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Automation

For what concerns perturbative computation of physical cross-sections

Reliable evaluation  
of finite integrands 

reproducing the x-section
Automation

IR singularities

Amplitudes have pinched IR singularities, so they cannot be Monte Carlo integrated.


However, we know that physical cross-sections are finite (Bloch-Nordsieck, KLN)

So there must exist a local representation of the cross-section that is finite, i.e. 
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is Lebesgue integrable

Actually, there are infinite local representations…
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In relativistic quantum mechanics we measure cross-sections. Cross-sections can be 
expressed as power-series in the coupling of the theory
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The correction can itself be expressed as the integral over the phase space of external 
particles of two amplitudes, which themselves are sums of Feynman diagrams 
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...
<latexit sha1_base64="GwMJNPJoKeQiEEscP5twvGWalHU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadn1gR6DXjxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uMBFcG8/7dgorq2vrG8XN0tb2zu5eef+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPR7dRvPqHSPJaPZpxgENGB5H3OqLHSg+u63XLFc70ZyDLxc1KBHLVu+avTi1kaoTRMUK3bvpeYIKPKcCZwUuqkGhPKRnSAbUsljVAH2ezUCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif105N/zrIuExSg5LNF/VTQUxMpn+THlfIjBhbQpni9lbChlRRZmw6JRuCv/jyMmmcuf65e3l/Uane5HEU4QiO4RR8uIIq3EEN6sBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wdOKI0p</latexit>

AA?
<latexit sha1_base64="QcQU2JPyd/zIMrypxtGi5fNZDEs=">AAAB73icbVDJSgNBEK1xjXGLevTSGARPYcYFPSZ68RjBLJCMoafTkzTp6Rm7a4Qw5Ce8eFDEq7/jzb+xsxw08UHB470qquoFiRQGXffbWVpeWV1bz23kN7e2d3YLe/t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgZuw3nrg2Ilb3OEy4H9GeEqFgFK3UrFQe2gap7hSKbsmdgCwSb0aKMEO1U/hqd2OWRlwhk9SYlucm6GdUo2CSj/Lt1PCEsgHt8Zalikbc+Nnk3hE5tkqXhLG2pZBM1N8TGY2MGUaB7Ywo9s28Nxb/81ophld+JlSSIldsuihMJcGYjJ8nXaE5Qzm0hDIt7K2E9ammDG1EeRuCN//yIqmflryz0sXdebF8PYsjB4dwBCfgwSWU4RaqUAMGEp7hFd6cR+fFeXc+pq1LzmzmAP7A+fwBu1uPxw==</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> +
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>
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Interference diagram
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This amplitude is plagued with infrared divergences, which 
correspond to particles going collinear or soft

e.g. k1
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We want to construct an integral representation of          That is locally free of 
divergences, so that we can feed it to a Monte Carlo integrator  
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f
<latexit sha1_base64="09Cl4nx1vkbjOfMuFOLj1NlfC8c=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUD3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPzTWM8Q==</latexit>

is integrable

k1
<latexit sha1_base64="pOAxby6xtWtrdOkg69AXayifiPg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpYdTzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559fL+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/6F42a</latexit>

=

Z
d4k1g

<latexit sha1_base64="/7tqtkErC+PwGroRIfiLUZWzk7M=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRa0Y1QdOOygn1Am5bJZNIOnUzCzEQpof/hxoUibv0Xd/6NkzYLbT0wcDjnXu6Z48WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFSUSEKbJOKR7HhYUc4EbWqmOe3EkuLQ47TtjW8zv/1IpWKReNCTmLohHgoWMIK1kfrXPSY08vu18cBBw0G5YlftGdAycXJSgRyNQfmr50ckCanQhGOluo4dazfFUjPC6bTUSxSNMRnjIe0aKnBIlZvOUk/RiVF8FETSPBNipv7eSHGo1CT0zGSI9Ugtepn4n9dNdHDlpkzEiaaCzA8FCUc6QlkFyGeSEs0nhmAimcmKyAhLTLQpqmRKcBa/vExaZ1XnvHpxX6vUb/I6inAEx3AKDlxCHe6gAU0gIOEZXuHNerJerHfrYz5asPKdQ/gD6/MH/cCRiQ==</latexit>

k1
<latexit sha1_base64="pOAxby6xtWtrdOkg69AXayifiPg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpYdTzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559fL+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/6F42a</latexit>

p1
<latexit sha1_base64="yrc5jfeYx3Q2BBOmKcQR2QYCB+s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcBxI2f</latexit>

p1 � k1
<latexit sha1_base64="WTNZTFi30puKvboCsSsCfdErCf0=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzAOTJcxOZpMhs7PLTK8QlvyFFw+KePVvvPk3TpI9aGLBDEVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ34zSeujYjVA44S7ke0r0QoGEUrPSZdj5ySof27pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTTcek2Or9EgYa/sUkqn6uyOjkTGjKLCVEcWBmfcm4n9eO8Xw2s+ESlLkis0GhakkGJPJ+aQnNGcoR5ZQpoXdlbAB1ZShDaloQ/DmT14kjbOKd165vL8oV2/yOApwCEdwAh5cQRXuoAZ1YKDgGV7hzTHOi/PufMxKl5y85wD+wPn8AWHkj20=</latexit>

p1 � k1//k1
<latexit sha1_base64="5ebSGyWtouqr2IzFD1ldx+3T7qs=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSGx0CY8BGMFC2OR6ENqo8hxndaq40S2U6mK+icsDCDEyp+w8Tc4bQZoOZJ9j865V74+QcKZ0o7zba2srq1vbJa2yts7u3v79sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6D7322MqFYvFk54k1IvwQLCQEayN5Nt24rvoHI3MXavlxbcrTtWZAS0TtyAVKNDw7a9ePyZpRIUmHCvVdZ1EexmWmhFOp+VeqmiCyQgPaNdQgSOqvGy2+RSdGqWPwliaIzSaqb8nMhwpNYkC0xlhPVSLXi7+53VTHd56GRNJqqkg84fClCMdozwG1GeSEs0nhmAimdkVkSGWmGgTVtmE4C5+eZm0LqruZfX68apSvyviKMExnMAZuHADdXiABjSBwBie4RXerMx6sd6tj3nrilXMHMEfWJ8/BaaRUw==</latexit>
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How to construct it? Let’s start with LTD

We know that the external particle phase space measure looks like

And the integration over virtual degrees of freedom of the left and right amplitude

nleftY

i=1

d4ki
(2⇡)4

<latexit sha1_base64="BQ9xNhbzzTvyzfFtoIGU2+uTWzo="></latexit>

nrightY

i=1

d4ki
(2⇡)4

<latexit sha1_base64="qQ0ynvD5Y0WcxAOyk7tNrfu+Lwo="></latexit>

Then integrating the energies d4ki ! d3~ki
<latexit sha1_base64="8KKp26oSLv7yAAZDheIGTcH3XOQ=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQktgrGChbFI9CE1aeQ4TmvVcSLbKaqiziz8CgsDCLHyBWz8DW6bAVqOdKWjc+7Vvff4CaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjFOBSRPHLBYdH0nCKCdNRRUjnUQQFPmMtP3hzdRvj4iQNOb3apwQN0J9TkOKkdKSZx4HvRocehQ6gvYHCgkRP8CgV4XOiOBsOPGoZ5atijUDXCZ2TsogR8Mzv5wgxmlEuMIMSdm1rUS5GRKKYkYmJSeVJEF4iPqkqylHEZFuNntlAk+1EsAwFrq4gjP190SGIinHka87I6QGctGbiv953VSFV25GeZIqwvF8UZgyqGI4zQUGVBCs2FgThAXVt0I8QAJhpdMr6RDsxZeXSeu8YlcrF3e1cv06j6MIjsAJOAM2uAR1cAsaoAkweATP4BW8GU/Gi/FufMxbC0Y+cwj+wPj8AUOEmgQ=</latexit>

                                                                               (via LTD) brings us closer to the 
objective, since we have that integration on loops and external particles are on 
the same footing! 

d⇧ext = �

 
Q0 �

mX

i=1

p0i

!
mY

j=1

d3~pj
2p0j (2⇡)

3

<latexit sha1_base64="J5a/t6MZUlM0cz25Zfn64+IryTw="></latexit>

p1
<latexit sha1_base64="yrc5jfeYx3Q2BBOmKcQR2QYCB+s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcBxI2f</latexit>

p2
<latexit sha1_base64="DT/+hOYcAtQFdMWa92EvcL9XJ00=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9JL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14p1XLu8vyrWbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEDSI2g</latexit>

k1
<latexit sha1_base64="pOAxby6xtWtrdOkg69AXayifiPg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpYdTzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559fL+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/6F42a</latexit>

Computed numerically

Computed analytically
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The super-graph
Given a graph with         loopsL

<latexit sha1_base64="ruPhR1dRXPkqRT4MaQU4+IbT71g=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx48JGAekCxhdtJJxszOLjOzQljyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEsuDau++3kVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9up33xCpXkkH8w4Rj+kA8n7nFFjpdp9t1hyy+4MZJl4GSlBhmq3+NXpRSwJURomqNZtz42Nn1JlOBM4KXQSjTFlIzrAtqWShqj9dHbohJxYpUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+2nXMaJQcnmi/qJICYi069JjytkRowtoUxxeythQ6ooMzabgg3BW3x5mTTOyt55+bJ2UarcZHHk4QiO4RQ8uIIK3EEV6sAA4Rle4c15dF6cd+dj3ppzsplD+APn8welzYzX</latexit>

We can construct a class of interference diagrams

Instead of constructing interference diagrams from amplitudes, we do the opposite

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>
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!7

It turns out that the sum over all these interference diagrams is IR finite!

Each of the amplitudes can be expressed in the LTD representation.

The integrand can be cast in a way that is locally finite, so it can be 
Monte Carlo integrated

We get something that looks like

Z  LY

i=1

d3~ki
(2⇡)3

!

<latexit sha1_base64="xLuKVNljhZGj79QYyVUDbh/aYdQ="></latexit>

 

<latexit sha1_base64="ic0XsUyeApFZMaxNJR4dumV2MOw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9j1gR5DvHiMYB6QLGF2MrsZMzuzzMwKYck/ePGgiFf/x5t/4yTZgyYWNBRV3XR3BQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I9xJFjICDZWavcbLIqqg3LFrblzoFXi5aQCOZqD8ld/KEkaU2EIx1r3PDcxfoaVYYTTaamfappgMsYR7VkqcEy1n82vnaIzqwxRKJUtYdBc/T2R4VjrSRzYzhibkV72ZuJ/Xi814Y2fMZGkhgqyWBSmHBmJZq+jIVOUGD6xBBPF7K2IjLDCxNiASjYEb/nlVdI+r3kXtav7y0q9kcdRhBM4hSp4cA11uIMmtIDAIzzDK7w50nlx3p2PRWvByWeO4Q+czx/0Co66</latexit>

!

<latexit sha1_base64="7mLmjOaLy9BsGSxl4P3P6b6rEPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOgl7DrAz2GePEYwTwgWcLsZHYzZnZmmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuChLOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlqmitAmkVyqToA15UzQpmGG006iKI4DTtvB6Hbqt5+o0kyKBzNOqB/jSLCQEWys1OrVWRSd9csVt+rOgJaJl5MK5Gj0y1+9gSRpTIUhHGvd9dzE+BlWhhFOJ6VeqmmCyQhHtGupwDHVfja7doJOrDJAoVS2hEEz9fdEhmOtx3FgO2NshnrRm4r/ed3UhDd+xkSSGirIfFGYcmQkmr6OBkxRYvjYEkwUs7ciMsQKE2MDKtkQvMWXl0nrvOpdVK/uLyu1eh5HEY7gGE7Bg2uowR00oAkEHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4A9Y6Ouw==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

� ⇡
<latexit sha1_base64="VAEH9xxxaxH/LngiMXAgIO05QnY=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjMu6DHoxWMEs0BmCD2dnqRJb3b3BMOQ7/DiQRGvfow3/8ZOMgdNfFDweK+KqnqxYtRY3//2Ciura+sbxc3S1vbO7l55/6BpZKoxaWDJpG7HyBBGBWlYahlpK00QjxlpxcPbqd8aEW2oFA92rEjEUV/QhGJknRSFhvY5CpFSWj51yxW/6s8Al0mQkwrIUe+Wv8KexCknwmKGjOkEvrJRhrSlmJFJKUwNUQgPUZ90HBWIExNls6Mn8MQpPZhI7UpYOFN/T2SIGzPmsevkyA7MojcV//M6qU2uo4wKlVoi8HxRkjJoJZwmAHtUE2zZ2BGENXW3QjxAGmHrciq5EILFl5dJ86wanFcv7y8qtZs8jiI4AsfgFATgCtTAHaiDBsDgETyDV/DmjbwX7937mLcWvHzmEPyB9/kDN+ySZg==</latexit>
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Local Unitarity: a representation of differential cross-sections that is locally free of IR singularities at any order
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This series of steps allows to identify the singularities of a cross-section 
and to construct an integrand that is locally free of IR divergences

• No counter-terms 

• No dimensional regularisation 

• Not process specific 

• Fully numerical and automatable 

• Differential

Also has a lot of interesting theoretical repercussions

• Initial states with higher multiplicities 

• Beyond LSZ 

• Infrared scales from theory 

• Classification of singularities and the systematics 

of their cancellations


