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Parton Model: Short Range Factorizes from the Long Range Physics

* For a generic hadro-production process
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Partonic Cross Section: Drell-Yan Process
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Partonic Cross Section: Drell-Yan Process
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Partonic Cross Section: Drell-Yan Process
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Identified partons —  Collinear divergence remains! —> Renormalise bare PDFs in the initial
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Process independent
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Universal Factorization

* Scattering amplitudes exhibit interesting properties in the soft and collinear limits
[Collins, Soper, Sterman (1989)]

Reduction of kinematic variables (simplification), factorization, recursion properties, universal divergent
behaviour, etc.

(Massless) Particles emitted with zero energy == Soft limit
]

2
p— 0

» FHikonal Factor ®

m m Collinear factorization 1s
more universal...

(Massless) Particles emitted in the same direction === Collinear limit

B : At the squared amplitude level,
it 1s called Splitting Kernel
2
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Singular Elements

Subtraction scheme Parton shower

Resummation Scale evolution
of PDFs and FFs

* For massless case, both Soft Currents and Collinear Splitting Kernels are known to N3LO
* For massive case, Soft Currents are known to NNLO 1n perturbation theory

* In the case of splitting processes involving massive quarks, only Double Collinear splittings
at tree-level are known [Keller *98, Catani *00]

# To control dominant mass effects such as In” (Qz/ mz) , 1t 1s 1mportant to calculate triple-collinear
splittings at tree-level and double-collinear splittings at 1-loop level.
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Outline

* Massive Splitting Processes
Quasi-collinear Limit

Double Collinear Splittings

* Triple Collinear Splitting Processes at Tree-level
Splitting Matrices

Splitting Kernels

* Summary & Future Outlook
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Notations
[Catan1 ’99, Catani ’02, Catani ’11, Czakon ’22]

Define an on-shell momentum
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Quasi-collinear Limait

[orenz invariants

~ ~ \ 2 9
~ k] kz | m? | mJ
Sij = 2pi - Pj = ZiZj | — | + =+ =

(/

k. k. m? m4
Sij = (pz -I-Pg) R R (Zj Zz) + (Zz + ZJ) ( Ny 2 )
Quasi-collinear limit 1s defined by
m; — pm;, ki = pkii, M1.m — PM1..m with p—0

[Keller *98, Catani "00]
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Quasi-collinear Limait
[Keller 98, Catani *00]

Amplitude level factorisation Splitting matrices Reduced ME
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Tree-level Double Collinear Splittings

[Catani ’00] 91
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Splitting processes: Q — QQQ'ZQ;:, Q — QleQg

Q — Q1Q203

Color structure: Cq : T (50163 Occs

Spin structure: Sy : ﬂ(pg)’Y“U(ﬁ)ﬂ(pQ)’Yu'U (p1) :

Splitting Matrices
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g — g1Q2Q3

Color structure:  Cy : (£°¢°1)

Spin structure: §q ﬂ(pz)]b
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Q — Q1Q5Q3

Splitting Kernels
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Splitting Kernels
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Summary & Future Outlook

Singular elements coming from the QCD factorisation 1n the (quasi)collinear limit are key ingredients
in the prediction of higher order contributions to jet observables

In case of splittings involving massive quarks such as bottom and charm quarks, these singular
elements provide dominant mass effects

For NNLO calculations, the relevant splitting processes are triple-collinear splittings at tree-level and
double-collinear splittings at 1-loop level. At present, we have studied only the triple collinear
splittings 1n so-called quasi-collinear limait

Our next task will be to study 1-loop double collinear splittings 1n the quasi-collinear limait
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