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TMD parton distributions from parton showers
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1. Introduction

The Parton Branching (PB) method is introduced in Refs [1, 2, 3] and gives an iterative solution

for the evolution of both collinear and transverse momentum dependent parton distributions [4].

The advantage of this method is that the kinematics at every splitting process can be treated exactly

since the solution is fully exclusive. It allows one to determine transverse momentum dependent

PDFs (TMD).

In this report the determination of TMD parton densities from general parton shower event gener-

ators as PYTHIA8 [5] and HERWIG6 [6, 7] is presented.

2. Parton Branching method

The PB method gives the evolution equation for the momentum-weighted TMD parton density
˜Aa = xAa,
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(2.1)

where a and b denote the flavour indices, P
(R)
ab are the real emission splitting kernels, zM is the res-

olution scale that separates the region for resolvable emissions from the region for non-resolvable

emissions, and the Sudakov form factor ∆a

(

µ2
)

gives the probability for parton a not to have

resolvable branchings from scale µ0 to scale µ . By integrating the PB evolution equation over

transverse momenta, in the limit zM → 1 one recovers the DGLAP [8, 9, 10, 11] evolution equa-

tions for collinear PDFs.

The full solution of the PB evolution equation by iteration calculates the whole chain in the evolu-

tion containing the information about all partons and their momenta.

3. Obtaining TMDs from final state

In the following, we want to study how a parton shower can be used to produce effectively

a transverse momentum dependent (TMD) parton density. We use Monte Carlo event generators

including parton shower, determine the momentum fraction x, the transverse momentum k⊥ and

the scale µ , and determine a parton distribution. It allows to visualize the TMD distributions and to

compare them directly to TMD PDF sets. To perform the parton shower study a simple toy process

is defined that allows to obtain TMD distributions as easily as possible. It contains two incoming

partons k1 and k2 and a produced particle q with the momentum k1 + k2 = q. One of the incoming

partons k1 has a fixed momentum fraction x = 0.98 and no transverse momentum in order to make

the calculation of the kinematics easier. The other parton is subject to the parton shower (or TMD

distributions). The transverse momentum of k2 can then be calculated from

~k⊥2 =~q⊥−~k⊥1 (3.1)
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