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Example full theory and process:

Full theory:

Process:

(c = ~ = 8⇡GN = 1)
<latexit sha1_base64="/IwTi5kXMDyv+Yr2CzfSX0dEnHM="></latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫
<latexit sha1_base64="qK9ntRti3H5ajfNqc+exTteroCs=">AAACEHicdVDLSgMxFM3UV62vUZdugkUUhDKpYtuFUHTjsoJ9QGcomTRtQzOZIckIZegnuPFX3LhQxK1Ld/6NmbY+0QOBc8+5l5t7/IgzpR3nzcrMzS8sLmWXcyura+sb9uZWQ4WxJLROQh7Klo8V5UzQumaa01YkKQ58Tpv+8Dz1m9dUKhaKKz2KqBfgvmA9RrA2Usfe73cSN4hdEY/hKXSpxl/1IRx8Fh077xQcx0EIwZSg0oljSKVSLqIyRKllkAcz1Dr2q9sNSRxQoQnHSrWRE2kvwVIzwuk458aKRpgMcZ+2DRU4oMpLJgeN4Z5RurAXSvOEhhP1+0SCA6VGgW86A6wH6reXin957Vj3yl7CRBRrKsh0US/mUIcwTQd2maRE85EhmEhm/grJAEtMtMkwZ0L4uBT+TxrFAjoqFC+P89WzWRxZsAN2wQFAoASq4ALUQB0QcAPuwAN4tG6te+vJep62ZqzZzDb4AevlHfoknTQ=</latexit>

(graviton)

�(p1) + �(p2) �! �(p3) + �(p4) + hµ⌫(q)
<latexit sha1_base64="86OlABWn+SQugF8Hsrwl+cyb6GQ="></latexit>

with � ⌧ 1
<latexit sha1_base64="E0oRBsf/X+kaRN5rvrQO1NVBqXM=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXJali213RjcsK9gGdoWQymTY0kxmTTKEM/Q43LhRx68e482/MtBVU9EDgcM653JvjJ4Jrg9CHs7K6tr6xWdgqbu/s7u2XDg47Ok4VZW0ai1j1fKKZ4JK1DTeC9RLFSOQL1vXH17nfnTCleSzvzDRhXkSGkoecEmMlzxU2GhDoCgHxoFRGFYQQxhjmBNcukSWNRr2K6xDnlkUZLNEalN7dIKZpxKShgmjdxygxXkaU4VSwWdFNNUsIHZMh61sqScS0l82PnsFTqwQwjJV90sC5+n0iI5HW08i3yYiYkf7t5eJfXj81Yd3LuExSwyRdLApTAU0M8wZgwBWjRkwtIVRxeyukI6IINbanoi3h66fwf9KpVvB5pXp7UW5eLesogGNwAs4ABjXQBDegBdqAgnvwAJ7AszNxHp0X53URXXGWM0fgB5y3T/vCkZg=</latexit>

�
<latexit sha1_base64="azhSAcK3Pth2+zhqPQGclRRwy0Y=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqiRVbLsrunFZwdpCO5RMJtOGZh4kGaEM/Qg3LhRx6/e482/MtBVU9EDgcM655N7jJVJog/GHU1hZXVvfKG6WtrZ3dvfK+wd3Ok4V4x0Wy1j1PKq5FBHvGGEk7yWK09CTvOtNrnK/e8+VFnF0a6YJd0M6ikQgGDVW6g6kjfp0WK7gKsaYEIJyQuoX2JJms1EjDURyy6ICS7SH5feBH7M05JFhkmrdJzgxbkaVEUzyWWmQap5QNqEj3rc0oiHXbjZfd4ZOrOKjIFb2RQbN1e8TGQ21noaeTYbUjPVvLxf/8vqpCRpuJqIkNTxii4+CVCITo/x25AvFmZFTSyhTwu6K2JgqyoxtqGRL+LoU/U/ualVyVq3dnFdal8s6inAEx3AKBOrQgmtoQwcYTOABnuDZSZxH58V5XUQLznLmEH7AefsEiwmPtw==</latexit> ~p1

<latexit sha1_base64="5CZNkcgMUt6W/lVDTRP6SqBqiNk=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJali213RjcsK9iHtUDJppg1NMkOSKZShX+HGhSJu/Rx3/o2ZtoKKHrhwOOde7r0niAU3FqEPb2V1bX1jM7eV397Z3dsvHBy2TJRoypo0EpHuBMQwwRVrWm4F68SaERkI1g7G15nfnjBteKTu7DRmviRDxUNOiXXSfW/CaBrP+rhfKKISQghjDDOCK5fIkVqtWsZViDPLoQiWaPQL771BRBPJlKWCGNPFKLZ+SrTlVLBZvpcYFhM6JkPWdVQRyYyfzg+ewVOnDGAYaVfKwrn6fSIl0pipDFynJHZkfnuZ+JfXTWxY9VOu4sQyRReLwkRAG8HsezjgmlErpo4Qqrm7FdIR0YRal1HehfD1KfyftMolfF4q314U61fLOHLgGJyAM4BBBdTBDWiAJqBAggfwBJ497T16L97ronXFW84cgR/w3j4BHqKQoA==</latexit>

~q
<latexit sha1_base64="/OrVZfrlVK3SsxGoj8yUpNQzjWw=">AAAB7nicdVBNSwMxEM36WetX1aOXYBE8lU0V296KXjxWsB/QLiWbzrah2eyaZAtl6Y/w4kERr/4eb/4bs20FFX0w8Hhvhpl5fiy4Nq774aysrq1vbOa28ts7u3v7hYPDlo4SxaDJIhGpjk81CC6habgR0IkV0NAX0PbH15nfnoDSPJJ3ZhqDF9Kh5AFn1Fip3ZsAS+9n/ULRLbmuSwjBGSGVS9eSWq1aJlVMMsuiiJZo9AvvvUHEkhCkYYJq3SVubLyUKsOZgFm+l2iIKRvTIXQtlTQE7aXzc2f41CoDHETKljR4rn6fSGmo9TT0bWdIzUj/9jLxL6+bmKDqpVzGiQHJFouCRGAT4ex3POAKmBFTSyhT3N6K2YgqyoxNKG9D+PoU/09a5RI5L5VvL4r1q2UcOXSMTtAZIqiC6ugGNVATMTRGD+gJPTux8+i8OK+L1hVnOXOEfsB5+wT1hI/9</latexit>

)
<latexit sha1_base64="Y7DGW/QQl9ExywZJNs3btSHZSzY=">AAAB6HicdVBNS0JBFJ1nX2ZfVss2QxLURmYsUndSm5YK+QH6kHnjfTo574OZeYGIv6BNiyLa9pPa9W+apwYVdeDC4Zx7ufceL5ZCG0I+nMzK6tr6RnYzt7W9s7uX3z9o6ShRHJo8kpHqeEyDFCE0jTASOrECFngS2t74OvXb96C0iMJbM4nBDdgwFL7gzFipcdbPF0iREEIpxSmh5UtiSbVaKdEKpqllUUBL1Pv5994g4kkAoeGSad2lJDbulCkjuIRZrpdoiBkfsyF0LQ1ZANqdzg+d4ROrDLAfKVuhwXP1+8SUBVpPAs92BsyM9G8vFf/yuonxK+5UhHFiIOSLRX4isYlw+jUeCAXcyIkljCthb8V8xBTjxmaTsyF8fYr/J61SkZ4XS42LQu1qGUcWHaFjdIooKqMaukF11EQcAXpAT+jZuXMenRfnddGacZYzh+gHnLdPvMGM5w==</latexit>

Question: How does amplitude behave as a power series in    ?�
<latexit sha1_base64="azhSAcK3Pth2+zhqPQGclRRwy0Y=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqiRVbLsrunFZwdpCO5RMJtOGZh4kGaEM/Qg3LhRx6/e482/MtBVU9EDgcM655N7jJVJog/GHU1hZXVvfKG6WtrZ3dvfK+wd3Ok4V4x0Wy1j1PKq5FBHvGGEk7yWK09CTvOtNrnK/e8+VFnF0a6YJd0M6ikQgGDVW6g6kjfp0WK7gKsaYEIJyQuoX2JJms1EjDURyy6ICS7SH5feBH7M05JFhkmrdJzgxbkaVEUzyWWmQap5QNqEj3rc0oiHXbjZfd4ZOrOKjIFb2RQbN1e8TGQ21noaeTYbUjPVvLxf/8vqpCRpuJqIkNTxii4+CVCITo/x25AvFmZFTSyhTwu6K2JgqyoxtqGRL+LoU/U/ualVyVq3dnFdal8s6inAEx3AKBOrQgmtoQwcYTOABnuDZSZxH58V5XUQLznLmEH7AefsEiwmPtw==</latexit>

everything else "O(1)" to one another

ds2 = 2dx+dx� � dxidxi (i = 1, 2)
<latexit sha1_base64="4BhhRALp7iIOpUeRJ7ulH6GYfbI="></latexit>

p+1 = p1� ⇠ 1 , p�1 = p1+ = 0 , pi1 = �p1i = 0
<latexit sha1_base64="+nX5CIYaE0KQWlrk/pFbygXZ8Js="></latexit>

Lightcone coordinates collinear to     : p1
<latexit sha1_base64="I4UFQEikwqfTisd29wNGrfCSyWc=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t6MVjRfsB7VKyabYNzWaXJCuUpT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbm+bHg2rjuh5NbWV1b38hvFra2d3b3ivsHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k6vM79wzpXkk78w0Zl5IRpIHnBJjpdt4gAfFklt2XRdjjDKCqxeuJfV6rYJrCGeWRQmWaA6K7/1hRJOQSUMF0bqH3dh4KVGGU8FmhX6iWUzohIxYz1JJQqa9dH7qDJ1YZYiCSNmSBs3V7xMpCbWehr7tDIkZ699eJv7l9RIT1LyUyzgxTNLFoiARyEQo+xsNuWLUiKklhCpub0V0TBShxqZTsCF8fYr+J+1KGZ+VKzfnpcblMo48HMExnAKGKjTgGprQAgojeIAneHaE8+i8OK+L1pyznDmEH3DePgFNxI3S</latexit>

by definition

Our process characterized by

(q+, q�, qi) = (q�, q+,�qi) ⇠ (1,�2,�)
<latexit sha1_base64="vZZXR5IvdJBAy6BKsz67omoqNiw="></latexit>

pµ2,3,4 ⇠ 1 (µ = +,�, i)
<latexit sha1_base64="kXSS+yNB9p9FS0Dx3b7zV3VmYH8="></latexit>

hµ⌫(q) ⇠
qµq⌫
�

<latexit sha1_base64="rff3DwUrm9n6nlRekbU4HyFylyI="></latexit>

hµ⌫(q) ⇠ �aqµq⌫
<latexit sha1_base64="nyaC544hzYISqe5MCNC91xcMP+Y="></latexit>

In covariant gauges, graviton must scale as                            .
Then, from graviton kinetic term, we see

1 ⇠
Z
d4x (@⇤h⇤⇤)

2 ⇠ ��4(q⇤q⇤q⇤)
2�2a ⇠ ��4(q2)3�2a ⇠ ��4+6+2a

<latexit sha1_base64="Dn5qYTWfmnYiGMve+A4vVn4m5r4="></latexit>

L = �R

2
+

gµ⌫

2
@µ�@⌫�� 

3!
�3

<latexit sha1_base64="wNXzGmpCG4YJOap0BRhPTUVtXXc="></latexit>

h�� ⇠ 1

�
<latexit sha1_base64="2dnWNJTmdGEFHYQ0i0mk80hLdp8="></latexit>

h�i ⇠ 1
<latexit sha1_base64="6Kms1e2pJ0IZoH9vG2i1If0snj4="></latexit>

h�+ ⇠ �
<latexit sha1_base64="eMVJTNnuYZ9m5c0TMJ7kPJgTUUc="></latexit>

So,

q2 ⇠ �2
<latexit sha1_base64="2GbkpdjoDujoocGJCt8WUf4D1hI="></latexit>

etc.



Class A:

Class B:

So,

=
h

2
⇥

<latexit sha1_base64="sfgisD+PvbN61JzgkdCT+ollFss=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq5JUse1CKLpxWcG2QmcomTTThmYeJBmhDoO/4saFIm79D3f+jZm2gooeuHA4517uvceLBVcaoQ+rsLC4tLxSXC2trW9sbtnbOx0VJZKyNo1EJG88opjgIWtrrgW7iSUjgSdY1xtf5H73lknFo/BaT2LmBmQYcp9Too3Ut/fOoONLQtNRllYz6GgeMNW3y6iCEMIYw5zg2ikypNGoV3Ed4twyKIM5Wn373RlENAlYqKkgSvUwirWbEqk5FSwrOYliMaFjMmQ9Q0Nilrjp9PoMHhplAP1Imgo1nKrfJ1ISKDUJPNMZED1Sv71c/MvrJdqvuykP40SzkM4W+YmAOoJ5FHDAJaNaTAwhVHJzK6QjYsLQJrCSCeHrU/g/6VQr+LhSvTopN8/ncRTBPjgARwCDGmiCS9ACbUDBHXgAT+DZurcerRfrddZasOYzu+AHrLdPUwyVKg==</latexit>

hµ⌫
<latexit sha1_base64="GVAAg3B/NY9fH060vVINgqFVXZ0=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt0V3bisYB/YKSWTZtrQJDPkIZShf+HGhSJu/Rt3/o2ZtoKKHrhwOOde7r0nTDjTxvc/vNzK6tr6Rn6zsLW9s7tX3D9o69gqQlsk5rHqhlhTziRtGWY47SaKYhFy2gknV5nfuadKs1jemmlC+wKPJIsYwcZJd+NBGggbSDsbFEt+2fd9hBDMCKpe+I7U67UKqkGUWQ4lsERzUHwPhjGxgkpDONa6h/zE9FOsDCOczgqB1TTBZIJHtOeoxILqfjq/eAZPnDKEUaxcSQPn6veJFAutpyJ0nQKbsf7tZeJfXs+aqNZPmUysoZIsFkWWQxPD7H04ZIoSw6eOYKKYuxWSMVaYGBdSwYXw9Sn8n7QrZXRWrtyclxqXyzjy4Agcg1OAQBU0wDVoghYgQIIH8ASePe09ei/e66I15y1nDsEPeG+fSNCRVA==</latexit>

�
<latexit sha1_base64="BymC1KEPiP7tTIVF+geogFf83X4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqSRVbHsrevFYwdpCu5Rsmu2GJtklyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSK4sQh9eIWV1bX1jeJmaWt7Z3evvH9wZ+JUU9ahsYh1LyCGCa5Yx3IrWC/RjMhAsG4wucr97j3Thsfq1k4T5ksyVjzklNhcGiQRH5YrqIoQwhjDnOD6BXKk2WzUcAPi3HKogCXaw/L7YBTTVDJlqSDG9DFKrJ8RbTkVbFYapIYlhE7ImPUdVUQy42fzW2fwxCkjGMbalbJwrn6fyIg0ZioD1ymJjcxvLxf/8vqpDRt+xlWSWqboYlGYCmhjmD8OR1wzasXUEUI1d7dCGhFNqHXxlFwIX5/C/8ldrYrPqrWb80rrchlHERyBY3AKMKiDFrgGbdABFETgATyBZ096j96L97poLXjLmUPwA97bJ2HMjnk=</latexit>

�
<latexit sha1_base64="BymC1KEPiP7tTIVF+geogFf83X4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqSRVbHsrevFYwdpCu5Rsmu2GJtklyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSK4sQh9eIWV1bX1jeJmaWt7Z3evvH9wZ+JUU9ahsYh1LyCGCa5Yx3IrWC/RjMhAsG4wucr97j3Thsfq1k4T5ksyVjzklNhcGiQRH5YrqIoQwhjDnOD6BXKk2WzUcAPi3HKogCXaw/L7YBTTVDJlqSDG9DFKrJ8RbTkVbFYapIYlhE7ImPUdVUQy42fzW2fwxCkjGMbalbJwrn6fyIg0ZioD1ymJjcxvLxf/8vqpDRt+xlWSWqboYlGYCmhjmD8OR1wzasXUEUI1d7dCGhFNqHXxlFwIX5/C/8ldrYrPqrWb80rrchlHERyBY3AKMKiDFrgGbdABFETgATyBZ096j96L97poLXjLmUPwA97bJ2HMjnk=</latexit>

�
<latexit sha1_base64="BymC1KEPiP7tTIVF+geogFf83X4=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqSRVbHsrevFYwdpCu5Rsmu2GJtklyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSK4sQh9eIWV1bX1jeJmaWt7Z3evvH9wZ+JUU9ahsYh1LyCGCa5Yx3IrWC/RjMhAsG4wucr97j3Thsfq1k4T5ksyVjzklNhcGiQRH5YrqIoQwhjDnOD6BXKk2WzUcAPi3HKogCXaw/L7YBTTVDJlqSDG9DFKrJ8RbTkVbFYapIYlhE7ImPUdVUQy42fzW2fwxCkjGMbalbJwrn6fyIg0ZioD1ymJjcxvLxf/8vqpDRt+xlWSWqboYlGYCmhjmD8OR1wzasXUEUI1d7dCGhFNqHXxlFwIX5/C/8ldrYrPqrWb80rrchlHERyBY3AKMKiDFrgGbdABFETgATyBZ096j96L97poLXjLmUPwA97bJ2HMjnk=</latexit>

⇠ �⇥
<latexit sha1_base64="7A0lCUdmzfAWppxntr3SUjVpfDs=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFchSQNbd0V3bisYB/QhDKZTNqhkwczEyGE+ituXCji1g9x5984aSuo6IGBwzn3cO8cP2VUSNP80NbWNza3tis71d29/YND/ei4L5KMY9LDCUv40EeCMBqTnqSSkWHKCYp8Rgb+7Kr0B3eEC5rEtzJPiRehSUxDipFU0livuYJG0GUqESDoShoRMdbrpnHRbtpOE5qGabYs2yqJ3XIaDrSUUqIOVuiO9Xc3SHAWkVhihoQYWWYqvQJxSTEj86qbCZIiPEMTMlI0RmqJVyyOn8MzpQQwTLh6sYQL9XuiQJEQeeSryQjJqfjtleJf3iiTYdsraJxmksR4uSjMGJQJLJuAAeUES5YrgjCn6laIp4gjLFVfVVXC10/h/6RvG1bDsG+ceudyVUcFnIBTcA4s0AIdcA26oAcwyMEDeALP2r32qL1or8vRNW2VqYEf0N4+Aa95lM8=</latexit>

p
�g = 1 + h/2

<latexit sha1_base64="A1kJ3loek4JKI27/Z4AkS4NR6vo=">AAAB+nicdVBNSwMxEM3Wr1q/tnr0EiyCINbNKrY9CEUvHivYWmiXkk3TNjSbXZOsUtb+FC8eFPHqL/HmvzHbVlDRBwOP92aYmedHnCntOB9WZm5+YXEpu5xbWV1b37Dzmw0VxpLQOgl5KJs+VpQzQeuaaU6bkaQ48Dm99ofnqX99S6ViobjSo4h6Ae4L1mMEayN17Hxb3UidHPTH8BSi/cGh27ELTtFxHIQQTAkqnTiGVCplF5UhSi2DApih1rHf292QxAEVmnCsVAs5kfYSLDUjnI5z7VjRCJMh7tOWoQIHVHnJ5PQx3DVKF/ZCaUpoOFG/TyQ4UGoU+KYzwHqgfnup+JfXinWv7CVMRLGmgkwX9WIOdQjTHGCXSUo0HxmCiWTmVkgGWGKiTVo5E8LXp/B/0nCL6KjoXh4XqmezOLJgG+yAPYBACVTBBaiBOiDgDjyAJ/Bs3VuP1ov1Om3NWLOZLfAD1tsni16S4w==</latexit>

(from                       )

⇠ (p·q)(p0·q) + (p·p0)q2

�p02
<latexit sha1_base64="0+v60NNUB4VQlREDNwUrXsf+ZnA="></latexit>

/ pµp0⌫hµ⌫ � (p·p0)h/2
p02

<latexit sha1_base64="LgItazsGjKBcoKSTkV/PaE+x2G8="></latexit>

(from phi kinetic term)

(

<latexit sha1_base64="2KJoOAal7BumrTO8rsjPo6oV81g=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXZVLFtrtSNy4r2Id0hpJJM9PQJDMkGaEM/Qo3LhRx6+e482/MtBVU9MCFwzn3cu89QcKZNq774aysrq1vbBa2its7u3v7pYPDro5TRWiHxDxW/QBrypmkHcMMp/1EUSwCTnvB5Cr3e/dUaRbLWzNNqC9wJFnICDZWuvNaLIq4l8FhqexWXNdFCMGcoNqla0mjUa+iOkS5ZVEGS7SHpXdvFJNUUGkIx1oPkJsYP8PKMMLprOilmiaYTHBEB5ZKLKj2s/nBM3hqlREMY2VLGjhXv09kWGg9FYHtFNiM9W8vF//yBqkJ637GZJIaKsliUZhyaGKYfw9HTFFi+NQSTBSzt0IyxgoTYzMq2hC+PoX/k261gs4r1ZuLcrO1jKMAjsEJOAMI1EATXIM26AACBHgAT+DZUc6j8+K8LlpXnOXMEfgB5+0TlGmQRg==</latexit>

p0
<latexit sha1_base64="9BRvsUI3D7aRnK5hZUKAS5Oo+Vo=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbRU0mq2PZW9OKxiq2FdinZNNuGZj9IskJZ+g+8eFDEq//Im//GbFtBRR8MPN6bYWaeF0uhDcYfTm5peWV1Lb9e2Njc2t4p7u61dZQoxlsskpHqeFRzKULeMsJI3okVp4En+Z03vsz8u3uutIjCWzOJuRvQYSh8waix0k183C+WcBljTAhBGSHVc2xJvV6rkBoimWVRggWa/eJ7bxCxJOChYZJq3SU4Nm5KlRFM8mmhl2geUzamQ961NKQB1246u3SKjqwyQH6kbIUGzdTvEykNtJ4Enu0MqBnp314m/uV1E+PX3FSEcWJ4yOaL/EQiE6HsbTQQijMjJ5ZQpoS9FbERVZQZG07BhvD1KfqftCtlclquXJ+VGheLOPJwAIdwAgSq0IAraEILGPjwAE/w7IydR+fFeZ235pzFzD78gPP2CYjcjV8=</latexit>

p
<latexit sha1_base64="mTCmyPuBs8Pl0/9w2vdwqAE6VGE=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXhMwDwgWcLsZDYZM/tgZlYIS77AiwdFvPpJ3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4a6YxdwM6CoUvGDVWasaDQhGXMMaEEJQRUrnEltRq1TKpIpJZFkVYojEovPeHEUsCHh omqdY9gmPjplQZwSSf5fuJ5jFlEzriPUtDGnDtpvNDZ+jUKkPkR8pWaNBc/T6R0kDraeDZzoCasf7tZeJfXi8xftVNRRgnhodsschPJDIRyr5GQ6E4M3JqCWVK2FsRG1NFmbHZ5G0IX5+i/0m7XCLnpXLzoli/WsaRg2M4gTMgUIE63EADWsCAwwM8wbNz5zw6L87ronXFWc4cwQ84b58obI0u</latexit>

prop.
q

<latexit sha1_base64="aY0mj5IjvEhkPCNNcP+Z7OWB4Z0=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTMWqTupTUuF/AB9yLxxnk7O+2hmXiDiL2jTooi2/aR2/ZvmqUFFHbhwOOde7r3Hi6XQBuMPJ7Oyura+kd3MbW3v7O7l9w9aOkoU400WyUh1PKq5FCFvGmEk78SK08CTvO2Nr1K/fc+VFlF4YyYxdwM6DIUvGDVWatz18wVcxBgTQlBKSPkCW1KtVkqkgkhqWRRgiXo//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dIZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+4UxHGieEhWyzyE4lMhNKv0UAozoycWEKZEvZWxEZUUWZsNjkbwten6H/SKhXJWbHUOC/ULpdxZOEIjuEUCJShBtdQhyYw4PAAT/Ds3DqPzovzumjNOMuZQ/gB5+0TKfCNLw==</latexit>

⇠ �2�2

��2
⇠ �

<latexit sha1_base64="jIkhtiy8HEk+rK9PlPHJsbDgp9I="></latexit>

for p k q
<latexit sha1_base64="/d3p2bhsikWgzIzQaoK6Lt/VCHc=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9oh5JJ0zY0k0mTTKEM/Q43LhRx68e482/MtBVU9MCFwzn3cu89gRLcWIQ+vMza+sbmVnY7t7O7t3+QPzxqmijWlDVoJCLdDohhgkvWsNwK1laakTAQrBWMb1K/NWXa8Eje25lifkiGkg84JdZJvoJdRTQRggk46eULqIgQwhjDlODyFXKkWq2UcAXi1HIogBXqvfx7tx/ROGTSUkGM6WCkrJ8QbTkVbJ7rxoYpQsdkyDqOShIy4yeLo+fwzCl9OIi0K2nhQv0+kZDQmFkYuM6Q2JH57aXiX14ntoOKn3CpYsskXS4axALaCKYJwD7XjFoxc4RQzd2tkI5cCNS6nHIuhK9P4f+kWSrii2Lp7rJQu17FkQUn4BScAwzKoAZuQR00AAUT8ACewLM39R69F+912ZrxVjPH4Ae8t0+ZB5IA</latexit>

⇠ 1 · 1
� · 1 ⇠ 1

�
<latexit sha1_base64="1KuoAo0dVTwDM/VncKfyjMj561w="></latexit>

p , q
<latexit sha1_base64="uNKrw7WoMY+tJKogr4RQF2iZa70=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9ox5JJ0zY0k4lJRilD/8ONC0Xc+i/u/BszbQUVPXDhcM693HtPoAQ3FqEPL7O0vLK6ll3PbWxube/kd/eaJoo1ZQ0aiUi3A2KY4JI1LLeCtZVmJAwEawXji9Rv3TFteCSv7UQxPyRDyQecEuukGwW7UhFNhGAC3vbyBVRECGGMYUpw+Qw5Uq1WSrgCcWo5FMAC9V7+vduPaBwyaakgxnQwUtZPiLacCjbNdWPDFKFjMmQdRyUJmfGT2dVTeOSUPhxE2pW0cKZ+n0hIaMwkDFxnSOzI/PZS8S+vE9tBxU+4VLFlks4XDWIBbQTTCGCfa0atmDhCqObuVkhHLgRqXVA5F8LXp/B/0iwV8UmxdHVaqJ0v4siCA3AIjgEGZVADl6AOGoACDR7AE3j27r1H78V7nbdmvMXMPvgB7+0TagKSeA==</latexit>

for

k
<latexit sha1_base64="S9H5oy1FAoFw2TaBRrA5xO3DGbE=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9ph5JJM21okhmSjFCGfoUbF4q49XPc+Tdm2goqeuDC4Zx7ufeeIBbcWIQ+vNzK6tr6Rn6zsLW9s7tX3D9omyjRlLVoJCLdDYhhgivWstwK1o01IzIQrBNMrjK/c8+04ZG6tdOY+ZKMFA85JdZJd/2YaCIEE4NiCZURQhhjmBFcvUCO1Ou1Cq5BnFkOJbBEc1B87w8jmkimLBXEmB5GsfVToi2ngs0K/cSwmNAJGbGeo4pIZvx0fvAMnjhlCMNIu1IWztXvEymRxkxl4DolsWPz28vEv7xeYsOan3IVJ5YpulgUJgLaCGbfwyHXjFoxdYRQzd2tkI5dBNS6jAouhK9P4f+kXSnjs3Ll5rzUuFzGkQdH4BicAgyqoAGuQRO0AAUSPIAn8Oxp79F78V4XrTlvOXMIfsB7+wRA95C3</latexit>

= "collinear to"

,
<latexit sha1_base64="jkaRR1RBq4msrhklg60aTh00ozk=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t6MVjBfuB7VKyabYNzWaXJCuUpf/CiwdFvPpvvPlvzLYVVPTBwOO9GWbm+bHg2rjuh5NbWV1b38hvFra2d3b3ivsHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k6vM79wzpXkkb800Zl5IRpIHnBJjpbu+jIkiQjAxKJbcsuu6GGOUEVy9cC2p12sVXEM4syxKsERzUHzvDyOahEwaKojWPezGxkuJMpwKNiv0E81iQidkxHqWShIy7aXzi2foxCpDFETKljRorn6fSEmo9TT0bWdIzFj/9jLxL6+XmKDmpVzGiWGSLhYFiUAmQtn7aMgVo0ZMLSFUcXsromMbATU2pIIN4etT9D9pV8r4rFy5OS81Lpdx5OEIjuEUMFShAdfQhBZQkPAAT/DsaOfReXFeF605ZzlzCD/gvH0CEH6RLw==</latexit>

= "not collinear to"

Full theory diagrams for �(p1) + �(p2) �! �(p3) + �(p4) + hµ⌫(q)
<latexit sha1_base64="86OlABWn+SQugF8Hsrwl+cyb6GQ="></latexit>

with andq k p1
<latexit sha1_base64="iXHCZIDE8xvAfnvDqHPxGEmvDh0=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5JUse2u6MZlBfuAdhgyaaYNzczEJCPU0i9x40IRt36KO//GTFtBRQ9cOJxzL/feE0jBtUHow8mtrK6tb+Q3C1vbO7tFd2+/rZNUUdaiiUhUNyCaCR6zluFGsK5UjESBYJ1gfJn5nTumNE/iGzORzIvIMOYhp8RYyXeLt7AviSJCMAGlj323hMoIIYwxzAiuniNL6vVaBdcgziyLElii6bvv/UFC04jFhgqidQ8jabwpUYZTwWaFfqqZJHRMhqxnaUwipr3p/PAZPLbKAIaJshUbOFe/T0xJpPUkCmxnRMxI//Yy8S+vl5qw5k15LFPDYrpYFKYCmgRmKcABV4waMbGEUMXtrZCObAzU2KwKNoSvT+H/pF0p49Ny5fqs1LhYxpEHh+AInAAMqqABrkATtAAFKXgAT+DZuXcenRfnddGac5YzB+AHnLdPPxOS1Q==</latexit>

q , p2,3,4
<latexit sha1_base64="tpAKtTgB0rEdoa0/8FNGrst6/EI=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRbBRSmTabHtrujGZQX7gHYYMmnahmYyY5IRytiFv+LGhSJu/Q13/o2ZtoKKHrhwOOde7r3HjzhT2rY/rKXlldW19cxGdnNre2c3t7ffUmEsCW2SkIey42NFORO0qZnmtBNJigOf07Y/vkj99i2VioXiWk8i6gZ4KNiAEayN5OUOb2BPRFhizimHkZc4hVKhPPVyebto2zZCCKYEVc5sQ2q1qoOqEKWWQR4s0PBy771+SOKACk04VqqL7Ei7CZaaEU6n2V6saITJGA9p11CBA6rcZHb/FJ4YpQ8HoTQlNJyp3ycSHCg1CXzTGWA9Ur+9VPzL68Z6UHUTJqJYU0HmiwYxhzqEaRiwzyQlmk8MwUQycyskIxMG0SayrAnh61P4P2k5RVQqOlflfP18EUcGHIFjcAoQqIA6uAQN0AQE3IEH8ASerXvr0XqxXuetS9Zi5gD8gPX2CbI6lUE=</latexit>

:

hµ⌫ ⇠ qµq⌫
�

<latexit sha1_base64="rOO1TGf4Nv8/by6GLH43YeKdoTg="></latexit>

because

+ (t, u-channels)

⇠ �
<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

⇠ 1

�
<latexit sha1_base64="+D5NqcDzDFodgu+bjK14a87b0Jg=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIUkDW3dFd24rGAf0IQymUzaoZMHMxOhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu4d46fMiqkaX5opZXVtfWN8mZla3tnd0/fP+iKJOOYdHDCEt73kSCMxqQjqWSkn3KCIp+Rnj+5LPzeLeGCJvGNnKbEi9AopiHFSCppqB+5gkbQDTnCuTXLXaaiAZoN9appnDfrtlOHpmGaDcu2CmI3nJoDLaUUqIIl2kP93Q0SnEUklpghIQaWmUovR1xSzMis4maCpAhP0IgMFI1RRISXz++fwVOlBDBMuHqxhHP1eyJHkRDTyFeTEZJj8dsrxL+8QSbDppfTOM0kifFiUZgxKBNYlAEDygmWbKoIwpyqWyEeI9WFVJVVVAlfP4X/k65tWDXDvnaqrYtlHWVwDE7AGbBAA7TAFWiDDsDgDjyAJ/Cs3WuP2ov2uhgtacvMIfgB7e0Tdo+WaA==</latexit>

+ (t-channel) + (u-channel)+ +
1

2 3

4 1

2 3

4 1

2 3

4⇠ �
<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

⇠ �<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit> ⇠
�

<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

+ + +
1

2 3

4 1

2 3

4 1

2 3

4 1

2 3

4

⇠ 1
�

<latexit sha1_base64="+D5NqcDzDFodgu+bjK14a87b0Jg=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIUkDW3dFd24rGAf0IQymUzaoZMHMxOhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu4d46fMiqkaX5opZXVtfWN8mZla3tnd0/fP+iKJOOYdHDCEt73kSCMxqQjqWSkn3KCIp+Rnj+5LPzeLeGCJvGNnKbEi9AopiHFSCppqB+5gkbQDTnCuTXLXaaiAZoN9appnDfrtlOHpmGaDcu2CmI3nJoDLaUUqIIl2kP93Q0SnEUklpghIQaWmUovR1xSzMis4maCpAhP0IgMFI1RRISXz++fwVOlBDBMuHqxhHP1eyJHkRDTyFeTEZJj8dsrxL+8QSbDppfTOM0kifFiUZgxKBNYlAEDygmWbKoIwpyqWyEeI9WFVJVVVAlfP4X/k65tWDXDvnaqrYtlHWVwDE7AGbBAA7TAFWiDDsDgDjyAJ/Cs3WuP2ov2uhgtacvMIfgB7e0Tdo+WaA==</latexit>

⇠ 1
�

<latexit sha1_base64="+D5NqcDzDFodgu+bjK14a87b0Jg=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIUkDW3dFd24rGAf0IQymUzaoZMHMxOhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu4d46fMiqkaX5opZXVtfWN8mZla3tnd0/fP+iKJOOYdHDCEt73kSCMxqQjqWSkn3KCIp+Rnj+5LPzeLeGCJvGNnKbEi9AopiHFSCppqB+5gkbQDTnCuTXLXaaiAZoN9appnDfrtlOHpmGaDcu2CmI3nJoDLaUUqIIl2kP93Q0SnEUklpghIQaWmUovR1xSzMis4maCpAhP0IgMFI1RRISXz++fwVOlBDBMuHqxhHP1eyJHkRDTyFeTEZJj8dsrxL+8QSbDppfTOM0kifFiUZgxKBNYlAEDygmWbKoIwpyqWyEeI9WFVJVVVAlfP4X/k65tWDXDvnaqrYtlHWVwDE7AGbBAA7TAFWiDDsDgDjyAJ/Cs3WuP2ov2uhgtacvMIfgB7e0Tdo+WaA==</latexit>

⇠
1

�
<latexit sha1_base64="+D5NqcDzDFodgu+bjK14a87b0Jg=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIUkDW3dFd24rGAf0IQymUzaoZMHMxOhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu4d46fMiqkaX5opZXVtfWN8mZla3tnd0/fP+iKJOOYdHDCEt73kSCMxqQjqWSkn3KCIp+Rnj+5LPzeLeGCJvGNnKbEi9AopiHFSCppqB+5gkbQDTnCuTXLXaaiAZoN9appnDfrtlOHpmGaDcu2CmI3nJoDLaUUqIIl2kP93Q0SnEUklpghIQaWmUovR1xSzMis4maCpAhP0IgMFI1RRISXz++fwVOlBDBMuHqxhHP1eyJHkRDTyFeTEZJj8dsrxL+8QSbDppfTOM0kifFiUZgxKBNYlAEDygmWbKoIwpyqWyEeI9WFVJVVVAlfP4X/k65tWDXDvnaqrYtlHWVwDE7AGbBAA7TAFWiDDsDgDjyAJ/Cs3WuP2ov2uhgtacvMIfgB7e0Tdo+WaA==</latexit>

⇠ 1
�

<latexit sha1_base64="+D5NqcDzDFodgu+bjK14a87b0Jg=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIUkDW3dFd24rGAf0IQymUzaoZMHMxOhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu4d46fMiqkaX5opZXVtfWN8mZla3tnd0/fP+iKJOOYdHDCEt73kSCMxqQjqWSkn3KCIp+Rnj+5LPzeLeGCJvGNnKbEi9AopiHFSCppqB+5gkbQDTnCuTXLXaaiAZoN9appnDfrtlOHpmGaDcu2CmI3nJoDLaUUqIIl2kP93Q0SnEUklpghIQaWmUovR1xSzMis4maCpAhP0IgMFI1RRISXz++fwVOlBDBMuHqxhHP1eyJHkRDTyFeTEZJj8dsrxL+8QSbDppfTOM0kifFiUZgxKBNYlAEDygmWbKoIwpyqWyEeI9WFVJVVVAlfP4X/k65tWDXDvnaqrYtlHWVwDE7AGbBAA7TAFWiDDsDgDjyAJ/Cs3WuP2ov2uhgtacvMIfgB7e0Tdo+WaA==</latexit>

?

h = hµ
µ ⇠ q2

�
⇠ �

<latexit sha1_base64="vfaPzFjRoDtwhtMtdOwlkaQleGo="></latexit>



WRONG!  The grand total of Class B diagrams is          !⇠ �
<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

Each diagram = ⇠
1
� + 1 + �

1 + �+ �2
⇠ 1

�
+ 1 + �

<latexit sha1_base64="iBcX/VdKHhoQ48eJYEyccNSnls8="></latexit>

vertex
propagator

but
Sum of all diagrams          !⇠ �

<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

Cancellations of a large number of terms from a large number of diagrams!

SCET Lagrangian should tell us that collinear graviton interactions are manifestly         !⇠ �
<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

The first terms ever allowed by symmetries of EFT must be          from the outset. ⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

Such cancellations first were hinted at within eikonal approximation by Weinberg in 1965.

Such behaviors of collinear amplitudes are completely obscure in full theory Lagrangian.

We were able to derive such SCET. What follows is a quick run-through of our construction.

Such EFT will lead to efficient calculations of collinear gravitons without large cancellations!

But, if constructed properly,

Proven with a complete generality and rigor by Akhoury, Saotome and Sterman in 2011

via a typical "Sterman" style with power counting, combinatorics and Ward identities.

No cancellations or manipulations of terms should be necessary.



Two types of graviton couplings:

(1) Those unrelated by gauge invariance to 0-graviton terms:
Rµ⌫⇢�

<latexit sha1_base64="GVCR8dk4yfQOPaQCc2bED/5lMqw=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzKpYttd0Y3LKrYVOkPJpGkbmmSGJCPUofgrblwo4tb/cOffmGkrqOiBC4dz7uXee8KYM20878PJLSwuLa/kVwtr6xubW+72TktHiSK0SSIeqZsQa8qZpE3DDKc3saJYhJy2w9F55rdvqdIsktdmHNNA4IFkfUawsVLX3bvqpr5IfJn4ahj5mg0EnnTdolfyPA8hBDOCKqeeJbVatYyqEGWWRRHM0ei6734vIomg0hCOte4gLzZBipVhhNNJwU80jTEZ4QHtWCqxoDpIp9dP4KFVerAfKVvSwKn6fSLFQuuxCG2nwGaof3uZ+JfXSUy/GqRMxomhkswW9RMOTQSzKGCPKUoMH1uCiWL2VkiGWGFibGAFG8LXp/B/0iqX0HGpfHlSrJ/N48iDfXAAjgACFVAHF6ABmoCAO/AAnsCzc+88Oi/O66w158xndsEPOG+fd7CV5Q==</latexit>

Rµ⌫
<latexit sha1_base64="4AMXBDRS+ZDpGNIu4+8YPTKTmP4=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXZVLFtruiG5dV7AM7Q8mkaRuaZIY8hDL0L9y4UMStf+POvzHTVlDRAxcO59zLvfdECWfa+P6Ht7S8srq2ntvIb25t7+wW9vZbOraK0CaJeaw6EdaUM0mbhhlOO4miWESctqPxZea376nSLJa3ZpLQUOChZANGsHHS3U0vDYQNpJ32CkW/5Ps+QghmBFXOfUdqtWoZVSHKLIciWKDRK7wH/ZhYQaUhHGvdRX5iwhQrwwin03xgNU0wGeMh7ToqsaA6TGcXT+GxU/pwECtX0sCZ+n0ixULriYhcp8BmpH97mfiX17VmUA1TJhNrqCTzRQPLoYlh9j7sM0WJ4RNHMFHM3QrJCCtMjAsp70L4+hT+T1rlEjotla/PivWLRRw5cAiOwAlAoALq4Ao0QBMQIMEDeALPnvYevRfvdd665C1mDsAPeG+fJrKRPg==</latexit>

R
<latexit sha1_base64="tVEPP2RzthUcx6nu71OAJyvIJKI=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t6MVjK/YD2qVk02wbm80uSVYopb/AiwdFvPqTvPlvzLYVVPTBwOO9GWbm+bHg2rjuh5NZWV1b38hu5ra2d3b38vsHLR0lirImjUSkOj7RTHDJmoYbwTqxYiT0BWv746vUb98zpXkkb80kZl5IhpIHnBJjpcZNP19wi67rYoxRSnD5wrWkWq2UcAXh1LIowBL1fv69N4hoEjJpqCBad7EbG29KlOFUsFmul2gWEzomQ9a1VJKQaW86P3SGTqwyQEGkbEmD5ur3iSkJtZ6Evu0MiRnp314q/uV1ExNUvCmXcWKYpItFQSKQiVD6NRpwxagRE0sIVdzeiuiIKEKNzSZnQ/j6FP1PWqUiPiuWGueF2uUyjiwcwTGcAoYy1OAa6tAECgwe4AmenTvn0XlxXhetGWc5cwg/4Lx9AvrljRA=</latexit>

gµ⌫
<latexit sha1_base64="fX+zR5V7tsl3mx5W8/TYJNT3U94=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt0V3bisYB/YKSWTZtrQJDPkIZShf+HGhSJu/Rt3/o2ZtoKKHrhwOOde7r0nTDjTxvc/vNzK6tr6Rn6zsLW9s7tX3D9o69gqQlsk5rHqhlhTziRtGWY47SaKYhFy2gknV5nfuadKs1jemmlC+wKPJIsYwcZJd6NBGggbSDsbFEt+2fd9hBDMCKpe+I7U67UKqkGUWQ4lsERzUHwPhjGxgkpDONa6h/zE9FOsDCOczgqB1TTBZIJHtOeoxILqfjq/eAZPnDKEUaxcSQPn6veJFAutpyJ0nQKbsf7tZeJfXs+aqNZPmUysoZIsFkWWQxPD7H04ZIoSw6eOYKKYuxWSMVaYGBdSwYXw9Sn8n7QrZXRWrtyclxqXyzjy4Agcg1OAQBU0wDVoghYgQIIH8ASePe09ei/e66I15y1nDsEPeG+fR0ORUw==</latexit>

(2) Those related by gauge invariance to 0-graviton terms:

rµ
<latexit sha1_base64="oP/c83vCt7BF8esh4w0vwI4bJjM=">AAAB9XicdVDLSgMxFM3UV62vqks30SK4KkkV2+6KblxWsA/ojCWTZtrQTGZIMkoZ+h9uXCji1n9x59+YaSuo6IELh3Pu5d57/FhwbRD6cHJLyyura/n1wsbm1vZOcXevraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/fJn5nTumNI/kjZnEzAvJUPKAU2KsdOtK4gvST91DN0ym/WIJlRFCGGOYEVw9R5bU67UKrkGcWRYlsECzX3x3BxFNQiYNFUTrHkax8VKiDKeCTQtuollM6JgMWc9SSUKmvXR29RQeW2UAg0jZkgbO1O8TKQm1noS+7QyJGenfXib+5fUSE9S8lMs4MUzS+aIgEdBEMIsADrhi1IiJJYQqbm+FdEQUocYGVbAhfH0K/yftShmflivXZ6XGxSKOPDgAR+AEYFAFDXAFmqAFKFDgATyBZ+feeXRenNd5a85ZzOyDH3DePgG56JKs</latexit>

Wilson lines!

Type-1 objects are already         or higher:⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

Rµ⌫ ⇠ qµq⌫q2

�
⇠ �qµq⌫

<latexit sha1_base64="eOtAtb4I5/N5p5u138ENmaCNWGk="></latexit>

Largest components =

Largest components =

Rµ⌫⇢� ⇠ @⇤@⇤h⇤⇤ ⇠
q[µq⌫]q[⇢q�]

�
<latexit sha1_base64="3P/E4tJHggX4CHJaB9Gfg4rWaRU="></latexit>

So, any insertion of type-1 operators is manifestly         !⇠ �
<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

(and vierbein)

R�i�j ⇠
q�qiq�qj

�
⇠ 1 · � · 1 · �

�
⇠ �

<latexit sha1_base64="iX3wM/Wd29ww+9M7sD1SBO9veGU="></latexit>

R�� ⇠ �q�q� ⇠ �
<latexit sha1_base64="+wI3xfIo3vXtn2VlaS1s+O/wpb4="></latexit>

R ⇠ �q2 ⇠ �3
<latexit sha1_base64="eC7/Jm8kqS6m+kW7GeCgRG+qfYU="></latexit>



For type-2, we need to understand gauge symmetry structure:

My convention: Make everything a diff scalar by appropriately multiplying vierbeins.

Gauge group:

gµ⌫ = ⌘ab e
a
µe

b
⌫

<latexit sha1_base64="bxYBv1L4TAG2vmifl7hy+ngR+lY="></latexit>

eaµ = �aµ + 'a
µ

<latexit sha1_base64="YWeJs+nJ/L2GCQZ+sIyBsSC9RZg="></latexit>

hµ⌫ = 'µ⌫ + '⌫µ +O('2)
<latexit sha1_base64="giQgQSm7Vh82eJbMJF2Z61ZJypA="></latexit>

�Onc = 0
<latexit sha1_base64="zQ4PBsWiKo8/kWcn2HiNrLH6KNI="></latexit>

(e.g.,                )Oc = �1
<latexit sha1_base64="YR6yHssmFOpjWr//Mxy0rJ8/UUg=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyVTxbYLoejGnRXsA5oQJtNJO3TyYGYilBDc+CtuXCji1q9w5984aSuo6IELh3Pu5d57vJgzqSzrwygsLC4trxRXS2vrG5tb5vZOR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa98UXud2+pkCwKb9Qkpk6AhyHzGcFKS665l9oEc3iVuaktAkgyeAbteMRc5Jplq2JZFkII5gTVTi1NGo16FdUhyi2NMpij5Zrv9iAiSUBDRTiWso+sWDkpFooRTrOSnUgaYzLGQ9rXNMQBlU46fSGDh1oZQD8SukIFp+r3iRQHUk4CT3cGWI3kby8X//L6ifLrTsrCOFE0JLNFfsKhimCeBxwwQYniE00wEUzfCskIC0yUTq2kQ/j6FP5POtUKOq5Ur0/KzfN5HEWwDw7AEUCgBprgErRAGxBwBx7AE3g27o1H48V4nbUWjPnMLvgB4+0TCuqWkQ==</latexit>

(e.g.,                     )Onc = �2,3,4
<latexit sha1_base64="MbrR4N1Uf9rZZzaYq5ue4+wGzbE="></latexit>

SCET symmetry says that type-2 couplings must be         !⇠ �
<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

G = di↵ ⇥ Lorentz
<latexit sha1_base64="H6lOyTWg7zlGLw2lz5BAKh38s2Y=">AAACDHicdVDLSgMxFM34rPVVdekmWARXZVLFtguh6EIXLirYB3SGkkkzbWgmMyQZoQ7zAW78FTcuFHHrB7jzb8y0FVT0QOBwzrnc3ONFnClt2x/W3PzC4tJybiW/ura+sVnY2m6pMJaENknIQ9nxsKKcCdrUTHPaiSTFgcdp2xudZX77hkrFQnGtxxF1AzwQzGcEayP1CsVzeAITRwawz3w/hY5mAVVT5TKUVOjb1KTskm3bCCGYEVQ5tg2p1aplVIUoswyKYIZGr/Du9EMSB2aacKxUF9mRdhMsNSOcpnknVjTCZIQHtGuowGalm0yOSeG+UfrQD6V5QsOJ+n0iwYFS48AzyQDrofrtZeJfXjfWftVNmIhiTQWZLvJjDnUIs2ZMAZISzceGYCKZ+SskQywx0aa/vCnh61L4P2mVS+iwVL46KtZPZ3XkwC7YAwcAgQqogwvQAE1AwB14AE/g2bq3Hq0X63UanbNmMzvgB6y3T+ZEmvI=</latexit>

(diffeomorphism and local Lorentz)
Vierbein      , graviton field        , its relation to old graviton field        :eaµ

<latexit sha1_base64="QS0Cco29NgAZds/TapBo21D0i3Y=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9sx5JJ0zY0yQxJRihD/Qo3LhRx69+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNGGsKWvQUIS6HRDDBFesYbkVrB1pRmQgWCsYX6R+645pw0N1bScR8yUZKj7glFgn3bBb0kvuuzKe9vIFVEQIYYxhSnD5DDlSrVZKuAJxajkUwAL1Xv692w9pLJmyVBBjOhhF1k+ItpwKNs11Y8MiQsdkyDqOKiKZ8ZPZxVN45JQ+HITalbJwpn6fSIg0ZiID1ymJHZnfXir+5XViO6j4CVdRbJmi80WDWEAbwvR92OeaUSsmjhCqubsV0hHRhFoXUs6F8PUp/J80S0V8UixdnRZq54s4suAAHIJjgEEZ1MAlqIMGoECBB/AEnj3jPXov3uu8NeMtZvbBD3hvn0DdkU8=</latexit>

'µ⌫
<latexit sha1_base64="a7rL8ATez6Hsl2VeNq6EvAg1twc=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwVTJVbLsrunFZwT6gCWEynbZDJ5Mwj0IJ/RM3LhRx65+482+ctBVU9MCFwzn3cu89UcqZ0p734RTW1jc2t4rbpZ3dvf0D9/CooxIjCW2ThCeyF2FFORO0rZnmtJdKiuOI0240ucn97pRKxRJxr2cpDWI8EmzICNZWCl3Xn2KZjlmY+bHxhZmHbtmreJ6HEII5QbUrz5JGo15FdYhyy6IMVmiF7rs/SIiJqdCEY6X6yEt1kGGpGeF0XvKNoikmEzyifUsFjqkKssXlc3hmlQEcJtKW0HChfp/IcKzULI5sZ4z1WP32cvEvr2/0sB5kTKRGU0GWi4aGQ53APAY4YJISzWeWYCKZvRWSMZaYaBtWyYbw9Sn8n3SqFXRRqd5dlpvXqziK4AScgnOAQA00wS1ogTYgYAoewBN4djLn0XlxXpetBWc1cwx+wHn7BITPlD8=</latexit>

hµ⌫
<latexit sha1_base64="GVAAg3B/NY9fH060vVINgqFVXZ0=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt0V3bisYB/YKSWTZtrQJDPkIZShf+HGhSJu/Rt3/o2ZtoKKHrhwOOde7r0nTDjTxvc/vNzK6tr6Rn6zsLW9s7tX3D9o69gqQlsk5rHqhlhTziRtGWY47SaKYhFy2gknV5nfuadKs1jemmlC+wKPJIsYwcZJd+NBGggbSDsbFEt+2fd9hBDMCKpe+I7U67UKqkGUWQ4lsERzUHwPhjGxgkpDONa6h/zE9FOsDCOczgqB1TTBZIJHtOeoxILqfjq/eAZPnDKEUaxcSQPn6veJFAutpyJ0nQKbsf7tZeJfXs+aqNZPmUysoZIsFkWWQxPD7H04ZIoSw6eOYKKYuxWSMVaYGBdSwYXw9Sn8n7QrZXRWrtyclxqXyzjy4Agcg1OAQBU0wDVoghYgQIIH8ASePe09ei/e66I15y1nDsEPeG+fSNCRVA==</latexit>

Power counting:

'µ⌫ ⇠ hµ⌫ ⇠ qµq⌫
�

<latexit sha1_base64="J3vKXN0t67BvNdU6V23TAGCDFQc="></latexit>

⇠µ ⇠ qµ
�

<latexit sha1_base64="MWbTTzVG89Vc1xdOnGP8m0yyLNg="></latexit>

!µ⌫ ⇠
q[µq⌫]
�

<latexit sha1_base64="Eye2YcU+cjzJ0iZyZhp8UvXIv1c="></latexit>

�'µ⌫ = @⌫⇠µ + !µ⌫ + · · ·
<latexit sha1_base64="ho8c3156/xqpymh/3a0A6T+SyGQ="></latexit>

diff Lorentz

Also, in SCET, gauge transformations are also divided up into separate collinear sectors. 

So, for collinear sector of our interest (i.e., collinear to    ), collinear operators transform as p1
<latexit sha1_base64="I4UFQEikwqfTisd29wNGrfCSyWc=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t6MVjRfsB7VKyabYNzWaXJCuUpT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbm+bHg2rjuh5NbWV1b38hvFra2d3b3ivsHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k6vM79wzpXkk78w0Zl5IRpIHnBJjpdt4gAfFklt2XRdjjDKCqxeuJfV6rYJrCGeWRQmWaA6K7/1hRJOQSUMF0bqH3dh4KVGGU8FmhX6iWUzohIxYz1JJQqa9dH7qDJ1YZYiCSNmSBs3V7xMpCbWehr7tDIkZ699eJv7l9RIT1LyUyzgxTNLFoiARyEQo+xsNuWLUiKklhCpub0V0TBShxqZTsCF8fYr+J+1KGZ+VKzfnpcblMo48HMExnAKGKjTgGprQAgojeIAneHaE8+i8OK+L1pyznDmEH3DePgFNxI3S</latexit>

Graviton transformation under     :G
<latexit sha1_base64="U6UQ127wP6HJd0YIdD3pnyVbmKM=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PZW9KDHFuwHtEvJprNtbDa7JFmhlP4CLx4U8epP8ua/MdtWUNEHA4/3ZpiZ58eCa+O6H05mZXVtfSO7mdva3tndy+8ftHSUKAZNFolIdXyqQXAJTcONgE6sgIa+gLY/vkr99j0ozSN5ayYxeCEdSh5wRo2VGtf9fMEtuq5LCMEpIeUL15JqtVIiFUxSy6KAlqj38++9QcSSEKRhgmrdJW5svClVhjMBs1wv0RBTNqZD6FoqaQjam84PneETqwxwEClb0uC5+n1iSkOtJ6FvO0NqRvq3l4p/ed3EBBVvymWcGJBssShIBDYRTr/GA66AGTGxhDLF7a2YjaiizNhscjaEr0/x/6RVKpKzYqlxXqhdLuPIoiN0jE4RQWVUQzeojpqIIUAP6Ak9O3fOo/PivC5aM85y5hD9gPP2Ceo5jQU=</latexit>

As             , nothing transforms under collinear     , so type-2 collinear graviton  
couplings (i.e., those required by gauge invariance) vanish as             !

G
<latexit sha1_base64="U6UQ127wP6HJd0YIdD3pnyVbmKM=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PZW9KDHFuwHtEvJprNtbDa7JFmhlP4CLx4U8epP8ua/MdtWUNEHA4/3ZpiZ58eCa+O6H05mZXVtfSO7mdva3tndy+8ftHSUKAZNFolIdXyqQXAJTcONgE6sgIa+gLY/vkr99j0ozSN5ayYxeCEdSh5wRo2VGtf9fMEtuq5LCMEpIeUL15JqtVIiFUxSy6KAlqj38++9QcSSEKRhgmrdJW5svClVhjMBs1wv0RBTNqZD6FoqaQjam84PneETqwxwEClb0uC5+n1iSkOtJ6FvO0NqRvq3l4p/ed3EBBVvymWcGJBssShIBDYRTr/GA66AGTGxhDLF7a2YjaiizNhscjaEr0/x/6RVKpKzYqlxXqhdLuPIoiN0jE4RQWVUQzeojpqIIUAP6Ak9O3fOo/PivC5aM85y5hD9gPP2Ceo5jQU=</latexit>

� ! 0
<latexit sha1_base64="51a5YocN1fVEGMJovLm5GO5H2k8=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXJali213RjcsK9gGdoWQymTY0kxmTTKEM/Q43LhRx68e482/MtBVU9EDgcM655N7jJ4Jrg9CHs7K6tr6xWdgqbu/s7u2XDg47Ok4VZW0ai1j1fKKZ4JK1DTeC9RLFSOQL1vXH17nfnTCleSzvzDRhXkSGkoecEmMlzxU2GhDomhiiQamMKgghjDHMCa5dIksajXoV1yHOLYsyWKI1KL27QUzTiElDBdG6j1FivIwow6lgs6KbapYQOiZD1rdUkohpL5svPYOnVglgGCv7pIFz9ftERiKtp5FvkxExI/3by8W/vH5qwrqXcZmkhkm6+ChMBbQn5g3AgCtGjZhaQqjidldIR0QRamxPRVvC16Xwf9KpVvB5pXp7UW5eLesogGNwAs4ABjXQBDegBdqAgnvwAJ7AszNxHp0X53URXXGWM0fgB5y3TwsXkaI=</latexit>

� ! 0
<latexit sha1_base64="51a5YocN1fVEGMJovLm5GO5H2k8=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXJali213RjcsK9gGdoWQymTY0kxmTTKEM/Q43LhRx68e482/MtBVU9EDgcM655N7jJ4Jrg9CHs7K6tr6xWdgqbu/s7u2XDg47Ok4VZW0ai1j1fKKZ4JK1DTeC9RLFSOQL1vXH17nfnTCleSzvzDRhXkSGkoecEmMlzxU2GhDomhiiQamMKgghjDHMCa5dIksajXoV1yHOLYsyWKI1KL27QUzTiElDBdG6j1FivIwow6lgs6KbapYQOiZD1rdUkohpL5svPYOnVglgGCv7pIFz9ftERiKtp5FvkxExI/3by8W/vH5qwrqXcZmkhkm6+ChMBbQn5g3AgCtGjZhaQqjidldIR0QRamxPRVvC16Xwf9KpVvB5pXp7UW5eLesogGNwAs4ABjXQBDegBdqAgnvwAJ7AszNxHp0X53URXXGWM0fgB5y3TwsXkaI=</latexit>

�Oc = ⇠µ@µOc +
1

2
!µ⌫J

µ⌫
Oc ⇠

qµqµ
�

Oc + · · · ⇠ �Oc
<latexit sha1_base64="aH7dfNZ26FoxasjOlER5L74Is/M="></latexit>

So non-collinear operators do not transform under collinear     :G
<latexit sha1_base64="U6UQ127wP6HJd0YIdD3pnyVbmKM=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PZW9KDHFuwHtEvJprNtbDa7JFmhlP4CLx4U8epP8ua/MdtWUNEHA4/3ZpiZ58eCa+O6H05mZXVtfSO7mdva3tndy+8ftHSUKAZNFolIdXyqQXAJTcONgE6sgIa+gLY/vkr99j0ozSN5ayYxeCEdSh5wRo2VGtf9fMEtuq5LCMEpIeUL15JqtVIiFUxSy6KAlqj38++9QcSSEKRhgmrdJW5svClVhjMBs1wv0RBTNqZD6FoqaQjam84PneETqwxwEClb0uC5+n1iSkOtJ6FvO0NqRvq3l4p/ed3EBBVvymWcGJBssShIBDYRTr/GA66AGTGxhDLF7a2YjaiizNhscjaEr0/x/6RVKpKzYqlxXqhdLuPIoiN0jE4RQWVUQzeojpqIIUAP6Ak9O3fOo/PivC5aM85y5hD9gPP2Ceo5jQU=</latexit>



Two types of type-2 couplings:

(2A) Collinear graviton couplings to purely collinear operators.

(2B) Collinear graviton couplings to hard (= collinear + non-collinear) interactions.

Others arise from Wilson lines acting on collinear field inside hard interaction.

For Wilson lines, let's construct it and see.

Yes!

Therefore,              .

Arise from        ,       , and       inside the operators.gµ⌫
<latexit sha1_base64="fX+zR5V7tsl3mx5W8/TYJNT3U94=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt0V3bisYB/YKSWTZtrQJDPkIZShf+HGhSJu/Rt3/o2ZtoKKHrhwOOde7r0nTDjTxvc/vNzK6tr6Rn6zsLW9s7tX3D9o69gqQlsk5rHqhlhTziRtGWY47SaKYhFy2gknV5nfuadKs1jemmlC+wKPJIsYwcZJd6NBGggbSDsbFEt+2fd9hBDMCKpe+I7U67UKqkGUWQ4lsERzUHwPhjGxgkpDONa6h/zE9FOsDCOczgqB1TTBZIJHtOeoxILqfjq/eAZPnDKEUaxcSQPn6veJFAutpyJ0nQKbsf7tZeJfXs+aqNZPmUysoZIsFkWWQxPD7H04ZIoSw6eOYKKYuxWSMVaYGBdSwYXw9Sn8n7QrZXRWrtyclxqXyzjy4Agcg1OAQBU0wDVoghYgQIIH8ASePe09ei/e66I15y1nDsEPeG+fR0ORUw==</latexit>

rµ
<latexit sha1_base64="oP/c83vCt7BF8esh4w0vwI4bJjM=">AAAB9XicdVDLSgMxFM3UV62vqks30SK4KkkV2+6KblxWsA/ojCWTZtrQTGZIMkoZ+h9uXCji1n9x59+YaSuo6IELh3Pu5d57/FhwbRD6cHJLyyura/n1wsbm1vZOcXevraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/fJn5nTumNI/kjZnEzAvJUPKAU2KsdOtK4gvST91DN0ym/WIJlRFCGGOYEVw9R5bU67UKrkGcWRYlsECzX3x3BxFNQiYNFUTrHkax8VKiDKeCTQtuollM6JgMWc9SSUKmvXR29RQeW2UAg0jZkgbO1O8TKQm1noS+7QyJGenfXib+5fUSE9S8lMs4MUzS+aIgEdBEMIsADrhi1IiJJYQqbm+FdEQUocYGVbAhfH0K/yftShmflivXZ6XGxSKOPDgAR+AEYFAFDXAFmqAFKFDgATyBZ+feeXRenNd5a85ZzOyDH3DePgG56JKs</latexit>

eaµ
<latexit sha1_base64="QS0Cco29NgAZds/TapBo21D0i3Y=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9sx5JJ0zY0yQxJRihD/Qo3LhRx69+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNGGsKWvQUIS6HRDDBFesYbkVrB1pRmQgWCsYX6R+645pw0N1bScR8yUZKj7glFgn3bBb0kvuuzKe9vIFVEQIYYxhSnD5DDlSrVZKuAJxajkUwAL1Xv692w9pLJmyVBBjOhhF1k+ItpwKNs11Y8MiQsdkyDqOKiKZ8ZPZxVN45JQ+HITalbJwpn6fSIg0ZiID1ymJHZnfXir+5XViO6j4CVdRbJmi80WDWEAbwvR92OeaUSsmjhCqubsV0hHRhFoXUs6F8PUp/J80S0V8UixdnRZq54s4suAAHIJjgEEZ1MAlqIMGoECBB/AEnj3jPXov3uu8NeMtZvbBD3hvn0DdkU8=</latexit>

Boost frame such that                                                               .(p+, p�, pi) ⇠ (1,�2,�) �! (�,�,�)
<latexit sha1_base64="PB6SHmlw9uazrrszIYeS89fmy90="></latexit>

E ⇠ �
<latexit sha1_base64="OkjH8BDhiyK0YuT2n5KyG8UnLb4=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KIrisYB/QGUsmk7ahmcyQZJQy9D/cuFDErf/izr8x01ZQ0QOBwzn3cG+OHwuuDUIfTm5peWV1Lb9e2Njc2t4p7u61dZQoylo0EpHq+kQzwSVrGW4E68aKkdAXrOOPLzK/c8eU5pG8MZOYeSEZSj7glBgr3V5CV/MQusImAtIvllAZIYQxhhnB1TNkSb1eq+AaxJllUQILNPvFdzeIaBIyaaggWvcwio2XEmU4FWxacBPNYkLHZMh6lkoSMu2ls6un8MgqARxEyj5p4Ez9nkhJqPUk9O1kSMxI//Yy8S+vl5hBzUu5jBPDJJ0vGiQCmghmFcCAK0aNmFhCqOL2VkhHRBFqbFEFW8LXT+H/pF0p45Ny5fq01Dhf1JEHB+AQHAMMqqABrkATtAAFCjyAJ/Ds3DuPzovzOh/NOYvMPvgB5+0T6xOSJw==</latexit>

Are type-2A couplings manifestly        ?⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

Take a term in     containing a collinear       .  It's divided by         .MPl
<latexit sha1_base64="BEwI7AOGHcJ84e+4NMcyIiZbRIA=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJali213RjRuhgn1gO5RMmmlDk8yQZIQy9C/cuFDErX/jzr8x01ZQ0QMXDufcy733BLHgxiL04S0tr6yurec28ptb2zu7hb39lokSTVmTRiLSnYAYJrhiTcutYJ1YMyIDwdrB+DLz2/dMGx6pWzuJmS/JUPGQU2KddHfdT3tawoaY9gtFVEIIYYxhRnDlHDlSq1XLuApxZjkUwQKNfuG9N4hoIpmyVBBjuhjF1k+JtpwKNs33EsNiQsdkyLqOKiKZ8dPZxVN47JQBDCPtSlk4U79PpEQaM5GB65TEjsxvLxP/8rqJDat+ylWcWKbofFGYCGgjmL0PB1wzasXEEUI1d7dCOiKaUOtCyrsQvj6F/5NWuYRPS+Wbs2L9YhFHDhyCI3ACMKiAOrgCDdAEFCjwAJ7As2e8R+/Fe523LnmLmQPwA97bJ4NKkNM=</latexit>

L
<latexit sha1_base64="5fv/1euSNtaDfNcVD2p3ygYWmGM=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4Kpsqtr0VvXjwUMF+QLuUbJptQ7PZNckKZemf8OJBEa/+HW/+G7NtBRV9MPB4b4aZeX4suDau++EsLa+srq3nNvKbW9s7u4W9/ZaOEkVZk0YiUh2faCa4ZE3DjWCdWDES+oK1/fFl5rfvmdI8krdmEjMvJEPJA06JsVIn7VEi0PW0Xyi6Jdd1McYoI7hy7lpSq1XLuIpwZlkUYYFGv/DeG0Q0CZk0VBCtu9iNjZcSZTgVbJrvJZrFhI7JkHUtlSRk2ktn907RsVUGKIiULWnQTP0+kZJQ60no286QmJH+7WXiX143MUHVS7mME8MknS8KEoFMhLLn0YArRo2YWEKo4vZWREdEEWpsRHkbwten6H/SKpfwaal8c1asXyziyMEhHMEJYKhAHa6gAU2gIOABnuDZuXMenRfndd665CxmDuAHnLdP/9aP9A==</latexit>

hµ⌫
<latexit sha1_base64="GVAAg3B/NY9fH060vVINgqFVXZ0=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt0V3bisYB/YKSWTZtrQJDPkIZShf+HGhSJu/Rt3/o2ZtoKKHrhwOOde7r0nTDjTxvc/vNzK6tr6Rn6zsLW9s7tX3D9o69gqQlsk5rHqhlhTziRtGWY47SaKYhFy2gknV5nfuadKs1jemmlC+wKPJIsYwcZJd+NBGggbSDsbFEt+2fd9hBDMCKpe+I7U67UKqkGUWQ4lsERzUHwPhjGxgkpDONa6h/zE9FOsDCOczgqB1TTBZIJHtOeoxILqfjq/eAZPnDKEUaxcSQPn6veJFAutpyJ0nQKbsf7tZeJfXs+aqNZPmUysoZIsFkWWQxPD7H04ZIoSw6eOYKKYuxWSMVaYGBdSwYXw9Sn8n7QrZXRWrtyclxqXyzjy4Agcg1OAQBU0wDVoghYgQIIH8ASePe09ei/e66I15y1nDsEPeG+fSNCRVA==</latexit>

So, amplitude is                 . How does      scale with    ?E
<latexit sha1_base64="AvVhDA6NuwSRIAgjNNT+Wi/g6H0=">AAAB6XicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFRfAYxTwgWcLsZDYZMvtgZlYIS/7AiwdFvPpH3vwbZ5MIKlrQUFR1093lxVJog/GHs7S8srq2ntvIb25t7+wW9vZbOkoU400WyUh1PKq5FCFvGmEk78SK08CTvO2NLzO/fc+VFlF4ZyYxdwM6DIUvGDVWur1C/UIRlzDGhBCUEVI5x5bUatUyqSKSWRZFWKDRL7z3BhFLAh4aJqnWXYJj46ZUGcEkn+Z7ieYxZWM65F1LQxpw7aazS6fo2CoD5EfKVmjQTP0+kdJA60ng2c6AmpH+7WXiX143MX7VTUUYJ4aHbL7ITyQyEcreRgOhODNyYgllSthbERtRRZmx4eRtCF+fov9Jq1wip6XyzVmxfrGIIweHcAQnQKACdbiGBjSBgQ8P8ATPzth5dF6c13nrkrOYOYAfcN4+ATzpjS0=</latexit>

⇠ E/MPl
<latexit sha1_base64="OYt55pS/kDsv6Z8Hw8vXb/M3rP8=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqk6q2HZXFMGNUME+oC0lk6ZtaJIZkowwDPVX3LhQxK0f4s6/MdNWUNEDFw7n3Mu99/ghZ9p43oeTWVpeWV3Lruc2Nre2d9zdvaYOIkVogwQ8UG0fa8qZpA3DDKftUFEsfE5b/uQi9Vt3VGkWyFsTh7Qn8EiyISPYWKnv5ruaCXgJj+F1P+kqAet82ncLXtHzPIQQTAkqn3mWVKuVEqpAlFoWBbBAve++dwcBiQSVhnCsdQd5oeklWBlGOJ3mupGmISYTPKIdSyUWVPeS2fFTeGiVARwGypY0cKZ+n0iw0DoWvu0U2Iz1by8V//I6kRlWegmTYWSoJPNFw4hDE8A0CThgihLDY0swUczeCskYK0yMzStnQ/j6FP5PmqUiOimWbk4LtfNFHFmwDw7AEUCgDGrgCtRBAxAQgwfwBJ6de+fReXFe560ZZzGTBz/gvH0CLTuT1w==</latexit>

�
<latexit sha1_base64="azhSAcK3Pth2+zhqPQGclRRwy0Y=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqiRVbLsrunFZwdpCO5RMJtOGZh4kGaEM/Qg3LhRx6/e482/MtBVU9EDgcM655N7jJVJog/GHU1hZXVvfKG6WtrZ3dvfK+wd3Ok4V4x0Wy1j1PKq5FBHvGGEk7yWK09CTvOtNrnK/e8+VFnF0a6YJd0M6ikQgGDVW6g6kjfp0WK7gKsaYEIJyQuoX2JJms1EjDURyy6ICS7SH5feBH7M05JFhkmrdJzgxbkaVEUzyWWmQap5QNqEj3rc0oiHXbjZfd4ZOrOKjIFb2RQbN1e8TGQ21noaeTYbUjPVvLxf/8vqpCRpuJqIkNTxii4+CVCITo/x25AvFmZFTSyhTwu6K2JgqyoxtqGRL+LoU/U/ualVyVq3dnFdal8s6inAEx3AKBOrQgmtoQwcYTOABnuDZSZxH58V5XUQLznLmEH7AefsEiwmPtw==</latexit>

If term is purely collinear, everybody's boosted same way. All energy scales are         .⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

Are type-2B couplings manifestly        ?⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

Term is a scalar so          in all frames.⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

Some arise from        ,       , and       inside the operators.gµ⌫
<latexit sha1_base64="fX+zR5V7tsl3mx5W8/TYJNT3U94=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt0V3bisYB/YKSWTZtrQJDPkIZShf+HGhSJu/Rt3/o2ZtoKKHrhwOOde7r0nTDjTxvc/vNzK6tr6Rn6zsLW9s7tX3D9o69gqQlsk5rHqhlhTziRtGWY47SaKYhFy2gknV5nfuadKs1jemmlC+wKPJIsYwcZJd6NBGggbSDsbFEt+2fd9hBDMCKpe+I7U67UKqkGUWQ4lsERzUHwPhjGxgkpDONa6h/zE9FOsDCOczgqB1TTBZIJHtOeoxILqfjq/eAZPnDKEUaxcSQPn6veJFAutpyJ0nQKbsf7tZeJfXs+aqNZPmUysoZIsFkWWQxPD7H04ZIoSw6eOYKKYuxWSMVaYGBdSwYXw9Sn8n7QrZXRWrtyclxqXyzjy4Agcg1OAQBU0wDVoghYgQIIH8ASePe09ei/e66I15y1nDsEPeG+fR0ORUw==</latexit>

rµ
<latexit sha1_base64="oP/c83vCt7BF8esh4w0vwI4bJjM=">AAAB9XicdVDLSgMxFM3UV62vqks30SK4KkkV2+6KblxWsA/ojCWTZtrQTGZIMkoZ+h9uXCji1n9x59+YaSuo6IELh3Pu5d57/FhwbRD6cHJLyyura/n1wsbm1vZOcXevraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/fJn5nTumNI/kjZnEzAvJUPKAU2KsdOtK4gvST91DN0ym/WIJlRFCGGOYEVw9R5bU67UKrkGcWRYlsECzX3x3BxFNQiYNFUTrHkax8VKiDKeCTQtuollM6JgMWc9SSUKmvXR29RQeW2UAg0jZkgbO1O8TKQm1noS+7QyJGenfXib+5fUSE9S8lMs4MUzS+aIgEdBEMIsADrhi1IiJJYQqbm+FdEQUocYGVbAhfH0K/yftShmflivXZ6XGxSKOPDgAR+AEYFAFDXAFmqAFKFDgATyBZ+feeXRenNd5a85ZzOyDH3DePgG56JKs</latexit>

eaµ
<latexit sha1_base64="QS0Cco29NgAZds/TapBo21D0i3Y=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9sx5JJ0zY0yQxJRihD/Qo3LhRx69+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNGGsKWvQUIS6HRDDBFesYbkVrB1pRmQgWCsYX6R+645pw0N1bScR8yUZKj7glFgn3bBb0kvuuzKe9vIFVEQIYYxhSnD5DDlSrVZKuAJxajkUwAL1Xv692w9pLJmyVBBjOhhF1k+ItpwKNs11Y8MiQsdkyDqOKiKZ8ZPZxVN45JQ+HITalbJwpn6fSIg0ZiID1ymJHZnfXir+5XViO6j4CVdRbJmi80WDWEAbwvR92OeaUSsmjhCqubsV0hHRhFoXUs6F8PUp/J80S0V8UixdnRZq54s4suAAHIJjgEEZ1MAlqIMGoECBB/AEnj3jPXov3uu8NeMtZvbBD3hvn0DdkU8=</latexit>

Power counting shows those from        ,       , and       are         .gµ⌫
<latexit sha1_base64="fX+zR5V7tsl3mx5W8/TYJNT3U94=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt0V3bisYB/YKSWTZtrQJDPkIZShf+HGhSJu/Rt3/o2ZtoKKHrhwOOde7r0nTDjTxvc/vNzK6tr6Rn6zsLW9s7tX3D9o69gqQlsk5rHqhlhTziRtGWY47SaKYhFy2gknV5nfuadKs1jemmlC+wKPJIsYwcZJd6NBGggbSDsbFEt+2fd9hBDMCKpe+I7U67UKqkGUWQ4lsERzUHwPhjGxgkpDONa6h/zE9FOsDCOczgqB1TTBZIJHtOeoxILqfjq/eAZPnDKEUaxcSQPn6veJFAutpyJ0nQKbsf7tZeJfXs+aqNZPmUysoZIsFkWWQxPD7H04ZIoSw6eOYKKYuxWSMVaYGBdSwYXw9Sn8n7QrZXRWrtyclxqXyzjy4Agcg1OAQBU0wDVoghYgQIIH8ASePe09ei/e66I15y1nDsEPeG+fR0ORUw==</latexit>

rµ
<latexit sha1_base64="oP/c83vCt7BF8esh4w0vwI4bJjM=">AAAB9XicdVDLSgMxFM3UV62vqks30SK4KkkV2+6KblxWsA/ojCWTZtrQTGZIMkoZ+h9uXCji1n9x59+YaSuo6IELh3Pu5d57/FhwbRD6cHJLyyura/n1wsbm1vZOcXevraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/fJn5nTumNI/kjZnEzAvJUPKAU2KsdOtK4gvST91DN0ym/WIJlRFCGGOYEVw9R5bU67UKrkGcWRYlsECzX3x3BxFNQiYNFUTrHkax8VKiDKeCTQtuollM6JgMWc9SSUKmvXR29RQeW2UAg0jZkgbO1O8TKQm1noS+7QyJGenfXib+5fUSE9S8lMs4MUzS+aIgEdBEMIsADrhi1IiJJYQqbm+FdEQUocYGVbAhfH0K/yftShmflivXZ6XGxSKOPDgAR+AEYFAFDXAFmqAFKFDgATyBZ+feeXRenNd5a85ZzOyDH3DePgG56JKs</latexit>

eaµ
<latexit sha1_base64="QS0Cco29NgAZds/TapBo21D0i3Y=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9sx5JJ0zY0yQxJRihD/Qo3LhRx69+482/MtBVU9MCFwzn3cu89QSS4sQh9eJml5ZXVtex6bmNza3snv7vXNGGsKWvQUIS6HRDDBFesYbkVrB1pRmQgWCsYX6R+645pw0N1bScR8yUZKj7glFgn3bBb0kvuuzKe9vIFVEQIYYxhSnD5DDlSrVZKuAJxajkUwAL1Xv692w9pLJmyVBBjOhhF1k+ItpwKNs11Y8MiQsdkyDqOKiKZ8ZPZxVN45JQ+HITalbJwpn6fSIg0ZiID1ymJHZnfXir+5XViO6j4CVdRbJmi80WDWEAbwvR92OeaUSsmjhCqubsV0hHRhFoXUs6F8PUp/J80S0V8UixdnRZq54s4suAAHIJjgEEZ1MAlqIMGoECBB/AEnj3jPXov3uu8NeMtZvbBD3hvn0DdkU8=</latexit>

⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

(No time for showing this.)

But do building blocks of theory say they are manifestly          ?O(�)
<latexit sha1_base64="YZx+fMOTv0yB7FTHtlpl3MbHP0Y=">AAAB8XicdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6wHUomk2lDM5khyQhl6F+4caGIW//GnX9jpq2gogcCh3POJfceLxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xHNBJesZbgRrBsrRkJPsI43vsz8zj1Tmkfy1kxi5oZkKHnAKTFWursu9YUN++RkUCiiMkIIYwwzgqvnyJJ6vVbBNYgzy6IIFmgOCu99P6JJyKShgmjdwyg2bkqU4VSwab6faBYTOiZD1rNUkpBpN51tPIXHVvFhECn7pIEz9ftESkKtJ6FnkyExI/3by8S/vF5igpqbchknhkk6/yhIBDQRzM6HPleMGjGxhFDF7a6Qjogi1NiS8raEr0vh/6RdKePTcuXmrNi4WNSRA4fgCJQABlXQAFegCVqAAgkewBN4drTz6Lw4r/PokrOYOQA/4Lx9AvMykHU=</latexit>



Diff collinear Wilson lines:

�Oc = ⇠µ@µOc
<latexit sha1_base64="Bm6sjgjOdI1joZDImFXqe97/O/E="></latexit>

��µ
�� = @2

�⇠
µ

<latexit sha1_base64="N4Rl59U7pniNoyUKoQHXBZLXbbU="></latexit>

�(WdOc) = 0
<latexit sha1_base64="cSpMvnBbNapBErUPZw+SL0aDdUs="></latexit>

A collinear operator inside a hard interaction transforms under diff as

The rest of hard interaction is non-collinear so doesn't transform:                    .�Onc = 0
<latexit sha1_base64="zQ4PBsWiKo8/kWcn2HiNrLH6KNI="></latexit>

So, we must cancel right-hand side above for gauge invariance. Since

(Christoffel connection)

we see that this Wilson line,

does the job:

O(�2)
<latexit sha1_base64="13+mfgI8PJHJWuWtRc7zxMWY6UU=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6Kckott0V3bizgn1AZyyZTKYNzTxIMkIZ+htuXCji1p9x59+YaSuo6IHA4ZxzuTfHSwRXGqEPa2l5ZXVtvbBR3Nza3tkt7e13VJxKyto0FrHseUQxwSPW1lwL1kskI6EnWNcbX+Z+955JxePoVk8S5oZkGPGAU6KN5FxXHGHCPrmzTwalMqoihDDGMCe4do4MaTTqNq5DnFsGZbBAa1B6d/yYpiGLNBVEqT5GiXYzIjWngk2LTqpYQuiYDFnf0IiETLnZ7OYpPDaKD4NYmhdpOFO/T2QkVGoSeiYZEj1Sv71c/MvrpzqouxmPklSziM4XBamAOoZ5AdDnklEtJoYQKrm5FdIRkYRqU1PRlPD1U/g/6dhVfFq1b87KzYtFHQVwCI5ABWBQA01wBVqgDShIwAN4As9Waj1aL9brPLpkLWYOwA9Yb58e1JEZ</latexit>

to

And this coupling should be         .  Let's check:⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

Indeed!

1

@2
�
�µ
��@µ ⇠ 1

q2�

qµq�q�
�

qµ ⇠ �2

�
⇠ �

<latexit sha1_base64="7oL7ElXg7fWLZyVseGJz4Frq9AQ="></latexit>

1

@�
f(x�) =

Z x�

�1
ds f(s)

<latexit sha1_base64="9BNq+B1Xt1lkOMdDKQuFI1+sFUA="></latexit>

(Recall everything is made a diff scalar.)

�Wd = �
✓

1

@2
�
@2
�⇠

µ

◆
@µ = �⇠µ@µ

<latexit sha1_base64="0avH2gT4Sw/CNugH5VTPZ7IF8Lw="></latexit>

Wd = 1�
✓

1

@2
�
�µ
��

◆
@µ

<latexit sha1_base64="VBC0d0tA/1JY3yxvjUqr8VAPXK8="></latexit>



Lorentz collinear Wilson lines:

Local Lorentz group doesn't act on coordinates so direct analogy with spin-1 case holds:

WL = P̂ exp


� 1

2@�
��↵�J

↵�

�

<latexit sha1_base64="z+RZDPOsGPVMT3BU462F00qX0LU="></latexit>

WL = 1� 1

2@�
��↵�J

↵�

<latexit sha1_base64="Vv1bc1R+bKmwd5iUdH/6K6ECAp8="></latexit>

Let's check that this coupling is        :⇠ �
<latexit sha1_base64="W5mfQDyIhOPjjigErztitr5cZNs=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRVbHsrevFYwdpCdynZbLYNTbJLkhVK6Wt48aCIV1/Gm29jtq2gogOBYWY+vi8TpoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wd3Jsk0ZR2aiET3QmKY4Ip1LLeC9VLNiAwF64bjq9zv3jNteKJu7SRlgSRDxWNOiXWS7xsuoS9cPiKDcgVVEUIYY5gTXL9AjjSbjRpuQJxbDhWwRHtQfvejhGaSKUsFMaaPUWqDKdGWU8FmJT8zLCV0TIas76gikplgOr95Bk+cEsE40e4pC+fq94kpkcZMZOiSktiR+e3l4l9eP7NxI5hylWaWKbpYFGcC2gTmBcCIa0atmDhCqObuVkhHRBNqXU0lV8LXT+H/5K5WxWfV2s15pXW5rKMIjsAxOAUY1EELXIM26AAKUvAAnsCzl3mP3ov3uogWvOXMIfgB7+0TAwiRrg==</latexit>

�µ↵�
<latexit sha1_base64="HRkqsEdjOtrs8CsD0W2vyZ2245g=">AAACAHicdVA9SwNBEN2LXzF+nVpY2CwGwSrcRjFJF7SxjGASIRfC3GaTLNm9O3b3hHCk8a/YWChi68+w89+4l0RQ0QcDj/dmmJkXxIJr43kfTm5peWV1Lb9e2Njc2t5xd/daOkoUZU0aiUjdBqCZ4CFrGm4Eu40VAxkI1g7Gl5nfvmNK8yi8MZOYdSUMQz7gFIyVeu6BPwQpoZf6MvFBxCPwA2Zg2nOLXsnzPEIIzgipnHuW1GrVMqliklkWRbRAo+e++/2IJpKFhgrQukO82HRTUIZTwaYFP9EsBjqGIetYGoJkupvOHpjiY6v08SBStkKDZ+r3iRSk1hMZ2E4JZqR/e5n4l9dJzKDaTXkYJ4aFdL5okAhsIpylgftcMWrExBKgittbMR2BAmpsZgUbwten+H/SKpfIaal8fVasXyziyKNDdIROEEEVVEdXqIGaiKIpekBP6Nm5dx6dF+d13ppzFjP76Aect0+lPZcZ</latexit>

= spin connection

1

@�
��↵�J

↵�
Oc ⇠

1

q�

q�q[↵q�]
�

J↵�
Oc ⇠

q[↵q�]
�

J↵�
Oc �!

��

�
Oc ⇠ �Oc

<latexit sha1_base64="y9juYLmJ3c2DwsiVE0q32IzkWsU="></latexit>

J↵�
<latexit sha1_base64="j/2VPYEycBEZFBz+lLr8A4dFR9o=">AAAB+HicdVDLSgNBEJz1GeMjqx69DAbBU9iJYpJb0It4imAekF1D72SSDJl9MDMrxCVf4sWDIl79FG/+jbNJBBUtaCiquunu8mPBlXacD2tpeWV1bT23kd/c2t4p2Lt7LRUlkrImjUQkOz4oJnjImpprwTqxZBD4grX98UXmt++YVDwKb/QkZl4Aw5APOAVtpJ5duLpNXRDxCFyfaZj27KJTchyHEIIzQipnjiG1WrVMqphklkERLdDo2e9uP6JJwEJNBSjVJU6svRSk5lSwad5NFIuBjmHIuoaGEDDlpbPDp/jIKH08iKSpUOOZ+n0ihUCpSeCbzgD0SP32MvEvr5voQdVLeRgnmoV0vmiQCKwjnKWA+1wyqsXEEKCSm1sxHYEEqk1WeRPC16f4f9Iql8hJqXx9WqyfL+LIoQN0iI4RQRVUR5eogZqIogQ9oCf0bN1bj9aL9TpvXbIWM/voB6y3TzOmk3U=</latexit>

= Lorentz generator

(�,�,�)
<latexit sha1_base64="ggcGGP3X/38Cl0anvuer0C92Xek=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQQcqkim13RTcuK9gHtEPJZNI2NJMZkoxQhi7c+CtuXCji1o9w59+YaSto0QOBwznncnOPF3GmtON8WpmV1bX1jexmbmt7Z3fP3j9oqTCWhDZJyEPZ8bCinAna1Exz2okkxYHHadsbX6V++45KxUJxqycRdQM8FGzACNZG6tv5Yo+btI9P4TI56dsFp+Q4DkIIpgRVLhxDarVqGVUhSi2DAlig0bc/en5I4oAKTThWqoucSLsJlpoRTqe5XqxohMkYD2nXUIEDqtxkdsQUHhvFh4NQmic0nKk/JxIcKDUJPJMMsB6pZS8V//K6sR5U3YSJKNZUkPmiQcyhDmHaCPSZpETziSGYSGb+CskIS0y06S1nSvi+FP5PWuUSOiuVb84L9ctFHVmQB0egCBCogDq4Bg3QBATcg0fwDF6sB+vJerXe5tGMtZg5BL9gvX8BBbSXEw==</latexit>

Boost to                frame
Indeed!
So, exponential form not appropriate; it should be expanded:

Summary of collinear Wilson lines:
To make hard interaction invariant under collinear gauge group in question, do

Onc �! Onc
<latexit sha1_base64="57I9mGKpqnnV8K87kGzjZrJf+ZU="></latexit>

More generally, multiply each collinear sector by its own Wilson lines (and soft Wilson lines).

Oc �! WdW
�1
L Oc

<latexit sha1_base64="Ss80Up/k89XK9MNA2p57Twj2ywQ="></latexit>

The graviton couplings in these Wilson lines begin at         !                ⇠ �
<latexit sha1_base64="KOnd6CtJZhykQnIeAtApn/6vpcs=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuAzlAymbQNTTJDkhHK0N9w40IRt/6MO//GTFtBRQ8EDuecy705Ucqo0o7zYa2tb2xubZd2yrt7+weHlaPjrkoyiUkHJyyR/QgpwqggHU01I/1UEsQjRnrR9Lrwe/dEKpqIOz1LScjRWNARxUgbKQgU5TBgJh+jYaXq2JfNuufXoWM7TsP13IJ4Db/mQ9coBapghfaw8h7ECc44ERozpNTAdVId5khqihmZl4NMkRThKRqTgaECcaLCfHHzHJ4bJYajRJonNFyo3ydyxJWa8cgkOdIT9dsrxL+8QaZHzTCnIs00EXi5aJQxqBNYFABjKgnWbGYIwpKaWyGeIImwNjWVTQlfP4X/k65nuzXbu/WrratVHSVwCs7ABXBBA7TADWiDDsAgBQ/gCTxbmfVovVivy+iatZo5AT9gvX0CFiGRug==</latexit>

rµ = @µ +
1

2
�µabJ

ab

<latexit sha1_base64="5AOgc59yLc/u5pRj3CvKaxvN/I8="></latexit>



(      acts only on      )i@µ
<latexit sha1_base64="DDD74pcoIpxUr3ZFmwdbdnQkboU=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuyqSKbXdFNy4r2Ad0xpJJM21okhmSTKEM/RM3LhRx65+482/MtBVU9MCFwzn3JveeMOFMG8/7cFZW19Y3Ngtbxe2d3b199+CwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044vs79zoQqzWJ5Z6YJDQQeShYxgo2V+q6bze6Zn2BlGOZ9X6R9t+SVPc9DCMGcoOqlZ0m9XqugGkS5ZVECSzT77rs/iEkqqDSEY617yEtMkOUvEk5nRT/VNMFkjIe0Z6nEguogm28+g6dWGcAoVrakgXP1+0SGhdZTEdpOgc1I//Zy8S+vl5qoFmRMJqmhkiw+ilIOTQzzGOCAKUoMn1qCiWJ2V0hGWGFibFhFG8LXpfB/0q6U0Xm5cntRalwt4yiAY3ACzgACVdAAN6AJWoCACXgAT+DZyZxH58V5XbSuOMuZI/ADztsnZfmUKg==</latexit>

Oi
<latexit sha1_base64="KRVMMYoZ7tNM1nDulx1m3+gNkk4=">AAAB8XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsqtr0VvXizgv3AdinZNNuGZrNLkhXK0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPz/FhwbVz3w1laXlldW89t5De3tnd2C3v7LR0lirImjUSkOj7RTHDJmoYbwTqxYiT0BWv748vMb98zpXkkb80kZl5IhpIHnBJjpbu0R4lA19M+7xeKbsl1XYwxygiunLuW1GrVMq4inFkWRVig0S+89wYRTUImDRVE6y52Y+OlRBlOBZvme4lmMaFjMmRdSyUJmfbS2cVTdGyVAQoiZUsaNFO/T6Qk1HoS+rYzJGakf3uZ+JfXTUxQ9VIu48QwSeeLgkQgE6HsfTTgilEjJpYQqri9FdERUYQaG1LehvD1KfqftMolfFoq35wV6xeLOHJwCEdwAhgqUIcraEATKEh4gCd4drTz6Lw4r/PWJWcxcwA/4Lx9AoPOkNM=</latexit>

Lhard-0 = C�1�2�
⇤
3�

⇤
4

<latexit sha1_base64="SsBdu/7Ad0BQ8DaT0EoNuLBFphU="></latexit>

Go back to our example process                                                                      :�(p1) + �(p2) �! �(p3) + �(p4) + hµ⌫(q)
<latexit sha1_base64="86OlABWn+SQugF8Hsrwl+cyb6GQ="></latexit>

+ (t-channel) + (u-channel)
1

2 3

4

Matching at             (no collinear graviton at all):O(�0)
<latexit sha1_base64="uXaFvnngzbFodatBUZYDPb49YJc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6gM5ZMJm1DM5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3PO5d4cPxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/vsz8zj1Tmkfy1kxi5oVkKPmAU2Ks5F6XXGHDAblDJ/1CEZURQhhjmBFcPUeW1Ou1Cq5BnFkWRbBAs194d4OIJiGThgqidQ+j2HgpUYZTwaZ5N9EsJnRMhqxnqSQh0146u3kKj60SwEGk7JMGztTvEykJtZ6Evk2GxIz0by8T//J6iRnUvJTLODFM0vmiQSKgiWBWAAy4YtSIiSWEKm5vhXREFKHG1pS3JXz9FP5P2pUyPi1Xbs6KjYtFHTlwCI5ACWBQBQ1wBZqgBSiIwQN4As9O4jw6L87rPLrkLGYOwA84b58bypEX</latexit>

with

Lhard-0 �! Lhard-1 = C(1Wd�1)�2�
⇤
3�

⇤
4

<latexit sha1_base64="y5GZKpf/kKV+82pOJWohJg6h7aY="></latexit>

(Fixed by gauge invariance. No parameters.)

At             there are three operators:O(�)
<latexit sha1_base64="YZx+fMOTv0yB7FTHtlpl3MbHP0Y=">AAAB8XicdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6wHUomk2lDM5khyQhl6F+4caGIW//GnX9jpq2gogcCh3POJfceLxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xHNBJesZbgRrBsrRkJPsI43vsz8zj1Tmkfy1kxi5oZkKHnAKTFWursu9YUN++RkUCiiMkIIYwwzgqvnyJJ6vVbBNYgzy6IIFmgOCu99P6JJyKShgmjdwyg2bkqU4VSwab6faBYTOiZD1rNUkpBpN51tPIXHVvFhECn7pIEz9ftESkKtJ6FnkyExI/3by8S/vF5igpqbchknhkk6/yhIBDQRzM6HPleMGjGxhFDF7a6Qjogi1NiS8raEr0vh/6RdKePTcuXmrNi4WNSRA4fgCJQABlXQAFegCVqAAgkewBN4drTz6Lw4r/PokrOYOQA/4Lx9AvMykHU=</latexit>

To get                , just match         or       , which are already           so no cancellations occur!h�+
<latexit sha1_base64="D48Qc51guWFFGTJj08DCJ5LmwSc=">AAAB7XicdVDLSgMxFM3UV62vqks3wSIIYkmq2HZXdOOygn1AO5RMmraxmWRIMkIZ+g9uXCji1v9x59+YaSuo6IELh3Pu5d57gkhwYxH68DJLyyura9n13Mbm1vZOfnevaVSsKWtQJZRuB8QwwSVrWG4Fa0eakTAQrBWMr1K/dc+04Ure2knE/JAMJR9wSqyTmqNecnoy7eULqIgQwhjDlODyBXKkWq2UcAXi1HIogAXqvfx7t69oHDJpqSDGdDCKrJ8QbTkVbJrrxoZFhI7JkHUclSRkxk9m107hkVP6cKC0K2nhTP0+kZDQmEkYuM6Q2JH57aXiX14ntoOKn3AZxZZJOl80iAW0Cqavwz7XjFoxcYRQzd2tkI6IJtS6gHIuhK9P4f+kWSris2Lp5rxQu1zEkQUH4BAcAwzKoAauQR00AAV34AE8gWdPeY/ei/c6b814i5l98APe2ydnt48H</latexit>

Lhard-2,3
<latexit sha1_base64="0EO4x4fTkwWWiBtMoHnuZRAOmbY=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoMyRBi5I3z0jdSW1atDBIE1Rk3jjq4LwPZu6L5CFt+ittWhTRtl/Rrn/TPDWoqAMXDufcy733uKEUGmz7w0rNzS8sLqWXMyura+sb2c2tug4ixXiNBTJQDZdqLoXPayBA8kaoOPVcya/d4VniX99wpUXgX8Eo5G2P9n3RE4yCkTrZnbjFqMQX404L+C3EA6q6R85hYYw72Zydt22bEIITQoontiHlcskhJUwSyyCHZqh2su+tbsAij/vAJNW6SewQ2jFVIJjk40wr0jykbEj7vGmoTz2u2/HkhTHeN0oX9wJlygc8Ub9PxNTTeuS5ptOjMNC/vUT8y2tG0Cu1Y+GHEXCfTRf1IokhwEkeuCsUZyBHhlCmhLkVMxMCZWBSy5gQvj7F/5O6kyeFvHN5nKuczuJIo120hw4QQUVUQeeoimqIoTv0gJ7Qs3VvPVov1uu0NWXNZrbRD1hvn11XlsQ=</latexit>

O(�)
<latexit sha1_base64="YZx+fMOTv0yB7FTHtlpl3MbHP0Y=">AAAB8XicdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6wHUomk2lDM5khyQhl6F+4caGIW//GnX9jpq2gogcCh3POJfceLxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xHNBJesZbgRrBsrRkJPsI43vsz8zj1Tmkfy1kxi5oZkKHnAKTFWursu9YUN++RkUCiiMkIIYwwzgqvnyJJ6vVbBNYgzy6IIFmgOCu99P6JJyKShgmjdwyg2bkqU4VSwab6faBYTOiZD1rNUkpBpN51tPIXHVvFhECn7pIEz9ftESkKtJ6FnkyExI/3by8S/vF5igpqbchknhkk6/yhIBDQRzM6HPleMGjGxhFDF7a6Qjogi1NiS8raEr0vh/6RdKePTcuXmrNi4WNSRA4fgCJQABlXQAFegCVqAAgkewBN4drTz6Lw4r/PokrOYOQA/4Lx9AvMykHU=</latexit>

hij
<latexit sha1_base64="m8kFxzM7P2ubBSdBYoJxLmlCws8=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJali213RjcsK9gHtUDJppk2bSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0niAU3FqEPb2V1bX1jM7eV397Z3dsvHBy2jEo0ZU2qhNKdgBgmuGRNy61gnVgzEgWCtYPJdea375k2XMk7O42ZH5Gh5CGnxDqpNeqnfDzrF4qohBDCGMOM4MolcqRWq5ZxFeLMciiCJRr9wntvoGgSMWmpIMZ0MYqtnxJtORVslu8lhsWETsiQdR2VJGLGT+fXzuCpUwYwVNqVtHCufp9ISWTMNApcZ0TsyPz2MvEvr5vYsOqnXMaJZZIuFoWJgFbB7HU44JpRK6aOEKq5uxXSEdGEWhdQ3oXw9Sn8n7TKJXxeKt9eFOtXyzhy4BicgDOAQQXUwQ1ogCagYAwewBN49pT36L14r4vWFW85cwR+wHv7BCLpj4I=</latexit>

You only need a sheet of paper to get them and reproduce your student's full theory 
calculation (~ 20 pages with 19.5 pages of cancellations of              &            terms  
and half a page of answer)!!!

O(1/�)
<latexit sha1_base64="iZoSAFTPb4Bzcsxit5rWUUTc7is=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6qUkV2+6KbtxZwT6gM5RMJtOGZjJDkhFK6W+4caGIW3/GnX9jpq2gogcCh3PO5d4cPxFcG4Q+nKXlldW19dxGfnNre2e3sLff1nGqKGvRWMSq6xPNBJesZbgRrJsoRiJfsI4/usr8zj1TmsfyzowT5kVkIHnIKTFWcm9K+NQVNh6Qk36hiMoIIYwxzAiuXiBL6vVaBdcgziyLIlig2S+8u0FM04hJQwXRuodRYrwJUYZTwaZ5N9UsIXREBqxnqSQR095kdvMUHlslgGGs7JMGztTvExMSaT2OfJuMiBnq314m/uX1UhPWvAmXSWqYpPNFYSqgiWFWAAy4YtSIsSWEKm5vhXRIFKHG1pS3JXz9FP5P2pUyPitXbs+LjctFHTlwCI5ACWBQBQ1wDZqgBShIwAN4As9O6jw6L87rPLrkLGYOwA84b5/SzpDp</latexit>

O(�0)
<latexit sha1_base64="uXaFvnngzbFodatBUZYDPb49YJc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6gM5ZMJm1DM5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3PO5d4cPxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/vsz8zj1Tmkfy1kxi5oVkKPmAU2Ks5F6XXGHDAblDJ/1CEZURQhhjmBFcPUeW1Ou1Cq5BnFkWRbBAs194d4OIJiGThgqidQ+j2HgpUYZTwaZ5N9EsJnRMhqxnqSQh0146u3kKj60SwEGk7JMGztTvEykJtZ6Evk2GxIz0by8T//J6iRnUvJTLODFM0vmiQSKgiWBWAAy4YtSIiSWEKm5vhXREFKHG1pS3JXz9FP5P2pUyPi1Xbs6KjYtFHTlwCI5ACWBQBQ1wBZqgBSiIwQN4As9O4jw6L87rPLrkLGYOwA84b58bypEX</latexit>

C =
2

2

1
1@�

✓
1

2@+
+

1
3@+

+
1

4@+

◆

<latexit sha1_base64="M8NY2I+hbSOAFFWCvPv1fz57YoA="></latexit>

Lhard-2 =

✓
1

@3
�

1R�i�j

◆
C

✓
2@i

2@j

2@+
+ 3@i

3@j

3@+
+ 4@i

4@j

4@+

◆
�1�2�

⇤
3�

⇤
4

<latexit sha1_base64="pNwtxp56WbVsmSOfs6YvpxvGyxI="></latexit>

Lhard-3 =
1

2

✓
1

@2
�

1R��

◆
C�1�2�

⇤
3�

⇤
4

<latexit sha1_base64="GWrAz985RiulFmkWxt2ixR5J7Fc="></latexit>



Future directions:

* Implications of RPI (ongoing work with S. Chakraborty and A. Yunesi)

- Preliminary results:

- Goals:
+ To generally understand where and how RPI is useful.

+ To see if it makes sense to generalize "RPI" to include gravitons in transformations.

* Construct gravity SCET for Regge region

- Foreseeable challenges:
+ Glauber (or Newtonian?) modes
+ Rapidity divergences

+ No way to obtain           from             .O(�)
<latexit sha1_base64="YZx+fMOTv0yB7FTHtlpl3MbHP0Y=">AAAB8XicdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6wHUomk2lDM5khyQhl6F+4caGIW//GnX9jpq2gogcCh3POJfceLxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xHNBJesZbgRrBsrRkJPsI43vsz8zj1Tmkfy1kxi5oZkKHnAKTFWursu9YUN++RkUCiiMkIIYwwzgqvnyJJ6vVbBNYgzy6IIFmgOCu99P6JJyKShgmjdwyg2bkqU4VSwab6faBYTOiZD1rNUkpBpN51tPIXHVvFhECn7pIEz9ftESkKtJ6FnkyExI/3by8S/vF5igpqbchknhkk6/yhIBDQRzM6HPleMGjGxhFDF7a6Qjogi1NiS8raEr0vh/6RdKePTcuXmrNi4WNSRA4fgCJQABlXQAFegCVqAAgkewBN4drTz6Lw4r/PokrOYOQA/4Lx9AvMykHU=</latexit>

O(�0)
<latexit sha1_base64="uXaFvnngzbFodatBUZYDPb49YJc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6gM5ZMJm1DM5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3PO5d4cPxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/vsz8zj1Tmkfy1kxi5oVkKPmAU2Ks5F6XXGHDAblDJ/1CEZURQhhjmBFcPUeW1Ou1Cq5BnFkWRbBAs194d4OIJiGThgqidQ+j2HgpUYZTwaZ5N9EsJnRMhqxnqSQh0146u3kKj60SwEGk7JMGztTvEykJtZ6Evk2GxIz0by8T//J6iRnUvJTLODFM0vmiQSKgiWBWAAy4YtSIiSWEKm5vhXREFKHG1pS3JXz9FP5P2pUyPi1Xbs6KjYtFHTlwCI5ACWBQBQ1wBZqgBSiIwQN4As9O4jw6L87rPLrkLGYOwA84b58bypEX</latexit>

+ Some constraints/relations among           operators.O(�)
<latexit sha1_base64="YZx+fMOTv0yB7FTHtlpl3MbHP0Y=">AAAB8XicdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6wHUomk2lDM5khyQhl6F+4caGIW//GnX9jpq2gogcCh3POJfceLxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xHNBJesZbgRrBsrRkJPsI43vsz8zj1Tmkfy1kxi5oZkKHnAKTFWursu9YUN++RkUCiiMkIIYwwzgqvnyJJ6vVbBNYgzy6IIFmgOCu99P6JJyKShgmjdwyg2bkqU4VSwab6faBYTOiZD1rNUkpBpN51tPIXHVvFhECn7pIEz9ftESkKtJ6FnkyExI/3by8S/vF5igpqbchknhkk6/yhIBDQRzM6HPleMGjGxhFDF7a6Qjogi1NiS8raEr0vh/6RdKePTcuXmrNi4WNSRA4fgCJQABlXQAFegCVqAAgkewBN4drTz6Lw4r/PokrOYOQA/4Lx9AvMykHU=</latexit>

+ Some constraints/relations between           and             operators.O(�)
<latexit sha1_base64="YZx+fMOTv0yB7FTHtlpl3MbHP0Y=">AAAB8XicdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6wHUomk2lDM5khyQhl6F+4caGIW//GnX9jpq2gogcCh3POJfceLxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xHNBJesZbgRrBsrRkJPsI43vsz8zj1Tmkfy1kxi5oZkKHnAKTFWursu9YUN++RkUCiiMkIIYwwzgqvnyJJ6vVbBNYgzy6IIFmgOCu99P6JJyKShgmjdwyg2bkqU4VSwab6faBYTOiZD1rNUkpBpN51tPIXHVvFhECn7pIEz9ftESkKtJ6FnkyExI/3by8S/vF5igpqbchknhkk6/yhIBDQRzM6HPleMGjGxhFDF7a6Qjogi1NiS8raEr0vh/6RdKePTcuXmrNi4WNSRA4fgCJQABlXQAFegCVqAAgkewBN4drTz6Lw4r/PokrOYOQA/4Lx9AvMykHU=</latexit>

O(�2)
<latexit sha1_base64="13+mfgI8PJHJWuWtRc7zxMWY6UU=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6Kckott0V3bizgn1AZyyZTKYNzTxIMkIZ+htuXCji1p9x59+YaSuo6IHA4ZxzuTfHSwRXGqEPa2l5ZXVtvbBR3Nza3tkt7e13VJxKyto0FrHseUQxwSPW1lwL1kskI6EnWNcbX+Z+955JxePoVk8S5oZkGPGAU6KN5FxXHGHCPrmzTwalMqoihDDGMCe4do4MaTTqNq5DnFsGZbBAa1B6d/yYpiGLNBVEqT5GiXYzIjWngk2LTqpYQuiYDFnf0IiETLnZ7OYpPDaKD4NYmhdpOFO/T2QkVGoSeiYZEj1Sv71c/MvrpzqouxmPklSziM4XBamAOoZ5AdDnklEtJoYQKrm5FdIRkYRqU1PRlPD1U/g/6dhVfFq1b87KzYtFHQVwCI5ABWBQA01wBVqgDShIwAN4As9Waj1aL9brPLpkLWYOwA9Yb58e1JEZ</latexit>

* Sub-leading soft theorems by extending our construction to            .O(�2)
<latexit sha1_base64="13+mfgI8PJHJWuWtRc7zxMWY6UU=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6Kckott0V3bizgn1AZyyZTKYNzTxIMkIZ+htuXCji1p9x59+YaSuo6IHA4ZxzuTfHSwRXGqEPa2l5ZXVtvbBR3Nza3tkt7e13VJxKyto0FrHseUQxwSPW1lwL1kskI6EnWNcbX+Z+955JxePoVk8S5oZkGPGAU6KN5FxXHGHCPrmzTwalMqoihDDGMCe4do4MaTTqNq5DnFsGZbBAa1B6d/yYpiGLNBVEqT5GiXYzIjWngk2LTqpYQuiYDFnf0IiETLnZ7OYpPDaKD4NYmhdpOFO/T2QkVGoSeiYZEj1Sv71c/MvrpzqouxmPklSziM4XBamAOoZ5AdDnklEtJoYQKrm5FdIRkYRqU1PRlPD1U/g/6dhVfFq1b87KzYtFHQVwCI5ABWBQA01wBVqgDShIwAN4As9Waj1aL9brPLpkLWYOwA9Yb58e1JEZ</latexit>

Thank you!

(= Gravity analog of Rothstein and Stewart (2016))



Backup slides



From                                               we see that the     given above works and is the only

way that works!

�h++ = 2�'++ = 2@+⇠+
<latexit sha1_base64="xz1HHm2s1dK2+PgpZ1kWI948G4s="></latexit>

Y
<latexit sha1_base64="tRg6sXQ1z6jBjxw62EUd1muNPDU=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTMWqTupTUuF/Ah9yLxxnk7O+2BmXiDiL2jTooi2/aR2/ZvmqUFFHbhwOOde7r3Hi6XQBuMPJ7Oyura+kd3MbW3v7O7l9w9aOkoU400WyUh1PKq5FCFvGmEk78SK08CTvO2Nr1K/fc+VFlF4YyYxdwM6DIUvGDVWatz28wVcxBgTQlBKSPkCW1KtVkqkgkhqWRRgiXo//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dIZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+4UxHGieEhWyzyE4lMhNKv0UAozoycWEKZEvZWxEZUUWZsNjkbwten6H/SKhXJWbHUOC/ULpdxZOEIjuEUCJShBtdQhyYw4PAAT/Ds3DmPzovzumjNOMuZQ/gB5+0TBZCNFw==</latexit>

Soft gravitons:

In SCET, this should be re-derived as a consequence of effective soft gauge symmetry and 
BPS decoupling transformation.

It has long been known since Weinberg (1965) that soft gravitons couple at             via 

a soft Wilson line:

O(�0)
<latexit sha1_base64="uXaFvnngzbFodatBUZYDPb49YJc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6gM5ZMJm1DM5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3PO5d4cPxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/vsz8zj1Tmkfy1kxi5oVkKPmAU2Ks5F6XXGHDAblDJ/1CEZURQhhjmBFcPUeW1Ou1Cq5BnFkWRbBAs194d4OIJiGThgqidQ+j2HgpUYZTwaZ5N9EsJnRMhqxnqSQh0146u3kKj60SwEGk7JMGztTvEykJtZ6Evk2GxIz0by8T//J6iRnUvJTLODFM0vmiQSKgiWBWAAy4YtSIiSWEKm5vhXREFKHG1pS3JXz9FP5P2pUyPi1Xbs6KjYtFHTlwCI5ACWBQBQ1wBZqgBSiIwQN4As9O4jw6L87rPLrkLGYOwA84b58bypEX</latexit>

First, power counting is modified for soft gravitons:

qµ ⇠ �2 (µ = +,�, i)
<latexit sha1_base64="NQl2q/NkQKul7hctIiBvhmoiM1A="></latexit>

1 ⇠
Z

d4x (@⇤h⇤⇤)
2 ⇠ ��8(�2h⇤⇤)

2

<latexit sha1_base64="4UcsnizlY7K/hdbGKPVIW0BzXuU="></latexit>

hµ⌫ ⇠ �2
<latexit sha1_base64="/iOf8vqMvngETutkW+3eIigoOrQ=">AAACAnicdVDLSgMxFM34rPU16krcBIvgqkxGse2u6MZlBfuATi2ZNG1Dk8yQZIQyFDf+ihsXirj1K9z5N2baCip6IHA45x5u7gljzrTxvA9nYXFpeWU1t5Zf39jc2nZ3dhs6ShShdRLxSLVCrClnktYNM5y2YkWxCDlthqOLzG/eUqVZJK/NOKYdgQeS9RnBxkpdd3/YTQORBDKZwEAzAQNuwz1843fdglf0PA8hBDOCSmeeJZVK2UdliDLLogDmqHXd96AXkURQaQjHWreRF5tOipVhhNNJPkg0jTEZ4QFtWyqxoLqTTk+YwCOr9GA/UvZJA6fq90SKhdZjEdpJgc1Q//Yy8S+vnZh+uZMyGSeGSjJb1E84NBHM+oA9pigxfGwJJorZv0IyxAoTY1vL2xK+LoX/k4ZfRCdF/+q0UD2f15EDB+AQHAMESqAKLkEN1AEBd+ABPIFn5955dF6c19nogjPP7IEfcN4+ATCsl00=</latexit>

�Y = ⇠+Y @�
<latexit sha1_base64="TgTG0oi3VUpi21etHTkPdSunuH4=">AAACBnicdZDLSgMxFIYzXmu9jboUIVgEQSyTKrZdCEU3LivYi3SGIZNJ29DMhSQjlqErN76KGxeKuPUZ3Pk2ZtoKKnog8PH/5yQ5vxdzJpVlfRgzs3PzC4u5pfzyyuraurmx2ZRRIghtkIhHou1hSTkLaUMxxWk7FhQHHqctb3Ce+a0bKiSLwis1jKkT4F7IuoxgpSXX3LF9yhWG1/AU2rfMPdBkx1gohrl76JoFq2hZFkIIZoDKJ5aGarVSQhWIMktXAUyr7prvth+RJKChIhxL2UFWrJw0u49wOsrbiaQxJgPcox2NIQ6odNLxGiO4pxUfdiOhT6jgWP0+keJAymHg6c4Aq7787WXiX14nUd2Kk7IwThQNyeShbsKhimCWCfSZoETxoQZMBNN/haSPBSZKJ5fXIXxtCv+HZqmIjoqly+NC7WwaRw5sg12wDxAogxq4AHXQAATcgQfwBJ6Ne+PReDFeJ60zxnRmC/wo4+0TCTWXmA==</latexit>

Y = exp

✓
1

2@+
h++

◆
@�

�

<latexit sha1_base64="P6KQCKJYulRDrl6OpQrVFb1kdow="></latexit>

Soft gravitons do not care about spin (       ) at leading order!Jµ⌫
<latexit sha1_base64="9SmSGJv4l5LEvGqQKWHEdIR5VJ0=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXZVLFtruiG3FVwT6wM5RMmrahSWbIQyhD/8KNC0Xc+jfu/BszbQUVPXDhcM693HtPlHCmje9/eEvLK6tr67mN/ObW9s5uYW+/pWOrCG2SmMeqE2FNOZO0aZjhtJMoikXEaTsaX2Z++54qzWJ5ayYJDQUeSjZgBBsn3V330kDYQNppr1D0S77vI4RgRlDl3HekVquWURWizHIoggUavcJ70I+JFVQawrHWXeQnJkyxMoxwOs0HVtMEkzEe0q6jEguqw3R28RQeO6UPB7FyJQ2cqd8nUiy0nojIdQpsRvq3l4l/eV1rBtUwZTKxhkoyXzSwHJoYZu/DPlOUGD5xBBPF3K2QjLDCxLiQ8i6Er0/h/6RVLqHTUvnmrFi/WMSRA4fgCJwABCqgDq5AAzQBARI8gCfw7Gnv0XvxXuetS95i5gD8gPf2CRpKkTY=</latexit>

which further implies
⇠µ ⇠ 1 !µ⌫ ⇠ �2

<latexit sha1_base64="dhbPqz3Kad9RlBnilaIUq7WnJNo="></latexit>

�'µ⌫ = @⌫⇠µ + !µ⌫
<latexit sha1_base64="Teh3Aa9EJjTCAsMKCZ2Nbw5nywU="></latexit>

'µ⌫ ⇠ hµ⌫ ⇠ �2
<latexit sha1_base64="K9AL6EfHbSzk2THpGX2nU+QSDU0="></latexit>

and in

 can be eliminated by RPI as in spin-1 case (Larkoski, Neill and Stewart, 2014).O(�)
<latexit sha1_base64="YZx+fMOTv0yB7FTHtlpl3MbHP0Y=">AAAB8XicdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6wHUomk2lDM5khyQhl6F+4caGIW//GnX9jpq2gogcCh3POJfceLxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xHNBJesZbgRrBsrRkJPsI43vsz8zj1Tmkfy1kxi5oZkKHnAKTFWursu9YUN++RkUCiiMkIIYwwzgqvnyJJ6vVbBNYgzy6IIFmgOCu99P6JJyKShgmjdwyg2bkqU4VSwab6faBYTOiZD1rNUkpBpN51tPIXHVvFhECn7pIEz9ftESkKtJ6FnkyExI/3by8S/vF5igpqbchknhkk6/yhIBDQRzM6HPleMGjGxhFDF7a6Qjogi1NiS8raEr0vh/6RdKePTcuXmrNi4WNSRA4fgCJQABlXQAFegCVqAAgkewBN4drTz6Lw4r/PokrOYOQA/4Lx9AvMykHU=</latexit>

So, collinear matter fields transform as

�Oc = ⇠µ@µOc +
1

2
!µ⌫J

µ⌫
Oc = ⇠+@�Oc

<latexit sha1_base64="87kJgiu/QhOld+aHxx6ecp4OAiQ="></latexit>

O(�0)
<latexit sha1_base64="uXaFvnngzbFodatBUZYDPb49YJc=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6KUkV2+6KbtxZwT6gM5ZMJm1DM5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3PO5d4cPxZcG4Q+nKXlldW19dxGfnNre2e3sLff1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/vsz8zj1Tmkfy1kxi5oVkKPmAU2Ks5F6XXGHDAblDJ/1CEZURQhhjmBFcPUeW1Ou1Cq5BnFkWRbBAs194d4OIJiGThgqidQ+j2HgpUYZTwaZ5N9EsJnRMhqxnqSQh0146u3kKj60SwEGk7JMGztTvEykJtZ6Evk2GxIz0by8T//J6iRnUvJTLODFM0vmiQSKgiWBWAAy4YtSIiSWEKm5vhXREFKHG1pS3JXz9FP5P2pUyPi1Xbs6KjYtFHTlwCI5ACWBQBQ1wBZqgBSiIwQN4As9O4jw6L87rPLrkLGYOwA84b58bypEX</latexit>

at 

So, the soft Wilson line in BPS decoupling must transform as

[Beneke, Kirilin (2012)] [TO, Yunesi (2017)]



Comparison with "Soft collinear gravity" by Beneke and Kirilin (2012)

Their treatment of collinear gravitons is completely different from ours!
What they did with collinear gravitons:

Expressed the               couplings of           as a "Wilson line"            acting on 

non-collinear fields, where

WBK
<latexit sha1_base64="78CW1keAd5CpaAMMccAA6mo5Oo0=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXJali212pG8FNBfuAaSmZNNOGJpkhyQhl6Ge4caGIW7/GnX9jpq2gogcuHM65l3vvCWLBjUXow1tZXVvf2Mxt5bd3dvf2CweHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3Yas74kI8VDTol1kt8ZpD0tYeNmBgeFIiohhDDGMCO4cokcqdWqZVyFOLMcimCJ5qDw3htGNJFMWSqIMT5Gse2nRFtOBZvle4lhMaETMmK+o4pIZvrp/OQZPHXKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3l+YsNqP+UqTixTdLEoTAS0Ecz+h0OuGbVi6gihmrtbIR0TTah1KeVdCF+fwv9Ju1zC56Xy7UWx3ljGkQPH4AScAQwqoA6uQRO0AAUReABP4Nmz3qP34r0uWle85cwR+AHv7ROkX5DY</latexit>

h��<latexit sha1_base64="kXwMDsO2m7drZB2Nfpd/Nd8u79s=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4aUmq2HZXdOOygn1AO5RMmraxmWRIMkIZ+g9uXCji1v9x59+YaSuo6IELh3Pu5d57gkhwYxH68DIrq2vrG9nN3Nb2zu5efv+gZVSsKWtSJZTuBMQwwSVrWm4F60SakTAQrB1MrlK/fc+04Ure2mnE/JCMJB9ySqyTWuN+UizO+vkCKiGEMMYwJbhygRyp1aplXIU4tRwKYIlGP//eGygah0xaKogxXYwi6ydEW04Fm+V6sWERoRMyYl1HJQmZ8ZP5tTN44pQBHCrtSlo4V79PJCQ0ZhoGrjMkdmx+e6n4l9eN7bDqJ1xGsWWSLhYNYwGtgunrcMA1o1ZMHSFUc3crpGOiCbUuoJwL4etT+D9plUv4rFS+OS/UL5dxZMEROAanAIMKqINr0ABNQMEdeABP4NlT3qP34r0uWjPecuYQ/ID39glqwY8J</latexit>

O(1/�)
<latexit sha1_base64="iZoSAFTPb4Bzcsxit5rWUUTc7is=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6qUkV2+6KbtxZwT6gM5RMJtOGZjJDkhFK6W+4caGIW3/GnX9jpq2gogcCh3PO5d4cPxFcG4Q+nKXlldW19dxGfnNre2e3sLff1nGqKGvRWMSq6xPNBJesZbgRrJsoRiJfsI4/usr8zj1TmsfyzowT5kVkIHnIKTFWcm9K+NQVNh6Qk36hiMoIIYwxzAiuXiBL6vVaBdcgziyLIlig2S+8u0FM04hJQwXRuodRYrwJUYZTwaZ5N9UsIXREBqxnqSQR095kdvMUHlslgGGs7JMGztTvExMSaT2OfJuMiBnq314m/uX1UhPWvAmXSWqYpPNFYSqgiWFWAAy4YtSIsSWEKm5vhXRIFKHG1pS3JXz9FP5P2pUyPitXbs+LjctFHTlwCI5ACWBQBQ1wDZqgBShIwAN4As9O6jw6L87rPLrkLGYOwA84b5/SzpDp</latexit>

They don't show, nor implicitly imply, the cancellations of all                 terms 

with                                       as that would involve components other than          .

O(1/�p)
<latexit sha1_base64="gWFP4tbEiG10Oj0IDcoFqprkZp8=">AAAB+XicdVDLSgMxFM34rPU16tJNsAh1U5Mqtt0V3bizgn1AO5ZMJtOGZh4kmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uDfHjQVXGqEPa2l5ZXVtPbeR39za3tm19/ZbKkokZU0aiUh2XKKY4CFraq4F68SSkcAVrO2OrjK/PWZS8Si805OYOQEZhNznlGgj9W37pojhKewJE/HIfXzStwuohBDCGMOM4MoFMqRWq5ZxFeLMMiiABRp9+73nRTQJWKipIEp1MYq1kxKpORVsmu8lisWEjsiAdQ0NScCUk84un8Jjo3jQj6R5oYYz9XsiJYFSk8A1kwHRQ/Xby8S/vG6i/aqT8jBONAvpfJGfCKgjmNUAPS4Z1WJiCKGSm1shHRJJqDZl5U0JXz+F/5NWuYTPSuXb80L9clFHDhyCI1AEGFRAHVyDBmgCCsbgATyBZyu1Hq0X63U+umQtMgfgB6y3T4SOklA=</latexit>

N � 1  p  �N + 1
<latexit sha1_base64="CaOfp59l/K6/KiyCXj57sB/KXOk=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCIC1JFdvuim5clQr2Ae1QMmnahmYeJhmhDsVfceNCEbf+hzv/xkxbQUUPXO7hnHvJzXFDwZVG6MNKLSwuLa+kVzNr6xubW/b2TkMFkaSsTgMRyJZLFBPcZ3XNtWCtUDLiuYI13dFF4jdvmVQ88K/1OGSORwY+73NKtJG69l41h2FHsBsYzlqueoy7dhblEUIYY5gQXDxDhpTLpQIuQZxYBlkwR61rv3d6AY085msqiFJtjELtxERqTgWbZDqRYiGhIzJgbUN94jHlxNPrJ/DQKD3YD6QpX8Op+n0jJp5SY881kx7RQ/XbS8S/vHak+yUn5n4YaebT2UP9SEAdwCQK2OOSUS3GhhAqubkV0iGRhGoTWMaE8PVT+D9pFPL4JF+4Os1WzudxpME+OABHAIMiqIBLUAN1QMEdeABP4Nm6tx6tF+t1Npqy5ju74Aest0+KIpNc</latexit>

h��<latexit sha1_base64="kXwMDsO2m7drZB2Nfpd/Nd8u79s=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4aUmq2HZXdOOygn1AO5RMmraxmWRIMkIZ+g9uXCji1v9x59+YaSuo6IELh3Pu5d57gkhwYxH68DIrq2vrG9nN3Nb2zu5efv+gZVSsKWtSJZTuBMQwwSVrWm4F60SakTAQrB1MrlK/fc+04Ure2mnE/JCMJB9ySqyTWuN+UizO+vkCKiGEMMYwJbhygRyp1aplXIU4tRwKYIlGP//eGygah0xaKogxXYwi6ydEW04Fm+V6sWERoRMyYl1HJQmZ8ZP5tTN44pQBHCrtSlo4V79PJCQ0ZhoGrjMkdmx+e6n4l9eN7bDqJ1xGsWWSLhYNYwGtgunrcMA1o1ZMHSFUc3crpGOiCbUuoJwL4etT+D9plUv4rFS+OS/UL5dxZMEROAanAIMKqINr0ABNQMEdeABP4NlT3qP34r0uWjPecuYQ/ID39glqwY8J</latexit>

In the SCET as described in our work, it is manifest that the amplitude is             .O(�N )
<latexit sha1_base64="FS/SbU2FXBwCOmpN92kNE/a390w=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUTUmq2HZXdONKK9gHdMaSyWTa0MyDJCOUob/hxoUibv0Zd/6NmbaCih4IHM45l3tz3FhwpRH6sHJLyyura/n1wsbm1vZOcXevo6JEUtamkYhkzyWKCR6ytuZasF4sGQlcwbru+CLzu/dMKh6Ft3oSMycgw5D7nBJtJPu6bAsT9sjd1fGgWEIVhBDGGGYE186QIY1GvYrrEGeWQQks0BoU320voknAQk0FUaqPUaydlEjNqWDTgp0oFhM6JkPWNzQkAVNOOrt5Co+M4kE/kuaFGs7U7xMpCZSaBK5JBkSP1G8vE//y+on2607KwzjRLKTzRX4ioI5gVgD0uGRUi4khhEpuboV0RCSh2tRUMCV8/RT+TzrVCj6pVG9OS83zRR15cAAOQRlgUANNcAlaoA0oiMEDeALPVmI9Wi/W6zyasxYz++AHrLdPSWCRNQ==</latexit>

But           does reproduces all the                  terms for      collinear graviton emissions 

that come from non-collinear external lines (but not those from internal lines).

WBK
<latexit sha1_base64="78CW1keAd5CpaAMMccAA6mo5Oo0=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXJali212pG8FNBfuAaSmZNNOGJpkhyQhl6Ge4caGIW7/GnX9jpq2gogcuHM65l3vvCWLBjUXow1tZXVvf2Mxt5bd3dvf2CweHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3Yas74kI8VDTol1kt8ZpD0tYeNmBgeFIiohhDDGMCO4cokcqdWqZVyFOLMcimCJ5qDw3htGNJFMWSqIMT5Gse2nRFtOBZvle4lhMaETMmK+o4pIZvrp/OQZPHXKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3l+YsNqP+UqTixTdLEoTAS0Ecz+h0OuGbVi6gihmrtbIR0TTah1KeVdCF+fwv9Ju1zC56Xy7UWx3ljGkQPH4AScAQwqoA6uQRO0AAUReABP4Nmz3qP34r0uWle85cwR+AHv7ROkX5DY</latexit>

O(1/�N )
<latexit sha1_base64="e7HeQt/g9jv+2vgqwiIH3BX81+E=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWom5pUse2u6MaVVrAPaMeSyaRtaOZBkimUoX/ixoUibv0Td/6NmbaCih4IHM65h3tz3EhwpRH6sDJLyyura9n13Mbm1vaOvbvXVGEsKWvQUISy7RLFBA9YQ3MtWDuSjPiuYC13dJn6rTGTiofBnZ5EzPHJIOB9Tok2Us+2bwoYnsCuMBGP3F8f9+w8KiKEMMYwJbh8jgypVislXIE4tQzyYIF6z37veiGNfRZoKohSHYwi7SREak4Fm+a6sWIRoSMyYB1DA+Iz5SSzy6fwyCge7IfSvEDDmfo9kRBfqYnvmkmf6KH67aXiX14n1v2Kk/AgijUL6HxRPxZQhzCtAXpcMqrFxBBCJTe3QjokklBtysqZEr5+Cv8nzVIRnxZLt2f52sWijiw4AIegADAogxq4AnXQABSMwQN4As9WYj1aL9brfDRjLTL74Aest09Q5JIu</latexit>

N
<latexit sha1_base64="uyugc9Y6jfth7YzrN30BOYVjWRw=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PZW9OJJWrAf0C4lm862sdnskmSFUvoLvHhQxKs/yZv/xmxbQUUfDDzem2Fmnh8Lro3rfjiZldW19Y3sZm5re2d3L79/0NJRohg0WSQi1fGpBsElNA03AjqxAhr6Atr++Cr12/egNI/krZnE4IV0KHnAGTVWatz08wW36LouIQSnhJQvXEuq1UqJVDBJLYsCWqLez7/3BhFLQpCGCap1l7ix8aZUGc4EzHK9RENM2ZgOoWuppCFobzo/dIZPrDLAQaRsSYPn6veJKQ21noS+7QypGenfXir+5XUTE1S8KZdxYkCyxaIgEdhEOP0aD7gCZsTEEsoUt7diNqKKMmOzydkQvj7F/5NWqUjOiqXGeaF2uYwji47QMTpFBJVRDV2jOmoihgA9oCf07Nw5j86L87pozTjLmUP0A87bJ/TVjQw=</latexit>

WBK = exp
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<latexit sha1_base64="1N/hOINDzBx3dWI0dlUYwsbC/18="></latexit>

They showed that           can be eliminated by field redefinition, thereby

demonstrating the                  contributions are actually absent. They also

identified an explicit gauge transformation to go to gauge away        .

WBK
<latexit sha1_base64="78CW1keAd5CpaAMMccAA6mo5Oo0=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXJali212pG8FNBfuAaSmZNNOGJpkhyQhl6Ge4caGIW7/GnX9jpq2gogcuHM65l3vvCWLBjUXow1tZXVvf2Mxt5bd3dvf2CweHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3Yas74kI8VDTol1kt8ZpD0tYeNmBgeFIiohhDDGMCO4cokcqdWqZVyFOLMcimCJ5qDw3htGNJFMWSqIMT5Gse2nRFtOBZvle4lhMaETMmK+o4pIZvrp/OQZPHXKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3l+YsNqP+UqTixTdLEoTAS0Ecz+h0OuGbVi6gihmrtbIR0TTah1KeVdCF+fwv9Ju1zC56Xy7UWx3ljGkQPH4AScAQwqoA6uQRO0AAUReABP4Nmz3qP34r0uWle85cwR+AHv7ROkX5DY</latexit>

O(1/�N )
<latexit sha1_base64="e7HeQt/g9jv+2vgqwiIH3BX81+E=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWom5pUse2u6MaVVrAPaMeSyaRtaOZBkimUoX/ixoUibv0Td/6NmbaCih4IHM65h3tz3EhwpRH6sDJLyyura9n13Mbm1vaOvbvXVGEsKWvQUISy7RLFBA9YQ3MtWDuSjPiuYC13dJn6rTGTiofBnZ5EzPHJIOB9Tok2Us+2bwoYnsCuMBGP3F8f9+w8KiKEMMYwJbh8jgypVislXIE4tQzyYIF6z37veiGNfRZoKohSHYwi7SREak4Fm+a6sWIRoSMyYB1DA+Iz5SSzy6fwyCge7IfSvEDDmfo9kRBfqYnvmkmf6KH67aXiX14n1v2Kk/AgijUL6HxRPxZQhzCtAXpcMqrFxBBCJTe3QjokklBtysqZEr5+Cv8nzVIRnxZLt2f52sWijiw4AIegADAogxq4AnXQABSMwQN4As9WYj1aL9brfDRjLTL74Aest09Q5JIu</latexit>

h��<latexit sha1_base64="kXwMDsO2m7drZB2Nfpd/Nd8u79s=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4aUmq2HZXdOOygn1AO5RMmraxmWRIMkIZ+g9uXCji1v9x59+YaSuo6IELh3Pu5d57gkhwYxH68DIrq2vrG9nN3Nb2zu5efv+gZVSsKWtSJZTuBMQwwSVrWm4F60SakTAQrB1MrlK/fc+04Ure2mnE/JCMJB9ySqyTWuN+UizO+vkCKiGEMMYwJbhygRyp1aplXIU4tRwKYIlGP//eGygah0xaKogxXYwi6ydEW04Fm+V6sWERoRMyYl1HJQmZ8ZP5tTN44pQBHCrtSlo4V79PJCQ0ZhoGrjMkdmx+e6n4l9eN7bDqJ1xGsWWSLhYNYwGtgunrcMA1o1ZMHSFUc3crpGOiCbUuoJwL4etT+D9plUv4rFS+OS/UL5dxZMEROAanAIMKqINr0ABNQMEdeABP4NlT3qP34r0uWjPecuYQ/ID39glqwY8J</latexit>

Unlike our Wilson lines, neither the form of           or the rule for how it enters     is 

dictated by symmetry. Recall that in SCET a collinear Wilson line cannot act on a 

non-collinear field. Symmetries lead to        and       , not          .

L
<latexit sha1_base64="5fv/1euSNtaDfNcVD2p3ygYWmGM=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4Kpsqtr0VvXjwUMF+QLuUbJptQ7PZNckKZemf8OJBEa/+HW/+G7NtBRV9MPB4b4aZeX4suDau++EsLa+srq3nNvKbW9s7u4W9/ZaOEkVZk0YiUh2faCa4ZE3DjWCdWDES+oK1/fFl5rfvmdI8krdmEjMvJEPJA06JsVIn7VEi0PW0Xyi6Jdd1McYoI7hy7lpSq1XLuIpwZlkUYYFGv/DeG0Q0CZk0VBCtu9iNjZcSZTgVbJrvJZrFhI7JkHUtlSRk2ktn907RsVUGKIiULWnQTP0+kZJQ60no286QmJH+7WXiX143MUHVS7mME8MknS8KEoFMhLLn0YArRo2YWEKo4vZWREdEEWpsRHkbwten6H/SKpfwaal8c1asXyziyMEhHMEJYKhAHa6gAU2gIOABnuDZuXMenRfndd665CxmDuAHnLdP/9aP9A==</latexit>

WBK
<latexit sha1_base64="78CW1keAd5CpaAMMccAA6mo5Oo0=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXJali212pG8FNBfuAaSmZNNOGJpkhyQhl6Ge4caGIW7/GnX9jpq2gogcuHM65l3vvCWLBjUXow1tZXVvf2Mxt5bd3dvf2CweHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3Yas74kI8VDTol1kt8ZpD0tYeNmBgeFIiohhDDGMCO4cokcqdWqZVyFOLMcimCJ5qDw3htGNJFMWSqIMT5Gse2nRFtOBZvle4lhMaETMmK+o4pIZvrp/OQZPHXKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3l+YsNqP+UqTixTdLEoTAS0Ecz+h0OuGbVi6gihmrtbIR0TTah1KeVdCF+fwv9Ju1zC56Xy7UWx3ljGkQPH4AScAQwqoA6uQRO0AAUReABP4Nmz3qP34r0uWle85cwR+AHv7ROkX5DY</latexit>

WL
<latexit sha1_base64="tb9ZLL0gve0BR0tkpqeu8k4DaNI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJali213RjQsXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6NmbaCih64cDjnXu69J4gFNxahD29peWV1bT23kd/c2t7ZLeztt0yUaMqaNBKR7gTEMMEVa1puBevEmhEZCNYOxpeZ375n2vBI3dpJzHxJhoqHnBLrpLt2P+1pCa+n/UIRlRBCGGOYEVw5R47UatUyrkKcWQ5FsECjX3jvDSKaSKYsFcSYLkax9VOiLaeCTfO9xLCY0DEZsq6jikhm/HR28BQeO2UAw0i7UhbO1O8TKZHGTGTgOiWxI/Pby8S/vG5iw6qfchUnlik6XxQmAtoIZt/DAdeMWjFxhFDN3a2Qjogm1LqM8i6Er0/h/6RVLuHTUvnmrFi/WMSRA4fgCJwADCqgDq5AAzQBBRI8gCfw7Gnv0XvxXuetS95i5gD8gPf2CcC9kGM=</latexit>

Wd
<latexit sha1_base64="dSI+5FZKX+BvvCQOZJmenJKKGow=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9ph5LJpG1okhmSjFCGfoUbF4q49XPc+Tdm2goqeuDC4Zx7ufeeIBbcWIQ+vNzK6tr6Rn6zsLW9s7tX3D9omyjRlLVoJCLdDYhhgivWstwK1o01IzIQrBNMrjK/c8+04ZG6tdOY+ZKMFB9ySqyT7jqDtK8lDGeDYgmVEUIYY5gRXL1AjtTrtQquQZxZDiWwRHNQfO+HEU0kU5YKYkwPo9j6KdGWU8FmhX5iWEzohIxYz1FFJDN+Oj94Bk+cEsJhpF0pC+fq94mUSGOmMnCdktix+e1l4l9eL7HDmp9yFSeWKbpYNEwEtBHMvoch14xaMXWEUM3drZCOiSbUuowKLoSvT+H/pF0p47Ny5ea81LhcxpEHR+AYnAIMqqABrkETtAAFEjyAJ/Dsae/Re/FeF605bzlzCH7Ae/sE5TWQew==</latexit>
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