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Parton shower approach principles

• we know how dominant corrections to higher orders behave:


• picture: emission of additional gluons/photons from emitter, same 
divergence structure, only different colour factor


• repeats at all orders  we can iteratively generate emissions from the hard 
process + from subsequent emissions

→

Multiple gluon emissions.
approximate higher-order contributions or: once a gluon is emitted it can 
itself emit additional gluons 
• consider only collinear and/or soft emissions, since we have seen that 

they are logarithmically enhanced and they factorise:
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• same divergence structure, independent of emitter 

• only difference is colour factor, gluon emits  times more 

• expect structure from 1st order, , to repeat at all orders!
CA/CF = 2.25

αS ln2 Q/Q0
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Parton Shower Evolution
Multiple gluon emissions.

37

q

q

start out with the  systemqq̄• Start from Born type event
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Parton Shower Evolution

• Start from Born type event


• add radiation from hard particles 
according to universal IR limits

Multiple gluon emissions.
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Parton Shower Evolution

Multiple gluon emissions.

39
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gluon radiates additional gluon

• Start from Born type event


• add radiation from hard particles 
according to universal IR limits


• iterate to build up fully      
differential radiation pattern
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Parton Shower Evolution

Multiple gluon emissions.

41
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q

meanwhile the same happens on the other side

• Start from Born type event


• add radiation from hard particles 
according to universal IR limits


• iterate to build up fully      
differential radiation pattern
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Methods for fully differential predictions
• Include at fixed order (see e.g. 

Djangoh+Heracles at HERA)


• calculate  with IR 
cuts, combine with Born process 
and virtual + soft corrections


• The YFS procedure


• based on all order QED treatment, 
very successful for example for 
LEP


• Use a QED parton showers


• Regularly applied for QED 
corrections to charged final states

e−p → e−γp

64 CHAPTER 2. QED PARTON SHOWERS
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Figure 2.7: The dimuon transverse momentum in the gg → µ+µ→

process, comparing the YFS prediction with the inter-
leaved QCD+QED shower. The pure QCD shower pre-
diction is also included for comparison. Left: bare
muons, Right: photon-dressed muons with a cone size
!R = 0.1.

the LHAPDF library [83]. SHERPA’s default parton shower, Csshower, was used

for the initial-state QCD shower [44]. Beam remnants, hadronisation, and multiple

interactions were not modelled.

gg → H → µ
+

µ
↑

The LO cross section for gg → µ+µ→ at the 13 TeV LHC in the HEFT is 0.0028662(1)

pb. In this section we present di!erential cross sections in various kinematical

observables for bare muons and dressed muons. The muons are dressed with photons

in a cone of radius !R = 0.1, where !R =
√

!ω2 + !ε2. The primary muons,

whether bare or dressed, are subject to cuts on transverse momentum, pT

µ > 10 GeV,

and rapidity,
∣∣∣yµ

∣∣∣ < 2.5. We compare the interleaved QCD+QED shower presented

in this chapter with the scenario where no QED radiation is included (QCD shower

only) in addition to the YFS soft-photon resummation supplemented with exact

NLO corrections.

First, figure 2.7 shows the dimuon transverse momentum distribution. The shape of

[L. Flower, PhD thesis]



12

Initial state QED radiation

• Initial-initial lepton case:


• classic application of YFS as used by 
LEP experiments


• new implementation available in 
Sherpa


• Structure function: inclusive 
treatment, resuming (next-to) leading 
logarithms


• QED Showers: in principle applicable, 
but problems overestimating pdfs 

YFS Validation

 

8

KKMC: LEP Era YFS MC for e+e- -> ffbar 
Comput.Phys.Commun. 130 (2000) 260-325

Superb agreement in 𝜎
over a range of √s 

Excellent agreement in
the photon kinematics  

The Need For QED

6

[Jadach,Skrzypek, Eur. Phys. J. C79(2019)]

‣ Factor 2-100 improvement in the 
measurement of EWPOs

‣ 0.1% errors which could be ignored at LEP 
will dominate at future e+e- machines

‣ On the theoretical side this translates into a 
much more sophisticated modelling 

• Fixed Order improvements

• Resummation techniques for both 
QCD/QED

‣ Theoretical uncertainties need to be 
comparable (or lower!) than the experimental

76 CHAPTER 2. QED PARTON SHOWERS

Figure 2.14: The LL electron structure function at a scale 100 GeV,
compared to the weighted structure function usually
used for MC integration and event generation.

where ω is evaluated at Q2 = s. Then the structure function W ω

e (x, Q2) used in MC

integration is

W ω

e (x, Q2) =






fe(x, Q2) 0 → x → 1 ↑ ε

ϑ(ϖ, ε)fe(x, Q2) 1 ↑ ε < x < 1 ↑ ϖ

0 else.

(2.5.5)

Figure 2.14 shows the logarithmic behaviour of the structure function as x ↓ 1, at

a scale Q = 100 GeV. The weighted structure function, eq. (2.5.5), is also shown,

for the choices ϖ = 10→6, ε = 10→4. We can see that the weighted structure function

is discontinuous at the point x = 1 ↑ ε, and therefore is no longer a valid solution

of the DGLAP equations. If the weight ϑ(ϖ, ε) is also applied in the parton shower,

this will lead to an overestimate of emissions into the region 1↑ ε < x < 1↑ ϖ, which

is unphysical.

We can solve some of these problems by instead considering the unweighted structure

function with a cuto! ϖ, and defining a component proportional to ε(1 ↑ x) which

[L. Flower, PhD thesis]
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Initial-Final QED showers

• DIS case


• one lepton in initial, one in final state


• no clear separation in dipole shower picture


• several stumbling stones for solutions


• “Full” QED shower: need practical solution for structure 
function treatment in backward evolution


• YFS: need massive leptons everywhere, develop IF case


• both with technical problems to solve, focus of current 
developments II (and lesser extent FF) case
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Structure functions + FS shower approach

• Idea: IS radiation is dominated by 
collinear photons  use structure 
function for that


• Combine with FS shower, based 
on collinear splitting function, recoil 
against hadronic final state  (i.e. 
don’t touch initial electron)


• Test: ignore quark charges and fix 
their energy (i.e. ) for 
unambiguous ME comparison

⇒

X

e−νμ → e−νμ
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Preliminary results

• First results for generic observables 
related to radiated photons, in 

 with 1 photon emission 
from the QED shower


• “Reasonable” (?) behavior


• Community question: 

• define relevant benchmarks?


• i.e. what plot/comparison would 
you want to see?
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