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<latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit>

X

i2�3
<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>

niQ
↵i

s↵i
<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>

ci
<latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]

Diagrams with 
cubic vertices

=<latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit>

Yang-Mills 
Amplitude



gn�2
<latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit>

X

i2�3
<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>

niQ
↵i

s↵i
<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>

ci
<latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]

Colour factor: 
Structure constants

Diagrams with 
cubic vertices

=<latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit>

Yang-Mills 
Amplitude



gn�2
<latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit>

X

i2�3
<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>

niQ
↵i

s↵i
<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>

ci
<latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]

Colour factor: 
Structure constants

Kinematic factor: 
Polarisations  
& momenta

Diagrams with 
cubic vertices

=<latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit>

Yang-Mills 
Amplitude



gn�2
<latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit>

X

i2�3
<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>

niQ
↵i

s↵i
<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>

ci
<latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]

Colour factor: 
Structure constants

Kinematic factor: 
Polarisations  
& momenta

Scalar propagatorsDiagrams with 
cubic vertices

=<latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit>

Yang-Mills 
Amplitude



gn�2
<latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit>

X

i2�3
<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>
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<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>
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<latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]
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Scalar propagatorsDiagrams with 
cubic vertices
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<latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit><latexit sha1_base64="64Nx1eawLmqfc2ItcmhXPB0RsB0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhsiOkKCMoKEMEnlIiYnOl0045Xy27tZIkZWPoIWKDtHyNRT8C05wAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AbeopMYmSVLYiQ3yMFDYDsbXM7/9iMbKSN/RJEY/5CMth1JwyqT26D7VZ7Vpv1xxq+4cbJl4OalAjka//NUbRCIJUZNQ3Nqu58bkp9yQFAqnpV5iMeZizEfYzajmIVo/ncedspPEcopYjIZJxeYi/t5IeWjtJAyyyZDTg130ZuJ/Xjeh4aWfSh0nhFrMDpFUOD9khZFZD8gG0iARnyVHJjUT3HAiNJJxITIxyYopZX14i98vk1at6rlV7/a8Ur/KmynCERzDKXhwAXW4gQY0QcAYnuAZXpzUeXXenPef0YKT7xzCHzgf36aNk88=</latexit>

X

i2�3
<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>
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<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>
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<latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit>
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<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>
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<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>
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<latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit>
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<latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit>
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<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>

niQ
↵i

s↵i
<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>

ci
<latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit><latexit sha1_base64="+f3dy92Imd/Dq9EX6piZaWdGzGA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8pCSKFpfNuGU89m6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8ePlLTkup/O0vLK6tp6aaO8ubW9s1vZ22/ZMDYCmyJUoen4YFFJjU2SpLATGYTAV9j2J1eZ335AY2Wo72gaYT+AsZYjKYBS6VYM5KBSdWtuDr5IvIJUWYHGoPLVG4YiDlCTUGBt13Mj6idgSAqFs3IvthiBmMAYuynVEKDtJ3nUGT+OLVDIIzRcKp6L+HsjgcDaaeCnkwHQvZ33MvE/rxvT6KKfSB3FhFpkh0gqzA9ZYWTaAfKhNEgEWXLkUnMBBojQSA5CpGKcllJO+/Dmv18krdOa59a8m7Nq/bJopsQO2RE7YR47Z3V2zRqsyQQbsyf2zF6cR+fVeXPef0aXnGLngP2B8/EN6JqSSA==</latexit>
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⌘n�2

<latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]

Kinematic factor: 
Polarisations  
& momenta

Scalar propagatorsDiagrams with 
cubic vertices



X

i2�3
<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>

niQ
↵i

s↵i
<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>
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⌘n�2

<latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit>

ñi
<latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]

Kinematic factor: 
Polarisations  
& momenta

Scalar propagatorsDiagrams with 
cubic vertices



X

i2�3
<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>

niQ
↵i

s↵i
<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>
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<latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit>

ñi
<latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]

Kinematic factor: 
Polarisations  
& momenta

Scalar propagatorsDiagrams with 
cubic vertices

Second copy of 
Kinematic factors
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<latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit><latexit sha1_base64="avsaBSsQy4XkkwUGxo88UikEn/c=">AAACB3icbVC7TsNAEDzzJrwCKWlOREhUkQ1IUEZQQAkSCZFiy1ofC5y4O1t3a6TIygfwFbRQ0SFaPoOCf8EJLoAw1WhmVzs7SaakI9//8KamZ2bn5hcWa0vLK6tr9fWNrktzK7AjUpXaXgIOlTTYIUkKe5lF0InCy+TueORf3qN1MjUXNMgw0nBj5LUUQKUU1xuhy3VcyFCa8AS0hnhvGNebfssfg0+SoCJNVuEsrn+GV6nINRoSCpzrB35GUQGWpFA4rIW5wwzEHdxgv6QGNLqoGIcf8u3cAaU8Q8ul4mMRf24UoJ0b6KSc1EC37q83Ev/z+jldH0aFNFlOaMToEEmF40NOWFm2gvxKWiSCUXLk0nABFojQSg5ClGJe1lQr+wj+fj9JurutwG8F5/vN9lHVzALbZFtshwXsgLXZKTtjHSbYgD2yJ/bsPXgv3qv39j065VU7DfYL3vsXxEuZYw==</latexit>
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<latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit><latexit sha1_base64="rq1snJ5Z3uikgE5SXpzMTKjNv2Y=">AAACI3icbVA9SwNBEN2L3/ErammzGASreCeCgo1oY6lgTCAXjrnNRJfs7S27c4Ic+Rn+BH+FrVZ2YmPhf/EuptDEN83jvRlm5sVGSUe+/+lVZmbn5hcWl6rLK6tr67WNzRuXZlZgU6Qqte0YHCqpsUmSFLaNRUhiha14cF76rXu0Tqb6mh4MdhO41bIvBVAhRbX9sG9B5OFJWVxHcpiHxqa9KA9BmTsoBPeLD6Na3W/4I/BpEoxJnY1xGdW+wl4qsgQ1CQXOdQLfUDcHS1IoHFbDzKEBMYBb7BRUQ4Kum48eG/LdzAGl3KDlUvGRiL8nckice0jiojMBunOTXin+53Uy6h93c6lNRqhFuYikwtEiJ6wsEkPekxaJoLwcudRcgAUitJKDEIWYFRFWizyCye+nyc1BI/AbwdVh/fRsnMwi22Y7bI8F7Iidsgt2yZpMsEf2zF7Yq/fkvXnv3sdPa8Ubz2yxP/C+vgF0F6WP</latexit>
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⌘n�2

<latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit><latexit sha1_base64="WZQDs2g0dgh4tEpRZNUACw3GqEM="></latexit>

ñi
<latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit><latexit sha1_base64="CUkgMPPmv+Zb+jFbYoPFuE520fU=">AAACMHicbVC7TsNAEDyHVwivAGWaExESVWQjJCij0FAGRAApiaLzeQmrnM/W3ToislLwNbTA10CFaPkIhGNc8NpqNLOvGT9WaMl1X5zS3PzC4lJ5ubKyura+Ud3curBRYiR0ZKQic+ULCwo1dAhJwVVsQIS+gkt/dDzTL8dgLEb6nCYx9EMx1HiNUlBGDaq1Xr4jbRmUozMIpj1CFUCqpwMcVOtuw82L/wVeAeqsqPag+tELIpmEoEkqYW3Xc2Pqp8IQSgXTSi+xEAs5EkPoZlCLEGw/zR+Y8t3ECop4DIaj4jkJ3ydSEVo7Cf2sMxR0Y39rM/I/rZvQ9VE/RR0nBFrODmUWIT9kpcEsHeABGiASs8+Bo+ZSGEEEBrmQMiOTLK7Kj63BGGNbOLj9slDJAvN+x/MXXOw3PLfhnR7Um60iujKrsR22xzx2yJrshLVZh0l2x+7ZA3t0npxn59V5+2otOcXMNvtRzvsnWVerIw==</latexit>

The double copy relations
Bern, Carrasco, Johansson 0805.399, 1004.0576 [hep-th]

Kinematic factor: 
Polarisations  
& momenta

Scalar propagatorsDiagrams with 
cubic vertices

Second copy of 
Kinematic factors

=<latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit><latexit sha1_base64="JzrpooTuRyzmkLsKcHxFqAOex0k=">AAAB83icbVA9SwNBEN3zM8avqKXNYhCswp0I2ghBG8sEzAckR5jbTOKSvb1jd04IIb/AVis7sfUHWfhfvDuv0MRXPd6bYd68IFbSkut+Oiura+sbm6Wt8vbO7t5+5eCwbaPECGyJSEWmG4BFJTW2SJLCbmwQwkBhJ5jcZn7nEY2Vkb6naYx+CGMtR1IApVLzelCpujU3B18mXkGqrEBjUPnqDyORhKhJKLC257kx+TMwJIXCebmfWIxBTGCMvZRqCNH6szzonJ8mFijiMRouFc9F/L0xg9DaaRikkyHQg130MvE/r5fQ6MqfSR0nhFpkh0gqzA9ZYWTaAPKhNEgEWXLkUnMBBojQSA5CpGKSVlJO+/AWv18m7fOa59a85kW1flM0U2LH7ISdMY9dsjq7Yw3WYoIhe2LP7MVJnFfnzXn/GV1xip0j9gfOxzcqlJFG</latexit>

Gravity 
Amplitude
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⌦
<latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit>

<latexit sha1_base64="PRB0LSik77TUQKk3oqOeTgcFFz4=">AAACFHicbVC7TsNAEDyHVwivACXNiQiJAkU2AkGZQEMZJPKQ4ig6XzbhlPNDd2ukyHLLJ/AVtFDRIVp6Cv6Fs5MCEqYazexqd8aLpNBo219WYWl5ZXWtuF7a2Nza3inv7rV0GCsOTR7KUHU8pkGKAJooUEInUsB8T0LbG19nfvsBlBZhcIeTCHo+GwViKDhDI/XLtN5PXD9O3RM3ROGDpi4KOYCknk6NfrliV+0cdJE4M1IhMzT65W93EPLYhwC5ZFp3HTvCXsIUCi4hLbmxhojxMRtB19CAmaO9JE+S0qNYMwxpBIoKSXMRfm8kzNd64ntm0md4r+e9TPzP68Y4vOwlIohihIBnh0xMyA9proSpCOhAKEBk2edARUA5UwwRlKCMcyPGprOS6cOZT79IWqdV57xq355ValezZorkgBySY+KQC1IjN6RBmoSTR/JMXsir9WS9We/Wx3S0YM129skfWJ8/PV6fGw==</latexit>
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⌦
<latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit>

<latexit sha1_base64="PRB0LSik77TUQKk3oqOeTgcFFz4=">AAACFHicbVC7TsNAEDyHVwivACXNiQiJAkU2AkGZQEMZJPKQ4ig6XzbhlPNDd2ukyHLLJ/AVtFDRIVp6Cv6Fs5MCEqYazexqd8aLpNBo219WYWl5ZXWtuF7a2Nza3inv7rV0GCsOTR7KUHU8pkGKAJooUEInUsB8T0LbG19nfvsBlBZhcIeTCHo+GwViKDhDI/XLtN5PXD9O3RM3ROGDpi4KOYCknk6NfrliV+0cdJE4M1IhMzT65W93EPLYhwC5ZFp3HTvCXsIUCi4hLbmxhojxMRtB19CAmaO9JE+S0qNYMwxpBIoKSXMRfm8kzNd64ntm0md4r+e9TPzP68Y4vOwlIohihIBnh0xMyA9proSpCOhAKEBk2edARUA5UwwRlKCMcyPGprOS6cOZT79IWqdV57xq355ValezZorkgBySY+KQC1IjN6RBmoSTR/JMXsir9WS9We/Wx3S0YM129skfWJ8/PV6fGw==</latexit>

Aµ ⌦ Ãµ

Graviton 

=
���
T

<latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit>

<latexit sha1_base64="Y7jYWjEPdN4tqBjiTzHY4RyO17w=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTYCQRlBQxkk8hBxFJ0vm+SU89m620OKrPAVtFDRIVr+hYJ/wTYuIGGq0cyudnaCWAqDrvvpLC2vrK6tlzbKm1vbO7uVvf2Wiazm0OSRjHQnYAakUNBEgRI6sQYWBhLaweQ689sPoI2I1B1OY+iFbKTEUHCGqXQ/7id+aH1lZ/1K1a25Oegi8QpSJQUa/cqXP4i4DUEhl8yYrufG2EuYRsElzMq+NRAzPmEj6KZUsRBML8kTz+ixNQwjGoOmQtJchN8bCQuNmYZBOhkyHJt5LxP/87oWh5e9RKjYIiieHUIhIT9kuBZpFUAHQgMiy5IDFYpyphkiaEEZ56lo027KaR/e/PeLpHVa885r7u1ZtX5VNFMih+SInBCPXJA6uSEN0iScKPJEnsmL8+i8Om/O+8/oklPsHJA/cD6+AcXulaM=</latexit>

hµ⌫



Not only gravity
In the non supersymmetric case:

Photons/gluons

⌦
<latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit>

<latexit sha1_base64="PRB0LSik77TUQKk3oqOeTgcFFz4=">AAACFHicbVC7TsNAEDyHVwivACXNiQiJAkU2AkGZQEMZJPKQ4ig6XzbhlPNDd2ukyHLLJ/AVtFDRIVp6Cv6Fs5MCEqYazexqd8aLpNBo219WYWl5ZXWtuF7a2Nza3inv7rV0GCsOTR7KUHU8pkGKAJooUEInUsB8T0LbG19nfvsBlBZhcIeTCHo+GwViKDhDI/XLtN5PXD9O3RM3ROGDpi4KOYCknk6NfrliV+0cdJE4M1IhMzT65W93EPLYhwC5ZFp3HTvCXsIUCi4hLbmxhojxMRtB19CAmaO9JE+S0qNYMwxpBIoKSXMRfm8kzNd64ntm0md4r+e9TPzP68Y4vOwlIohihIBnh0xMyA9proSpCOhAKEBk2edARUA5UwwRlKCMcyPGprOS6cOZT79IWqdV57xq355ValezZorkgBySY+KQC1IjN6RBmoSTR/JMXsir9WS9We/Wx3S0YM129skfWJ8/PV6fGw==</latexit>

Aµ ⌦ Ãµ

Graviton 

=
���
T

<latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit>

<latexit sha1_base64="Y7jYWjEPdN4tqBjiTzHY4RyO17w=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTYCQRlBQxkk8hBxFJ0vm+SU89m620OKrPAVtFDRIVr+hYJ/wTYuIGGq0cyudnaCWAqDrvvpLC2vrK6tlzbKm1vbO7uVvf2Wiazm0OSRjHQnYAakUNBEgRI6sQYWBhLaweQ689sPoI2I1B1OY+iFbKTEUHCGqXQ/7id+aH1lZ/1K1a25Oegi8QpSJQUa/cqXP4i4DUEhl8yYrufG2EuYRsElzMq+NRAzPmEj6KZUsRBML8kTz+ixNQwjGoOmQtJchN8bCQuNmYZBOhkyHJt5LxP/87oWh5e9RKjYIiieHUIhIT9kuBZpFUAHQgMiy5IDFYpyphkiaEEZ56lo027KaR/e/PeLpHVa885r7u1ZtX5VNFMih+SInBCPXJA6uSEN0iScKPJEnsmL8+i8Om/O+8/oklPsHJA/cD6+AcXulaM=</latexit>

hµ⌫

Two-form

�
<latexit sha1_base64="OLZcrzMZbaij6W8+w7BaAF+8hpI="></latexit><latexit sha1_base64="OLZcrzMZbaij6W8+w7BaAF+8hpI="></latexit><latexit sha1_base64="OLZcrzMZbaij6W8+w7BaAF+8hpI="></latexit><latexit sha1_base64="OLZcrzMZbaij6W8+w7BaAF+8hpI="></latexit>

<latexit sha1_base64="J1f7Hc1Smof97S1WXAgK+H5vXnc=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTYCQRmFhjJI5CHiKDpfNuGU89m620OKrPAVtFDRIVr+hYJ/wTYuIGGq0cyudnaCWAqDrvvpLC2vrK6tlzbKm1vbO7uVvf22iazm0OKRjHQ3YAakUNBCgRK6sQYWBhI6weQq8zsPoI2I1C1OY+iHbKzESHCGqXTXGCR+aH1lZ4NK1a25Oegi8QpSJQWag8qXP4y4DUEhl8yYnufG2E+YRsElzMq+NRAzPmFj6KVUsRBMP8kTz+ixNQwjGoOmQtJchN8bCQuNmYZBOhkyvDfzXib+5/Usji77iVCxRVA8O4RCQn7IcC3SKoAOhQZEliUHKhTlTDNE0IIyzlPRpt2U0z68+e8XSfu05p3X3Juzar1RNFMih+SInBCPXJA6uSZN0iKcKPJEnsmL8+i8Om/O+8/oklPsHJA/cD6+AYlelX0=</latexit>

Bµ⌫



Not only gravity
In the non supersymmetric case:

Photons/gluons

⌦
<latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit><latexit sha1_base64="WjtDmH2Ddfl+lrk+mA8VZc8lxOo=">AAACLXicbZC7TsMwFIYdrqXcCowsFgWpLFWCkGBEsDAWiUJRU1Un7qFYOE5knyBVVV+Al4EV3oMBCbGy8wQ4JQMUzvT73P7jL0qVtOT7r97U9Mzs3Hxpoby4tLyyWllbv7BJZgQ2RaIS04rAopIamyRJYSs1CHGk8DK6Pcnrl3dorEz0OQ1S7MTQ1/JaCiCX6la2w6s7gZrQxEA3QTjQ/VqwGyYkY7TFq9ytVP26Pw7+VwSFqLIiGt3KZ9hLRBa7xUKBte3AT6kzBENSKByVw8xiCuIW+th2UoMz6wzHvxnxncwCJTxFw6Xi4yT+nBhCbO0gjlxnfrOdrOXJ/2rtjK4PO0Op04xQi9yIpMKxkRVGOkzIe9IgEeSXI5eaCzBAjo7kIHJOmeP2y3CQZLpPEI0cpGASyV9xsVcP/Hpwtl89Oi5wldgm22I1FrADdsROWYM1mWD37JE9sWfvwXvx3rz379Ypr5jZYL/C+/gCwTaowg==</latexit>

<latexit sha1_base64="PRB0LSik77TUQKk3oqOeTgcFFz4=">AAACFHicbVC7TsNAEDyHVwivACXNiQiJAkU2AkGZQEMZJPKQ4ig6XzbhlPNDd2ukyHLLJ/AVtFDRIVp6Cv6Fs5MCEqYazexqd8aLpNBo219WYWl5ZXWtuF7a2Nza3inv7rV0GCsOTR7KUHU8pkGKAJooUEInUsB8T0LbG19nfvsBlBZhcIeTCHo+GwViKDhDI/XLtN5PXD9O3RM3ROGDpi4KOYCknk6NfrliV+0cdJE4M1IhMzT65W93EPLYhwC5ZFp3HTvCXsIUCi4hLbmxhojxMRtB19CAmaO9JE+S0qNYMwxpBIoKSXMRfm8kzNd64ntm0md4r+e9TPzP68Y4vOwlIohihIBnh0xMyA9proSpCOhAKEBk2edARUA5UwwRlKCMcyPGprOS6cOZT79IWqdV57xq355ValezZorkgBySY+KQC1IjN6RBmoSTR/JMXsir9WS9We/Wx3S0YM129skfWJ8/PV6fGw==</latexit>

Aµ ⌦ Ãµ

Graviton 

=
���
T

<latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit><latexit sha1_base64="e2gboULZECef1KI/FK9uvWOF/Ks="></latexit>

<latexit sha1_base64="Y7jYWjEPdN4tqBjiTzHY4RyO17w=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTYCQRlBQxkk8hBxFJ0vm+SU89m620OKrPAVtFDRIVr+hYJ/wTYuIGGq0cyudnaCWAqDrvvpLC2vrK6tlzbKm1vbO7uVvf2Wiazm0OSRjHQnYAakUNBEgRI6sQYWBhLaweQ689sPoI2I1B1OY+iFbKTEUHCGqXQ/7id+aH1lZ/1K1a25Oegi8QpSJQUa/cqXP4i4DUEhl8yYrufG2EuYRsElzMq+NRAzPmEj6KZUsRBML8kTz+ixNQwjGoOmQtJchN8bCQuNmYZBOhkyHJt5LxP/87oWh5e9RKjYIiieHUIhIT9kuBZpFUAHQgMiy5IDFYpyphkiaEEZ56lo027KaR/e/PeLpHVa885r7u1ZtX5VNFMih+SInBCPXJA6uSEN0iScKPJEnsmL8+i8Om/O+8/oklPsHJA/cD6+AcXulaM=</latexit>

hµ⌫

Two-form

�
<latexit sha1_base64="OLZcrzMZbaij6W8+w7BaAF+8hpI="></latexit><latexit sha1_base64="OLZcrzMZbaij6W8+w7BaAF+8hpI="></latexit><latexit sha1_base64="OLZcrzMZbaij6W8+w7BaAF+8hpI="></latexit><latexit sha1_base64="OLZcrzMZbaij6W8+w7BaAF+8hpI="></latexit>

<latexit sha1_base64="J1f7Hc1Smof97S1WXAgK+H5vXnc=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTYCQRmFhjJI5CHiKDpfNuGU89m620OKrPAVtFDRIVr+hYJ/wTYuIGGq0cyudnaCWAqDrvvpLC2vrK6tlzbKm1vbO7uVvf22iazm0OKRjHQ3YAakUNBCgRK6sQYWBhI6weQq8zsPoI2I1C1OY+iHbKzESHCGqXTXGCR+aH1lZ4NK1a25Oegi8QpSJQWag8qXP4y4DUEhl8yYnufG2E+YRsElzMq+NRAzPmFj6KVUsRBMP8kTz+ixNQwjGoOmQtJchN8bCQuNmYZBOhkyvDfzXib+5/Usji77iVCxRVA8O4RCQn7IcC3SKoAOhQZEliUHKhTlTDNE0IIyzlPRpt2U0z68+e8XSfu05p3X3Juzar1RNFMih+SInBCPXJA6uSZN0iKcKPJEnsmL8+i8Om/O+8/oklPsHJA/cD6+AYlelX0=</latexit>

Bµ⌫

Dilaton

� •
<latexit sha1_base64="NGI0rExJWWTvgRS1KqQsdKRGZR4="></latexit><latexit sha1_base64="NGI0rExJWWTvgRS1KqQsdKRGZR4="></latexit><latexit sha1_base64="NGI0rExJWWTvgRS1KqQsdKRGZR4="></latexit><latexit sha1_base64="NGI0rExJWWTvgRS1KqQsdKRGZR4="></latexit>

<latexit sha1_base64="CHgJOpWE7OOg2AulQoMtNqGrjpo=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYeUWNH6sklOOT90t44UWfkIWqjoEC1fQ8G/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON73L/M4MtZFh8EjzCF0fxoEcSQGUSp3+DHQ0kYNqza7bOfgqcQpSYwWag+pXfxiK2MeAhAJjeo4dkZuAJikULir92GAEYgpj7KU0AB+Nm+RxF/wsNkAhj1BzqXgu4u+NBHxj5r6XTvpAE7PsZeJ/Xi+m0Y2byCCKCQORHSKpMD9khJZpD8iHUiMRZMmRy4AL0ECEWnIQIhXjtJhK2oez/P0qaV/Unau6/XBZa9wWzZTZCTtl58xh16zB7lmTtZhgU/bEntmLlViv1pv1/jNasoqdY/YH1sc3N+iULw==</latexit>'



A field theory realization
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Bern, Dennen, Huang, Kiermaier 1004.0694 [hep-th] 
Borsten, Nagy 2004.14945 [hep-th] 

Borsten, Jurco, Kim, Macrelli, Saemann, Wolf 2007.13803 [hep-th]
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Interactions?

The two Lagrangians are equivalent,  
and both can be extended to include cubic  

interactions by means of the Noether procedure





Thank you  
for the attention!


