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The Standard Model of Particle Physics

The SM of particle physics has been instrumental in accurately 
predicting properties of the fundamental particles including its 
Masses and Couplings to other fundamental particles

The most recent is being the discovery of the Higgs Boson 
at the LHC which lead to 2013 Nobel Prize to Peter Higgs 
and  Francois Englert

However, the SM is not the ultimate theory; it has limitations…
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What to do? Experiment         Theory<latexit sha1_base64="2hAsjOBUjDqjNCSH1ebLb+Ey3RQ=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0nT2tZb0YvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdNWUNEHA4/3ZpiZ58eCa7DtDyuzsrq2vpHdzG1t7+zu5fcP2lomirIWlUKqrk80EzxiLeAgWDdWjIS+YB1/fJn6nTumNJfRLUxi5oVkGPGAUwJGcns3fDgCopS87+cLdvG8XnXOHGwXbbvmlKspcWoVp4xLRklRQEs0+/n33kDSJGQRUEG0dkt2DN6UKOBUsFmul2gWEzomQ+YaGpGQaW86P3mGT4wywIFUpiLAc/X7xJSEWk9C33SGBEb6t5eKf3luAkHdm/IoToBFdLEoSAQGidP/8YArRkFMDCFUcXMrpiOiCAWTUs6E8PUp/p+0nWKpWqxcVwqNi2UcWXSEjtEpKqEaaqAr1EQtRJFED+gJPVtgPVov1uuiNWMtZw7RD1hvn/bykbo=</latexit>)
The Large Hadron Collider Thumb rule for a theoretical physicist

Experiment Theory

Outcome Predictions

Compare

One approach: study beyond the SM to explain the New Physics

Other approach: precision study within the SM
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Precision Era of Particle Physics

Observable of interest <latexit sha1_base64="O3BOmfnFT17+hMubPoFZzvH8RPY="></latexit>

O = p
+1X

n=0

nCn

Coupling

Perturbative 
contributions

<latexit sha1_base64="bulEvQmnW1Sy5ktnRkRo15WdAKo=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4Gmamta2uit24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMqNKO82Hl1tY3Nrfy24Wd3b39g+LhUUdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYNrM/O49kYpG4k7PYuJzNBY0pBjpTGoOnathseTYl/Wqd+FBx3acmleuZsSrVbwydI2SoQRWaA2L74NRhBNOhMYMKdV3nVj7KZKaYkbmhUGiSIzwFI1J31CBOFF+urh1Ds+MMoJhJE0JDRfq94kUcaVmPDCdHOmJ+u1l4l9eP9Fh3U+piBNNBF4uChMGdQSzx+GISoI1mxmCsKTmVognSCKsTTwFE8LXp/B/0vFst2pXbiulxvUqjjw4AafgHLigBhrgBrRAG2AwAQ/gCTxb3Hq0XqzXZWvOWs0cgx+w3j4BnOeN+w==</latexit>

C0 : Leading Order (LO)
<latexit sha1_base64="DsYiRXgX5y9dl4fv9hv18F7ed9g=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4Gmamta2uit24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMqNKO82Hl1tY3Nrfy24Wd3b39g+LhUUdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYNrM/O49kYpG4k7PYuJzNBY0pBjpTGoO3athseTYl/Wqd+FBx3acmleuZsSrVbwydI2SoQRWaA2L74NRhBNOhMYMKdV3nVj7KZKaYkbmhUGiSIzwFI1J31CBOFF+urh1Ds+MMoJhJE0JDRfq94kUcaVmPDCdHOmJ+u1l4l9eP9Fh3U+piBNNBF4uChMGdQSzx+GISoI1mxmCsKTmVognSCKsTTwFE8LXp/B/0vFst2pXbiulxvUqjjw4AafgHLigBhrgBrRAG2AwAQ/gCTxb3Hq0XqzXZWvOWs0cgx+w3j4BnmyN/A==</latexit>

C1 : Next-to-LO (NLO)

Next-to-NLO (NNLO)
<latexit sha1_base64="oDjWUDV1Y8xnY3SEU1eRKkEvXsA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4Gmamta2uit24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMqNKO82Hl1tY3Nrfy24Wd3b39g+LhUUdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYNrM/O49kYpG4k7PYuJzNBY0pBjpTGoOvathseTYl/Wqd+FBx3acmleuZsSrVbwydI2SoQRWaA2L74NRhBNOhMYMKdV3nVj7KZKaYkbmhUGiSIzwFI1J31CBOFF+urh1Ds+MMoJhJE0JDRfq94kUcaVmPDCdHOmJ+u1l4l9eP9Fh3U+piBNNBF4uChMGdQSzx+GISoI1mxmCsKTmVognSCKsTTwFE8LXp/B/0vFst2pXbiulxvUqjjw4AafgHLigBhrgBrRAG2AwAQ/gCTxb3Hq0XqzXZWvOWs0cgx+w3j4Bn/GN/Q==</latexit>

C2 :

Perturbative QCD:
<latexit sha1_base64="50dgbNSdVmntiQ9tvcVKSaWlLf4="></latexit>

 = ↵S =
g2S
4⇡ Strong coupling
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Asymptotic Freedom Saves Us!

Strong coupling runs: large values at low energies and small values at high energies

200 MeV<latexit sha1_base64="4w/ps/v+U8SIOKZo7juYRD9hv6Q=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU8mWUttb0YvHCrYW2qVk07QNTbJLkhXK0r/gxYMiXv1D3vw3ZtsKKvpg4PHeDDPzwlhwYzH+8HJr6xubW/ntws7u3v5B8fCoY6JEU9amkYh0NySGCa5Y23IrWDfWjMhQsLtwepX5d/dMGx6pWzuLWSDJWPERp8RmUt9wOSiWcBk71GooI34d+440GvVKpYH8hYVxCVZoDYrv/WFEE8mUpYIY0/NxbIOUaMupYPNCPzEsJnRKxqznqCKSmSBd3DpHZ04ZolGkXSmLFur3iZRIY2YydJ2S2In57WXiX14vsaN6kHIVJ5Ypulw0SgSyEcoeR0OuGbVi5gihmrtbEZ0QTah18RRcCF+fov9Jp1L2a+XqTbXUvFzFkYcTOIVz8OECmnANLWgDhQk8wBM8e9J79F6812VrzlvNHMMPeG+feeKOjQ==</latexit>⇠
Asymptotic Freedom

Quarks and gluons 
behave as free particles

Confinement They can’t be treated as independent states 

06



Parton Model: Short Range and Long Range

For a generic production process

<latexit sha1_base64="DIgoJrLBYVnvYXhASV79m6VqAWI=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrulqBeh6MVjC/YD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6387a+sbm1nZhp7i7t39wWDo6busoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTO4yv/NElWaRfDDTmPoCjyQLGcEmk26aj9VBqexW3DnQKvFyUoYcjUHpqz+MSCKoNIRjrXueGxs/xcowwums2E80jTGZ4BHtWSqxoNpP57fO0LlVhiiMlC1p0Fz9PZFiofVUBLZTYDPWy14m/uf1EhNe+ymTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadoQ/CWX14l7WrFu6zUmrVy/TaPowCncAYX4MEV1OEeGtACAmN4hld4c4Tz4rw7H4vWNSefOYE/cD5/AFVGjck=</latexit>

= Q2

<latexit sha1_base64="4KG4Q7ExGtMuqBOuBnIvII8SlOI=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBDiZdndxCTegl48RjAPSJZldjJJhsw+nJkVwpKf8OJBEa/+jjf/xtkkgooWNBRV3XR3+TFnUlnWh7Gyura+sZnbym/v7O7tFw4O2zJKBKEtEvFIdH0sKWchbSmmOO3GguLA57TjT64yv3NPhWRReKumMXUDPArZkBGstNQde3Yp9uwzr1C0zIt61Tl3kGVaVs0pVzPi1CpOGdlayVCEJZpe4b0/iEgS0FARjqXs2Vas3BQLxQins3w/kTTGZIJHtKdpiAMq3XR+7wydamWAhpHQFSo0V79PpDiQchr4ujPAaix/e5n4l9dL1LDupiyME0VDslg0TDhSEcqeRwMmKFF8qgkmgulbERljgYnSEeV1CF+fov9J2zHtqlm5qRQbl8s4cnAMJ1ACG2rQgGtoQgsIcHiAJ3g27oxH48V4XbSuGMuZI/gB4+0TGGuPYA==</latexit>

h1(p1)

<latexit sha1_base64="1zdI674o9HeI2c/P9+QsjmADuY4=">AAAB73icdVDLSgMxFM34rPVVdekmWIS6GaZpbeuu6MZlBfuAdhgyaaYNzWTGJCOUoT/hxoUibv0dd/6NmbaCih64cDjnXu69x485U9pxPqyV1bX1jc3cVn57Z3dvv3Bw2FFRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP7nK/O49lYpF4lZPY+qGeCRYwAjWRuqNPVSKPXTmFYqOfdGooXMEHdtx6qhSywiqV1EFlo2SoQiWaHmF98EwIklIhSYcK9UvO7F2Uyw1I5zO8oNE0RiTCR7RvqECh1S56fzeGTw1yhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6aLgpE3GiqSCLRUHCoY5g9jwcMkmJ5lNDMJHM3ArJGEtMtIkob0L4+hT+TzrILtfs6k212LxcxpEDx+AElEAZ1EETXIMWaAMCOHgAT+DZurMerRfrddG6Yi1njsAPWG+fG3mPYg==</latexit>

h2(p2)

<latexit sha1_base64="cWRPO+RH38lSEf16CBhoiiWZvs0=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWsB/QLks2zbah2WRNsmJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3Uz99iNVmklxb8YJ9WM8ECxiBBsrdaLAqzwF3llQKrtVdwa0TLyclCFHIyh99fqSpDEVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSwWOqfaz2b0TdGqVPoqksiUMmqm/JzIcaz2OQ9sZYzPUi95U/M/rpia68jMmktRQQeaLopQjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HRhuAtvrxMWudV76Jau6uV69d5HAU4hhOogAeXUIdbaEATCHB4hld4cx6cF+fd+Zi3rjj5zBH8gfP5A76VjyI=</latexit>

f1(x1)

<latexit sha1_base64="gl0UVmo9m7hZ3tLuJLCVj5g00eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkpSinosevFYwX5AG8Jmu2mXbjZxdyOW0D/hxYMiXv073vw3btoctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/YPyodHHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe36k5vM7z5SqVgk7vU0pm6IR4IFjGBtpF7g1atPXv3cK1fsmj0HWiVOTiqQo+WVvwbDiCQhFZpwrFTfsWPtplhqRjidlQaJojEmEzyifUMFDqly0/m9M3RmlCEKImlKaDRXf0+kOFRqGvqmM8R6rJa9TPzP6yc6uHJTJuJEU0EWi4KEIx2h7Hk0ZJISzaeGYCKZuRWRMZaYaBNRyYTgLL+8Sjr1mnNRa9w1Ks3rPI4inMApVMGBS2jCLbSgDQQ4PMMrvFkP1ov1bn0sWgtWPnMMf2B9/gDBo48k</latexit>

f2(x2)

q, g

q, g
HS

F

X

<latexit sha1_base64="8kqCn/NJ42Zgn8mNvrd27tobhZE="></latexit>

�̂ij = �̂(0)
ij + ↵S�̂

(1)
ij + ...
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Fixed Order Perturbation Theory

08

2 2

+



Divergent Terms Cancel !

Identified partons

Collinear divergence remains!

Renormalise bare PDFs and FFs

09

Cancels: KLN Theorem

UV renormalisation



Computations of Jet Observables

Jet cross section up to NNLO:

<latexit sha1_base64="xvH4CMe+5vMSYq64lk42pR+0OBg=">AAACGHicbZBNSwMxEIaz9avWr1WPXoJFEIS6K0W9CEUvHkQr2A9o15JN0zY0yS5JVihLf4YX/4oXD4p47c1/Y7ZdwbYOBJ55Z4bJvH7IqNKO821lFhaXlleyq7m19Y3NLXt7p6qCSGJSwQELZN1HijAqSEVTzUg9lARxn5Ga379K6rUnIhUNxIMehMTjqCtoh2KkjdSyj5uKdjmCF3ACj/HN3fDol2+nkiRr2Xmn4IwDzoObQh6kUW7Zo2Y7wBEnQmOGlGq4Tqi9GElNMSPDXDNSJES4j7qkYVAgTpQXjw8bwgOjtGEnkOYJDcfq34kYcaUG3DedHOmemq0l4n+1RqQ7515MRRhpIvBkUSdiUAcwcQm2qSRYs4EBhCU1f4W4hyTC2niZMya4syfPQ/Wk4J4WivfFfOkytSML9sA+OAQuOAMlcA3KoAIweAav4B18WC/Wm/VpfU1aM1Y6swumwhr9AA5Pn84=</latexit>

� = �LO + �NLO + �NNLO

<latexit sha1_base64="5li/LbQOuvNuc/Pl6oWOPM5DV2I=">AAACZnicbZFLawIxFIUz05fal1VKF92ESqEgyEyRtpuC2E2XVuooqJVMjBqaZIYkU5Bh/mR3XXfTn9Gog7XqhcDhu+fmceKHjCrtOF+WvbO7t3+QyeYOj45PTvNnBU8FkcSkhQMWyI6PFGFUkJammpFOKAniPiNt//1p1m9/EKloIF71NCR9jsaCjihG2qBBPnnsUaEHfNhTdMzRW1xPynMS87KbLGkzpRwukfdnvF0xNrfPe1s28JJBvuRUnHnBTeGmogTSagzyn71hgCNOhMYMKdV1nVD3YyQ1xYwkuV6kSIjwOxqTrpECcaL68TymBF4bMoSjQJolNJzT1YkYcaWm3DdOjvRErfdmcFuvG+nRQz+mIow0EXhx0ChiUAdwljkcUkmwZlMjEJbU3BXiCZIIa/MzOROCu/7kTeHdVty7SvWlWqrV0zgy4BJcgRvggntQA8+gAVoAg28raxWsovVjn9jn9sXCalvpTBH8Kxv+AvhIumw=</latexit>

=

Z

m
d�B +

Z

m+1
d�R +

Z

m
d�V +

Z

m+2
d�RR +

Z

m+1
d�RV +

Z

m
d�V V

LO NLO NNLO Non-trivial  in d-dimensions

The algorithms that are used to calculate more differential cross sections can be broadly divided 
into two types: 

1. Phase space slicing method

2. Subtraction method
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Example: Phase Space Slicing Method

Let’s consider the integral of the form

<latexit sha1_base64="bcBDg3MxsUmKU4T3/HG1nritOcY="></latexit>

I = lim
✏!0

⇢Z 1

0

dx

x
x✏F (x)� 1

✏
F (0)

�
Real type contribution

Virtual type contribution

Observable:
<latexit sha1_base64="bHwfXYVi1U9EtWStcAg/ZCzoTKk=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw0ydamdXdOOygn1AO5ZMmmlDM8mQZKyl9D/cuFDErf/izr8x01ZQ0QMXDufcy733hAmjSjvOh7W0vLK6tp7byG9ube/sFvb2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh8DLzm3dEKir4jR4nJIhRn9OIYqSNdHvfkbQ/0EhKMYJOt1B0bL9SLnsl6NiO43vlU0N833crLnSNkqEIFqh1C++dnsBpTLjGDCnVdp1EBxMkNcWMTPOdVJEE4SHqk7ahHMVEBZPZ1VN4bJQejIQ0xTWcqd8nJihWahyHpjNGeqB+e5n4l9dOdVQJJpQnqSYczxdFKYNawCwC2KOSYM3GhiAsqbkV4gGSCGsTVN6E8PUp/J80SrZ7ZnvXXrF6sYgjBw7BETgBLjgHVXAFaqAOMJDgATyBZ2tkPVov1uu8dclazByAH7DePgH3C5LX</latexit>

x ! 0(Soft/collinear)
<latexit sha1_base64="UEuiqG5ef79N0bMKBX45aLHQk8s="></latexit>

= lim
✏!0

(Z �

0

dx

x
x✏F (x) +

Z 1

�

dx

x
x✏F (x)� 1

✏
F (0)

)

<latexit sha1_base64="NAG2L/X8NdpNx30ExmDhyAOj43I="></latexit>

⇠ lim
✏!0

(
F (0)

Z �

0

dx

x
x✏ +

Z 1

�

dx

x
x✏F (x)� 1

✏
F (0)

)

<latexit sha1_base64="0zJlxdOHdizClcSQFrAjUneBlZs=">AAACGXicbVDLSsNAFJ34tr6iLt0MFqEilESKuhFEobisYLXQxDKZTHToZBJmbqQl5Dfc+CtuXCjiUlf+jdPHQqsHLpw5517m3hOkgmtwnC9ranpmdm5+YbG0tLyyumavb1zpJFOUNWkiEtUKiGaCS9YEDoK1UsVIHAh2HXTPBv71PVOaJ/IS+inzY3IrecQpASN1bOe4XnF2PSG9kAkgeA97XEInHz2LG9eLFKF52CvyXlGv9HY7dtmpOkPgv8QdkzIao9GxP7wwoVnMJFBBtG67Tgp+ThRwKlhR8jLNUkK75Ja1DZUkZtrPh5cVeMcoIY4SZUoCHqo/J3ISa92PA9MZE7jTk95A/M9rZxAd+TmXaQZM0tFHUSYwJHgQEw65YhRE3xBCFTe7YnpHTBRgwiyZENzJk/+Sq/2qe1CtXdTKJ6fjOBbQFtpGFeSiQ3SCzlEDNRFFD+gJvaBX69F6tt6s91HrlDWe2US/YH1+AzIyn90=</latexit>

= F (0) ln � +

Z 1

�

dx

x
F (x)

Smaller
<latexit sha1_base64="CcDte37iUtDCCabL3cVmUt30kZk=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQpLWtu6KblxWsA9oQ5lMJu3YyUyYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733BAmjSjvOh7Wyura+sVnYKm7v7O7tlw4OO0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB5Cr3u/dEKir4rZ4mxI/RiNOIYqSN1BmEhGk0LJUd+6JR88496NiOU/cqtZx49apXga5RcpTBEq1h6X0QCpzGhGvMkFJ910m0nyGpKWZkVhykiiQIT9CI9A3lKCbKz+bXzuCpUUIYCWmKazhXv09kKFZqGgemM0Z6rH57ufiX10911PAzypNUE44Xi6KUQS1g/joMqSRYs6khCEtqboV4jCTC2gRUNCF8fQr/Jx3Pdmt29aZabl4u4yiAY3ACzoAL6qAJrkELtAEGd+ABPIFnS1iP1ov1umhdsZYzR+AHrLdP92OPaQ==</latexit>

�
<latexit sha1_base64="Hixo8HSyHyFdnDxjE5iKL5SELL0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6l9Uz+/OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5QJkXY=</latexit>) Less dependence on 

<latexit sha1_base64="CcDte37iUtDCCabL3cVmUt30kZk=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQpLWtu6KblxWsA9oQ5lMJu3YyUyYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733BAmjSjvOh7Wyura+sVnYKm7v7O7tlw4OO0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB5Cr3u/dEKir4rZ4mxI/RiNOIYqSN1BmEhGk0LJUd+6JR88496NiOU/cqtZx49apXga5RcpTBEq1h6X0QCpzGhGvMkFJ910m0nyGpKWZkVhykiiQIT9CI9A3lKCbKz+bXzuCpUUIYCWmKazhXv09kKFZqGgemM0Z6rH57ufiX10911PAzypNUE44Xi6KUQS1g/joMqSRYs6khCEtqboV4jCTC2gRUNCF8fQr/Jx3Pdmt29aZabl4u4yiAY3ACzoAL6qAJrkELtAEGd+ABPIFnS1iP1ov1umhdsZYzR+AHrLdP92OPaQ==</latexit>

�
11

DR like parameter



Example: Subtraction Method

Consider again the integral from the previous slide
<latexit sha1_base64="bcBDg3MxsUmKU4T3/HG1nritOcY="></latexit>

I = lim
✏!0

⇢Z 1

0

dx

x
x✏F (x)� 1

✏
F (0)

�

<latexit sha1_base64="R8FKCnrcqH/qM394ik9/C46nZVo="></latexit>

= lim
✏!0

⇢Z 1

0

dx

x
x✏ [F (x)� F (0)] + F (0)

Z 1

0

dx

x
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=

Z 1

0

dx

x
[F (x)� F (0)]

It is advantageous to phase space slicing method
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Application: Computation of Jet Cross Section

For a generic observable

We want to find a local counter term such that

it cancels all the divergences coming from the virtual Feynman diagrams

in particular, the master formula will look like
Not easy always!

13



QCD Factorisation in the Soft Limit
For a generic scattering amplitude having a soft gluon of momentum q

where

At the squared amplitude level

where

14



QCD Factorisation in the Collinear Limit
Double parton collinear limit at the tree level

Splitting matrix Reduced ME

At the squared amplitude level

Splitting kernel
15



LO Splitting Kernels
Leading order collinear splitting kernels are 

.

Note that the splittings kernels depend only on the momenta and quantum numbers of partons 
those took part in the collinear splitting process.
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Future Outlook

Higher order perturbative predictions are non-trivial both analytically and numerically due to 
presence of divergences

For efficient automation, one not only needs to find counter terms but also needs to integrate them 
analytically over unresolved (soft and collinear) phase space to cancel divergences coming from 
the virtual diagrams (Loop-Tree-Duality can help us here!)

Since the divergences are of IR origin, the study of Soft and Collinear factorisation of QCD matrix 
elements to higher orders can help

Collinear splitting kernels in general can depend on quantum numbers of non-collinear partons, 
which poses additional difficulties 

We need to go hand-in-hand with the experiment i.e. we need very precise theory predictions
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Higher order perturbative predictions are non-trivial both analytically and numerically due to 
presence of divergences

For efficient automation, one not only needs to find counter terms but also needs to integrate them 
analytically over unresolved (soft and collinear) phase space to cancel divergences coming from 
the virtual diagrams (Loop-Tree-Duality can help us here!)

Since the divergences are of IR origin, the study of Soft and Collinear factorisation of QCD matrix 
elements to higher orders can help

Collinear splitting kernels in general can depend on quantum numbers of non-collinear partons, 
which poses additional difficulties 

We need to go hand-in-hand with the experiment i.e. we need very precise theory predictions

Thank You!


