+hHuCxYygo2V7soPp91C0S25GdAi8WakePUNGWrdwmenJ0kSUWEIx1q3PTc2foqVYYTTcb6TaBpjMsR92rZU4IhqP81OHaNjq/RQKJUtYVCm/p5IcaT1KApsZ4TNQM97E/E/r52Y8MJPmYgTQwWZLgoTjoxEk79RjylKDB9Zgoli9lZEBlhhYmw6eRuCN//yImmUS16ldHZbKVYvp2lADg7hCE7Ag3Oowg3UoA4E+vAEL/DqcOfZeXPep61LzmzmAP7A+fgBMjyOhA==</latexit>

1+

<latexit sha1_base64="L5I+IzS3pey9JQ7Dt0O06nuekc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoQDHjxGNE8IFnD7GQ2GTI7s8zMCmHJJ3jxoIhXv8ibf+EnONnkoIkFDUVVN91dQcyZNq775eSWlldW1/LrhY3Nre2d4u5eQ8tEEVonkkvVCrCmnAlaN8xw2ooVxVHAaTMYXk/85iNVmklxb0Yx9SPcFyxkBBsr3XkPJ91iyS27GdAi8WakdPUNGWrd4menJ0kSUWEIx1q3PTc2foqVYYTTcaGTaBpjMsR92rZU4IhqP81OHaMjq/RQKJUtYVCm/p5IcaT1KApsZ4TNQM97E/E/r52Y8MJPmYgTQwWZLgoTjoxEk79RjylKDB9Zgoli9lZEBlhhYmw6BRuCN//yImmclr1K+ey2UqpeTtOAPBzAIRyDB+dQhRuoQR0I9OEJXuDV4c6z8+a8T1tzzmxmH/7A+fgBMLaOgw==</latexit>

=
1

c12c23c31

<latexit sha1_base64="o9aNwY2QIdyg3hJ2SYkce+4PvS8=">AAACCnicbVC7SgNBFL0bXzG+Vi1tRoNgFXaTiDZqwMYygnlANoTZyWwyZPbBzKwQlq1t/BUbC0Vs/QI7/8JPcLJJoYkHhns4517u3ONGnEllWV9Gbml5ZXUtv17Y2Nza3jF395oyjAWhDRLyULRdLClnAW0opjhtR4Ji3+W05Y6uJ37rngrJwuBOjSPa9fEgYB4jWGmpZx5eOMjxBCaJnSakl9jlFOlSrmSlYqdpzyxaJSsDWiT2jBSvviFDvWd+Ov2QxD4NFOFYyo5tRaqbYKEY4TQtOLGkESYjPKAdTQPsU9lNslNSdKyVPvJCoV+gUKb+nkiwL+XYd3Wnj9VQznsT8T+vEyvvvJuwIIoVDch0kRdzpEI0yQX1maBE8bEmmAim/4rIEOtglE6voEOw509eJM1yya6WTm+rxdrlNA3IwwEcwQnYcAY1uIE6NIDAAzzBC7waj8az8Wa8T1tzxmxmH/7A+PgB7jKalA==</latexit>

For higher-point functions, we need extra input from dynamics.

YM

Momentum 
space

Grassmannian 
 space

Beautiful

 n(⇤) =

Z
dC �(C ·Q · CT ) �(C · ⇤)An(C)

<latexit sha1_base64="epjIzCHnytB1xlJ5egI1Bo0uHZY="></latexit>



Dynamics



S ⌘ c14c23 � c13c24 = (11̄22̄)

T ⌘ c12c34 � c13c24 = (11̄44̄)

U ⌘ c12c34 + c14c23 = (11̄33̄)

<latexit sha1_base64="nMPS8anSasfpLXxtypG5ZJqPB7s="></latexit>

Mandelstam Variables
At four points, the correlator depends on Mandelstam-like variables:

Minors

C =

2

664

1 0 0 0 0 c12 c13 c14
0 1 0 0 �c12 0 c23 c24
0 0 1 0 �c13 �c23 0 c34
0 0 0 1 �c14 �c24 �c34 0

3

775 2 OGr(4, 8)

<latexit sha1_base64="lnZCkCcp17MwxljUsG+XRvD1Q8c="></latexit>

1

<latexit sha1_base64="UpqyoAGHIHVy483LrocFjVclESQ=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuW7C20IYymU7asZMHMxOhhH6BGxeKuPWT3PkXfoLTtIKKHrhwOOde7r3HTziTyrLejcLS8srqWnG9tLG5tb1T3t27kXEqCG2RmMei42NJOYtoSzHFaScRFIc+p21/fDnz23dUSBZH12qSUC/Ew4gFjGClpabdL1cs08qBLNM9cWpuVZOac+baDrIXVuXiA3I0+uW33iAmaUgjRTiWsmtbifIyLBQjnE5LvVTSBJMxHtKuphEOqfSy/NApOtLKAAWx0BUplKvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVw6mUsSlJFIzJfFKQcqRjNvkYDJihRfKIJJoLpWxEZYYGJ0tmUdAhfn6L/yY1j2q5ZbbqV+vk8DSjCARzCMdhQgzpcQQNaQIDCPTzCk3FrPBjPxsu8tWAsZvbhB4zXT2Jbjhs=</latexit>

2

<latexit sha1_base64="VGUlB57Fh18Vkwmb1ycsklHIPyw=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuW7C20IYymU7asZMHMxOhhH6BGxeKuPWT3PkXfoLTtIKKHrhwOOde7r3HTziTyrLejcLS8srqWnG9tLG5tb1T3t27kXEqCG2RmMei42NJOYtoSzHFaScRFIc+p21/fDnz23dUSBZH12qSUC/Ew4gFjGClpabTL1cs08qBLNM9cWpuVZOac+baDrIXVuXiA3I0+uW33iAmaUgjRTiWsmtbifIyLBQjnE5LvVTSBJMxHtKuphEOqfSy/NApOtLKAAWx0BUplKvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVw6mUsSlJFIzJfFKQcqRjNvkYDJihRfKIJJoLpWxEZYYGJ0tmUdAhfn6L/yY1j2q5ZbbqV+vk8DSjCARzCMdhQgzpcQQNaQIDCPTzCk3FrPBjPxsu8tWAsZvbhB4zXT2Pfjhw=</latexit>

3

<latexit sha1_base64="0fiuAPNDNhbZms9XMB1ouIx/w3E=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNG6MgGPDiMQHzgGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzL/wEJ5sIKlrQUFR1093lxZxJZVnvRm5peWV1Lb9e2Njc2t4p7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbX8389h0VkkXhjZrE1A3wMGQ+I1hpqXHSL5Ys08qALNM5LVediibV8rljl5G9sEqXH5Ch3i++9QYRSQIaKsKxlF3bipWbYqEY4XRa6CWSxpiM8ZB2NQ1xQKWbZodO0ZFWBsiPhK5QoUz9PpHiQMpJ4OnOAKuR/O3NxL+8bqL8MzdlYZwoGpL5Ij/hSEVo9jUaMEGJ4hNNMBFM34rICAtMlM6moEP4+hT9T1pl03bMSsMp1S7maUAeDuAQjsGGKtTgGurQBAIU7uERnoxb48F4Nl7mrTljMbMPP2C8fgJlY44d</latexit>

1̄

<latexit sha1_base64="3YRWVlNIHuZqyDCmAaN9ZtydQgM=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuK9gHtKFMppN27OTBzEQoof/gxoUibv0fd/6Fn+A0raCiBy4czrmXe+/xE86ksqx3o7C0vLK6VlwvbWxube+Ud/daMk4FoU0S81h0fCwpZxFtKqY47SSC4tDntO2PL2d++44KyeLoRk0S6oV4GLGAEay01Or5WCC7X65YppUDWaZ74tTcqiY158y1HWQvrMrFB+Ro9MtvvUFM0pBGinAsZde2EuVlWChGOJ2WeqmkCSZjPKRdTSMcUull+bVTdKSVAQpioStSKFe/T2Q4lHIS+rozxGokf3sz8S+vm6rg1MtYlKSKRmS+KEg5UjGavY4GTFCi+EQTTATTtyIywgITpQMq6RC+PkX/k5Zj2q5ZvXYr9fN5GlCEAziEY7ChBnW4ggY0gcAt3MMjPBmx8WA8Gy/z1oKxmNmHHzBePwGwz4/+</latexit>

2̄

<latexit sha1_base64="H97gTj4tNqW7VLFToppDF8dvC18=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuK9gHtKFMppN27OTBzEQoof/gxoUibv0fd/6Fn+A0raCiBy4czrmXe+/xE86ksqx3o7C0vLK6VlwvbWxube+Ud/daMk4FoU0S81h0fCwpZxFtKqY47SSC4tDntO2PL2d++44KyeLoRk0S6oV4GLGAEay01Or5WCCnX65YppUDWaZ74tTcqiY158y1HWQvrMrFB+Ro9MtvvUFM0pBGinAsZde2EuVlWChGOJ2WeqmkCSZjPKRdTSMcUull+bVTdKSVAQpioStSKFe/T2Q4lHIS+rozxGokf3sz8S+vm6rg1MtYlKSKRmS+KEg5UjGavY4GTFCi+EQTTATTtyIywgITpQMq6RC+PkX/k5Zj2q5ZvXYr9fN5GlCEAziEY7ChBnW4ggY0gcAt3MMjPBmx8WA8Gy/z1oKxmNmHHzBePwGyU4//</latexit>

3̄

<latexit sha1_base64="ydYcaS4WOPA4gvjBLHK6MXNAKQc=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQxtQqCBTcuK9hWaEOZTCft2MmDmYlQQv/BjQtF3Po/7vwLP8FpWkFFD1w4nHMv997jJ5xJZVnvRmFhcWl5pbhaWlvf2Nwqb++0ZJwKQpsk5rG48bGknEW0qZji9CYRFIc+p21/dDH123dUSBZH12qcUC/Eg4gFjGClpVbXxwId9coVy7RyIMt0j52aW9Wk5py6toPsuVU5/4AcjV75rduPSRrSSBGOpezYVqK8DAvFCKeTUjeVNMFkhAe0o2mEQyq9LL92gg600kdBLHRFCuXq94kMh1KOQ193hlgN5W9vKv7ldVIVnHgZi5JU0YjMFgUpRypG09dRnwlKFB9rgolg+lZEhlhgonRAJR3C16fof9JyTNs1q1dupX42SwOKsAf7cAg21KAOl9CAJhC4hXt4hCcjNh6MZ+Nl1low5jO78APG6yez15AA</latexit>

4̄

<latexit sha1_base64="TaQlm+5D4VJm+QL/Wl1zklsMg7E=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiQhtQqCBTcuK9gHtKFMppN27OTBzEQoof/gxoUibv0fd/6Fn+A0raCiBy4czrmXe+/xE86ksqx3o7C0vLK6VlwvbWxube+Ud/daMk4FoU0S81h0fCwpZxFtKqY47SSC4tDntO2PL2d++44KyeLoRk0S6oV4GLGAEay01Or5WCC3X65YppUDWaZ74tTcqiY158y1HWQvrMrFB+Ro9MtvvUFM0pBGinAsZde2EuVlWChGOJ2WeqmkCSZjPKRdTSMcUull+bVTdKSVAQpioStSKFe/T2Q4lHIS+rozxGokf3sz8S+vm6rg1MtYlKSKRmS+KEg5UjGavY4GTFCi+EQTTATTtyIywgITpQMq6RC+PkX/k5Zj2q5ZvXYr9fN5GlCEAziEY7ChBnW4ggY0gcAt3MMjPBmx8WA8Gy/z1oKxmNmHHzBePwG1W5AB</latexit>

4

<latexit sha1_base64="S276O4BhVQCcDeyEPHxbKeEeiCQ=">AAAB5HicdVDLSsNAFL2prxpf1a2bwSK4CklIrYJgwY3LCvYBbSiT6aQdO3kwMxFK6Be4caG49Zvc+Rd+gtO0gooeuHA4517uvSdIOZPKtt+N0srq2vpGedPc2t7Z3auY+22ZZILQFkl4IroBlpSzmLYUU5x2U0FxFHDaCSZXc79zT4VkSXyrpin1IzyKWcgIVlq68QaVqm3ZBZBteadu3atpUnfPPcdFztKqXn5Ageag8tYfJiSLaKwIx1L2HDtVfo6FYoTTmdnPJE0xmeAR7Wka44hKPy8OnaFjrQxRmAhdsUKF+n0ix5GU0yjQnRFWY/nbm4t/eb1MhWd+zuI0UzQmi0VhxpFK0PxrNGSCEsWnmmAimL4VkTEWmCidjalD+PoU/U/aruV4Vq3auFhkAWU4hCM4AQfq0IBraEILCFB4gCd4Nu6MR+Nl0VgylhMH8APG6yf23oz0</latexit>



S ⌘ c14c23 � c13c24 = (11̄22̄)

T ⌘ c12c34 � c13c24 = (11̄44̄)

U ⌘ c12c34 + c14c23 = (11̄33̄)

<latexit sha1_base64="nMPS8anSasfpLXxtypG5ZJqPB7s="></latexit>

Mandelstam Variables
At four points, the correlator depends on Mandelstam-like variables:

Unlike in flat space: S + T + U 6= 0

<latexit sha1_base64="XrV+IwzpUCMy2OdBkPhJJ2SzUb4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBZBKJREKnqz4MVjxaYtpKFstpt26WYTdjdCCf0ZXjwo4tVf481/4U9wm/agrQ8GHu/NMDMvSDhT2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVhLok5rHsBlhRzgR1NdOcdhNJcRRw2gnGtzO/80ilYrFo6UlC/QgPBQsZwdpI3kO1VXVRT1Bk98sVu2bnQKvEWZDKzTfkaPbLn71BTNKICk04Vspz7ET7GZaaEU6npV6qaILJGA+pZ6jAEVV+lp88RWdGGaAwlqaERrn6eyLDkVKTKDCdEdYjtezNxP88L9XhtZ8xkaSaCjJfFKYc6RjN/kcDJinRfGIIJpKZWxEZYYmJNimVTAjO8surpH1Rc+q1y/t6pdGYpwFFOIFTOAcHrqABd9AEFwjE8AQv8Gpp69l6s97nrQVrMXMMf2B9/ADDCpEO</latexit>

An interesting constraint is

We call this the flat-space limit.

1

S + T + U

<latexit sha1_base64="Dy5uRiXq/n8Yyq+cLTcoFd1P4Dg=">AAAB+HicbVDLSsNAFL3xWeujUZduBosgFEoiFd1ZdOOyYtMW2lAm00k7dPJgZiLUkC9x40IRt36KO//CT3CadqGtBy4czrmXe+/xYs6ksqwvY2V1bX1js7BV3N7Z3SuZ+wctGSWCUIdEPBIdD0vKWUgdxRSnnVhQHHictr3xzdRvP1AhWRQ21SSmboCHIfMZwUpLfbPU8wUmqZ2l95Vmxcn6ZtmqWjnQMrHnpHz1DTkaffOzN4hIEtBQEY6l7NpWrNwUC8UIp1mxl0gaYzLGQ9rVNMQBlW6aH56hE60MkB8JXaFCufp7IsWBlJPA050BViO56E3F/7xuovxLN2VhnCgaktkiP+FIRWiaAhowQYniE00wEUzfisgI6ySUzqqoQ7AXX14mrbOqXaue39XK9etZGlCAIziGU7DhAupwCw1wgEACT/ACr8aj8Wy8Ge+z1hVjPnMIf2B8/ACpWZPj</latexit>

A4

<latexit sha1_base64="6ZweQjMHx024ieoCo07Z6OXoPko=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRG9GvHiMaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/8BOcPA6aWNBQVHXT3RUkgmvjul9ObmV1bX0jv1nY2t7Z3SvuHzR0nCqGdRaLWLUCqlFwiXXDjcBWopBGgcBmMLyZ+M1HVJrH8sGMEvQj2pc85IwaK91fdyvdYsktu1OQZeLNSenqG6aodYufnV7M0gilYYJq3fbcxPgZVYYzgeNCJ9WYUDakfWxbKmmE2s+mp47JiVV6JIyVLWnIVP09kdFI61EU2M6ImoFe9Cbif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOgUbgrf48jJpnJW9Svn8rlKqVmdpQB6O4BhOwYMLqMIt1KAODPrwBC/w6gjn2Xlz3metOWc+cwh/4Hz8AFlzjqE=</latexit>

S + T + U = 0

<latexit sha1_base64="n4XgDLsGLmpnpaYDFYTCFBv0G/E=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBKJREKnoRi148VmzaQhvKZrtpl242YXcjlNAf4cWDIl79Pd78F/4Et2kP2vpg4PHeDDPz/JgzpW37y8qtrK6tb+Q3C1vbO7t7xf2DpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dDv1W49UKhaJhh7H1AvxQLCAEayN1HooN8ruld0rluyKnQEtE2dOStffkKHeK352+xFJQio04VipjmPH2kux1IxwOil0E0VjTEZ4QDuGChxS5aXZuRN0YpQ+CiJpSmiUqb8nUhwqNQ590xliPVSL3lT8z+skOrj0UibiRFNBZouChCMdoenvqM8kJZqPDcFEMnMrIkMsMdEmoYIJwVl8eZk0zypOtXJ+Xy3VbmZpQB6O4BhOwYELqMEd1MEFAiN4ghd4tWLr2Xqz3metOWs+cwh/YH38AFajj7Y=</latexit>

M4

<latexit sha1_base64="zsS/T+PXG1Y/xJV+P9LjzOWTYOg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRG8GvHgRIpoHJEuYnfQmQ2Znl5lZISz5BC8eFPHqF3nzL/wEJ4+DJhY0FFXddHcFieDauO6Xk1tZXVvfyG8WtrZ3dveK+wcNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQyvJ37zEZXmsXwwowT9iPYlDzmjxkr3t91Kt1hyy+4UZJl4c1K6+oYpat3iZ6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/blkoaofaz6aljcmKVHgljZUsaMlV/T2Q00noUBbYzomagF72J+J/XTk146WdcJqlByWaLwlQQE5PJ36THFTIjRpZQpri9lbABVZQZm07BhuAtvrxMGmdlr1I+v6uUqtVZGpCHIziGU/DgAqpwAzWoA4M+PMELvDrCeXbenPdZa86ZzxzCHzgfP2u7jq0=</latexit>

Amplitude



Factorization
Further important constraints are the factorization limits:

S = 0

<latexit sha1_base64="QK3V6ixtrDk81v731OX104+QJXU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9iwIvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978Cz/B2U0OmljQUFR1090VxJxp47pfTmFldW19o7hZ2tre2d0r7x+0dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN5nffqRKs0g+mElMfYGHkoWMYJNJ91fI7ZcrbtXNgZaJNyeV62/I0eiXP3uDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9NL91ik6sMkBhpGxJg3L190SKhdYTEdhOgc1IL3qZ+J/XTUx46adMxomhkswWhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtM6qXq16fler1OuzNKAIR3AMp+DBBdThFhrQBAIjeIIXeHWE8+y8Oe+z1oIznzmEP3A+fgCRPY63</latexit>

A4

<latexit sha1_base64="6ZweQjMHx024ieoCo07Z6OXoPko=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRG9GvHiMaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/8BOcPA6aWNBQVHXT3RUkgmvjul9ObmV1bX0jv1nY2t7Z3SvuHzR0nCqGdRaLWLUCqlFwiXXDjcBWopBGgcBmMLyZ+M1HVJrH8sGMEvQj2pc85IwaK91fdyvdYsktu1OQZeLNSenqG6aodYufnV7M0gilYYJq3fbcxPgZVYYzgeNCJ9WYUDakfWxbKmmE2s+mp47JiVV6JIyVLWnIVP09kdFI61EU2M6ImoFe9Cbif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOgUbgrf48jJpnJW9Svn8rlKqVmdpQB6O4BhOwYMLqMIt1KAODPrwBC/w6gjn2Xlz3metOWc+cwh/4Hz8AFlzjqE=</latexit>

A3

<latexit sha1_base64="94wplrflPRJ1RV9H0hU86XJTNRU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRG9GvHiMaB6QLGF20psMmZ1dZmaFEPIJXjwo4tUv8uZf+AlONjlotKChqOqmuytIBNfGdT+d3NLyyupafr2wsbm1vVPc3WvoOFUM6ywWsWoFVKPgEuuGG4GtRCGNAoHNYHg99ZsPqDSP5b0ZJehHtC95yBk1Vrq76p52iyW37GYgf4k3J6XLL8hQ6xY/Or2YpRFKwwTVuu25ifHHVBnOBE4KnVRjQtmQ9rFtqaQRan+cnTohR1bpkTBWtqQhmfpzYkwjrUdRYDsjagZ60ZuK/3nt1IQX/pjLJDUo2WxRmApiYjL9m/S4QmbEyBLKFLe3EjagijJj0ynYELzFl/+SxknZq5TPbiulanWWBuThAA7hGDw4hyrcQA3qwKAPj/AML45wnpxX523WmnPmM/vwC877N1fvjqA=</latexit>

1

S

<latexit sha1_base64="6PIphc4VlQY+eNPnYnKWKTJh41c=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRG8GvXiMaB6wWcLsZDYZMjuzzMwKYdnP8OJBEa9+jTf/wk9w8jhoYkFDUdVNd1eYcKaN6345hZXVtfWN4mZpa3tnd6+8f9DSMlWENonkUnVCrClngjYNM5x2EkVxHHLaDkc3E7/9SJVmUjyYcUKDGA8EixjBxkp+N1KYZF6e3ee9csWtulOgZeLNSeXqG6Zo9Mqf3b4kaUyFIRxr7XtuYoIMK8MIp3mpm2qaYDLCA+pbKnBMdZBNT87RiVX6KJLKljBoqv6eyHCs9TgObWeMzVAvehPxP89PTXQZZEwkqaGCzBZFKUdGosn/qM8UJYaPLcFEMXsrIkNsUzA2pZINwVt8eZm0zqperXp+V6vUr2dpQBGO4BhOwYMLqMMtNKAJBCQ8wQu8OsZ5dt6c91lrwZnPHMIfOB8/CQ+Siw==</latexit>

A3

<latexit sha1_base64="94wplrflPRJ1RV9H0hU86XJTNRU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRG9GvHiMaB6QLGF20psMmZ1dZmaFEPIJXjwo4tUv8uZf+AlONjlotKChqOqmuytIBNfGdT+d3NLyyupafr2wsbm1vVPc3WvoOFUM6ywWsWoFVKPgEuuGG4GtRCGNAoHNYHg99ZsPqDSP5b0ZJehHtC95yBk1Vrq76p52iyW37GYgf4k3J6XLL8hQ6xY/Or2YpRFKwwTVuu25ifHHVBnOBE4KnVRjQtmQ9rFtqaQRan+cnTohR1bpkTBWtqQhmfpzYkwjrUdRYDsjagZ60ZuK/3nt1IQX/pjLJDUo2WxRmApiYjL9m/S4QmbEyBLKFLe3EjagijJj0ynYELzFl/+SxknZq5TPbiulanWWBuThAA7hGDw4hyrcQA3qwKAPj/AML45wnpxX523WmnPmM/vwC877N1fvjqA=</latexit>

We can build four-point functions by gluing three-point functions.

Goodhew, Jazayeri, Lee and Pajer [2021]

Arundine, DB, Lee, Pimentel and Rost [2026]

• Identical to the factorization of amplitudes
• Equivalent to unitarity cuts in momentum space



Yang-Mills
Factorization and flat-space limits together are highly constraining.

For color-ordered Yang-Mills, we find

Arundine, DB, Lee, Pimentel and Rost [2026]

A��++
4 =

(123̄4̄)2

ST


3

E � 1

ES
� 1

ET
+

1

EU

�

<latexit sha1_base64="BmqXcOijlj2A+mP5k2v1wyb3nFA="></latexit>

where E ⌘ S + T + U , ES ⌘ T + U � S ,

ET ⌘ S + U � T ,

EU ⌘ S + T � U .

<latexit sha1_base64="CZF0Sy+PUXXMRm/pbAEd1pIP+sg="></latexit>

Integration produces the correct momentum-space result.*



Yang-Mills
It is also useful to write the result as a sum of reduced correlators:

Arundine, DB, Lee, Pimentel and Rost [2026]

AS =
1

ST

✓
1

E � 1

ES

◆

<latexit sha1_base64="PJnY9zxYV/7fKmxNVlviU//yIeA="></latexit>

AT =
1

ST

✓
1

E � 1

ET

◆

<latexit sha1_base64="2U5QdQYPM/9lESYzwgmfH/BXkP8="></latexit>

AU =
1

ST

✓
1

E +
1

EU

◆
=

1

ST

✓
1

S + T + U
+

1

S + T � U

◆

<latexit sha1_base64="oAgF2EJflCOi0HUgbpn+jDn4/gM="></latexit>

These are the building blocks of the Yang-Mills correlator.



Gravity
Performing the same analysis for gravity, we find

A��++
4 =

(123̄4̄)4

STU


3

E2
� 1

E2
S

� 1

E2
T

� 1

E2
U

�

<latexit sha1_base64="tGvRJDd2Ex+3T3ponho83OL8JM0="></latexit>

This is radically simpler than the known momentum-space result.

Arundine, DB, Lee, Pimentel and Rost [2026] 
Bala, Jain and Singh [2026] 

Bonifacio, Goodhew, Joyce, Pajer and Stefanyszyn [2022] 



Geometry



Based on work of

Facundo RostJoris KoeflerMattia Arundine

“Positive Geometry of Yang-Mills Correlators” [to appear]

Veronica Calvo Cortes



Positive Orthogonal Grassmannian
Write the orthogonal Grassmannian in Pfaffian coordinates:

(p : p12 : p34 : p13 : p24 : p14 : p23 : p1234)

<latexit sha1_base64="VdQ2XvCPEU8mK+jtt71PYluKD7g=">AAACLHicbZDLSgMxFIbPeK31VnXpJliEuikz7YjixkI3LivYC7RDyaRpG5q5kGSEMvSB3PgqgriwiFvXPoLpTBVtPRD4+P9zODm/G3ImlWlOjZXVtfWNzcxWdntnd28/d3DYkEEkCK2TgAei5WJJOfNpXTHFaSsUFHsup013VJ35zXsqJAv8OzUOqePhgc/6jGClpW6uWgjRFQq7sVWapFC252CV51D6UexJKnw7Vkl3n3VzebNoJoWWwZpD/voTkqp1c8+dXkAij/qKcCxl2zJD5cRYKEY4nWQ7kaQhJiM8oG2NPvaodOLk2Ak61UoP9QOhn69Qov6eiLEn5dhzdaeH1VAuejPxP68dqf6lEzM/jBT1SbqoH3GkAjRLDvWYoETxsQZMBNN/RWSIBSZK55vVIViLJy9Do1S07OL5rZ2vVNI0IAPHcAIFsOACKnADNagDgQd4gleYGo/Gi/FmvKetK8Z85gj+lPHxBQn/pA4=</latexit>

cab

<latexit sha1_base64="2dEXH0WLJbhZDXsMBuCiyMnvuV0=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0Z0FNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/As/wXTahbYeuHA4517uvSdMBDfW875QYWV1bX2juFna2t7Z3SvvHzSNSjVlDaqE0u2QGCa4ZA3LrWDtRDMSh4K1wtHN1G89Mm24kvd2nLAgJgPJI06JdVKT9jISTnrlilf1cuBl4s9J5fobctR75c9uX9E0ZtJSQYzp+F5ig4xoy6lgk1I3NSwhdEQGrOOoJDEzQZZfO8EnTunjSGlX0uJc/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6WxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8q/rn1Yu780qtNksDinAEx3AKPlxCDW6hDg2g8ABP8AKvSKFn9IbeZ60FNJ85hD9AHz9RoZBo</latexit>

Consider the positive region:

(p : p12 : p13 : p23)

<latexit sha1_base64="G4GMTqqiYIC+DfbWR9X7rfqYnEE=">AAACCHicbZC7SgNBFIbPxluMt1VLCweDEJuwGyOKjQEbywjmAsmyzE4myZDZCzOzQlhS2vgqNhaK2PoIdr6Fj+Bks4Um/jDw8Z9zOHN+L+JMKsv6MnJLyyura/n1wsbm1vaOubvXlGEsCG2QkIei7WFJOQtoQzHFaTsSFPsepy1vdD2tt+6pkCwM7tQ4oo6PBwHrM4KVtlzzsBShSxS5iV2ZZHCaQUXDiWsWrbKVCi2CnUHx6htS1V3zs9sLSezTQBGOpezYVqScBAvFCKeTQjeWNMJkhAe0ozHAPpVOkh4yQcfa6aF+KPQLFErd3xMJ9qUc+57u9LEayvna1Pyv1olV/8JJWBDFigZktqgfc6RCNE0F9ZigRPGxBkwE039FZIgFJkpnV9Ah2PMnL0KzUrar5bPbarFWm6UBeTiAIyiBDedQgxuoQwMIPMATvMCr8Wg8G2/G+6w1Z2Qz+/BHxscPfUaX5g==</latexit>

p, pab, p1234 > 0

<latexit sha1_base64="6fdNpNXfRv3EFVcUmOIpdIkqMYA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkpSK7rSghuXFewD2hAm02k7dPJgZiLUEPwVNy4Ucet/uPMv/AQnaRfaeuByD+fcy9w5XsSZVJb1ZSwsLi2vrBbWiusbm1vb5s5uU4axILRBQh6Ktocl5SygDcUUp+1IUOx7nLa80XXmt+6pkCwM7tQ4oo6PBwHrM4KVllxzPzqJ3AR7adbsymk1RZeWa5asspUDzRN7SkpX35Cj7pqf3V5IYp8GinAsZce2IuUkWChGOE2L3VjSCJMRHtCOpgH2qXSS/PoUHWmlh/qh0BUolKu/NxLsSzn2PT3pYzWUs14m/ud1YtW/cBIWRLGiAZk81I85UiHKokA9JihRfKwJJoLpWxEZYoGJ0oEVdQj27JfnSbNStqvls9tqqVabpAEFOIBDOAYbzqEGN1CHBhB4gCd4gVfj0Xg23oz3yeiCMd3Zgz8wPn4AC92VGQ==</latexit>

⌦(R) =
1

p12p23p31
d3pab ⌘ A3(pab) d

3pab

<latexit sha1_base64="MRncyYURWGPMpYEdZQg+izhKI0U="></latexit>

• At three points, the canonical form of this region gives the correlator:

p1234 ⌘ (p12p34 � p13p24 + p14p23)/p

<latexit sha1_base64="m6STlnLI2f7bfS+uLz3kVbeCjPw="></latexit>



⌦(R++ [R��) = AU (S, T, U) d6pab

<latexit sha1_base64="omdP0jDBxcElWYDKNiSdG3Ys8DI="></latexit>

S = 0

T = 0

R++R−+

R−− R+−

pp
1234p 1

2
p 3

4

p
13 p

24 p 1
4
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3

Yang-Mills From Geometry

Yang-Mills four-point function arises as a canonical form:

Arundine, Calvo Cortes, 
Koefler and Rost [2026]

• At four points, the Mandelstams give additional boundaries.



Outlook



Future Directions
We have finally found the right kinematic space to describe massless 
spinning fields in de Sitter space.

Many open problems remain:

• Extension to higher points (recursion)

• Extension to gravity (double copy)

• Connections to positive geometry

Thanks for your attention.
Supported by ERC:


