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QCD Factorisation: Short Range and Long Range

F
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‣ Singular contributions are of Soft and Collinear origin. Hence, they have 
some degree of universality that leads to Resummation of these terms.

‣ The differential cross section in a generic variable      can be theoretically 
separated into following two parts
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process dependent
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Differential Cross Section: General Structure
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[1] Catani, de Florian, Ferrera, Grazzini (1507.06937)

‣ Low transverse momentum region: 
while the FO results are not reliable, 
the resummed results are smooth.

‣ High transverse momentum region: 
significant contributions are from the 
regular parts, making resummation 
ineffective.

Why Resummation? Resummed Vs Fixed Order
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‣ Bulk of the events are produced in the low transverse momentum region.

‣ Theory is consistent with the data within the uncertainties.
‣ Overlap between two successive theory predictions showing perturbative convergence.

‣ From NLL+NLO to NNLL+NNLO: improvement in both uncertainties and data agreement.

Resummed Prediction Vs Data

05Collinear functions for QCD resummations: Introduction 07
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‣ Using the formalism of qT-resummation [1-2], singular part of the differential 
cross section in conjugate space has the following structure [2]

[1] Collins, Soper, Sterman (1985)

[2] Catani, Cieri, de Florian, Ferrera, Grazzini (1311.1654)

<latexit sha1_base64="G274UlMStxcIiqm0/1cXa+NT3kU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSJUhGFmLLbuim5cVrAPmI5DJs20oZlJSDJCKf0MNy4UcevXuPNvTF+gogcuHM65l3vviQSjSjvOp5VbWV1b38hvFra2d3b3ivsHLcUziUkTc8ZlJ0KKMJqSpqaakY6QBCURI+1oeD312w9EKsrTOz0SJEhQP6UxxUgbyS+L0D0ToXd674XFkmN7lzXnvAbnpFJdEg+6tjNDCSzQCIsf3R7HWUJSjRlSyncdoYMxkppiRiaFbqaIQHiI+sQ3NEUJUcF4dvIEnhilB2MuTaUaztTvE2OUKDVKItOZID1Qv72p+JfnZzquBWOaikyTFM8XxRmDmsPp/7BHJcGajQxBWFJzK8QDJBHWJqWCCWH5KfyftDzbvbArt5VS/WoRRx4cgWNQBi6ogjq4AQ3QBBhw8AiewYulrSfr1Xqbt+asxcwh+AHr/QvPlJBT</latexit>

(p1 + p2)
2

LO contribution Sudakov form factor

parton densities b0 = 2e��E
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hard collinear factor

Transverse Momentum Resummation
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Azimuthal 
independent part

Azimuthal 
correlated part

specify the system F

‣For the quark anti-quark annihilation channel, the hard collinear factor has 
the following form

collinear 
functions 

‣For the gluon gluon fusion channel, it has the form given by

[1] Catani, Grazzini (1011.3918)

the indices     and      are the Lorentz indices of the gluon in hard scattering 
amplitude and its conjugate amplitude, respectively.  
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Hard Collinear Factor: Structure

Collinear functions for QCD resummations: Computational framework 09



Scattering Amplitude

Splitting Kernel

Collinear Factorisation

Process Independent 
Collinear Functions

Differential 
Collinear Functions

Goal: Collinear Functions
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‣ The collinear factorisation of hard scattering matrix element having N 
collinear partons in its most general form is given by [1]

non-coll. partons
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NX

i=1

kicoll. limit of 
splitting kernel non-singular terms 

auxiliary vector 

‣ In general the collinear splitting kernel depends on the momenta and quantum 
numbers (colour) of non-collinear partons in addition to its dependence on the 
collinear partons.

‣ The TL collinear region is defined 
by

‣ The SL collinear region is defined by

‣ The splitting kernel is PI and this 
property of factorisation is called 
strict collinear factorisation.

‣ Strict collinear factorisation is instead 
violated in SL collinear region.

[1] Catani, de Florian, Rodrigo (1112.4405)

reduced ME

Collinear Factorisation of Matrix Element
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‣ We define the differential collinear functions for the gluon in the 
TL region as follows [1]

Bose symmetry factor

and for the quark 

Differential Collinear Function: TL Region
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‣ We define the transverse momentum dependent collinear 
functions for the gluon case as follows

‣ For the quark case, it is given by

phase space in coll. limit

Integrated Collinear Function: TL Region
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‣ QCD strong coupling renormalisation

‣ Infrared factorisation in b-space
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‣ Infrared factorisation factors for both gluon and quark are as follows

AP splitting 
functions

Renormalisation Procedure
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‣ Azimuthally correlated TMD collinear functions are obtained as follows

Results at NNLO: SL Case
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‣ Azimuthally correlated TMD collinear functions in the TL region are obtained as follows

Results at NNLO: TL Case

Collinear functions for QCD resummations: Perturbative results 16



‣ I presented our method to compute both SL and TL collinear functions for QCD 
resummations using respective splitting kernels for the scattering amplitude.

‣ To compute these functions, we defined a differential version at the intermediate 
level and integrate them using proper observable definition to obtain collinear 
functions for transverse momentum resummation.

‣ For the azimuthally independent collinear functions, we have presented results up 
to NLO and for the azimuthally correlated case, we have results up to NNLO in 
perturbation theory.

Summary & Outlook
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‣ NNLO results for the azimuthally independent collinear functions are under completion.

‣ Soft functions at NNLO are also under completion.

‣ Our formalism can be extended and applied to other observables such as jet mass 
distributions, energy-energy correlation functions etc.

Summary & Outlook

Collinear functions for QCD resummations: Summary & Outlook 18



‣ NNLO results for the azimuthally independent collinear functions are under completion.

‣ Soft functions at NNLO are also under completion.

‣ Our formalism can be extended and applied to other observables such as jet mass 
distributions, energy-energy correlation functions etc.

Thank you for your attention

Summary & Outlook


