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Moreover it features: 
1-st order electroweak corrections 
screening of the initial-final state interference for  
narrow Z resonance (following Frascati prescription) 
hadronization for quark pairs 
initial machine beam spread
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http://192.245.169.66:8000/FCCeeMC/wiki/kkmc

Version 4.24 (2017) was tested/run under Centos7 and Ubuntu16

Older KKMC versions 2000-2017
http://nz42.ifj.edu.pl/user/jadach/main
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Up to date KKMCee F77 version available on GITHUB
The current PUBLIC version in F77: 
https://github.com/KrakowHEPSoft/KKMCee 
https://github.com/KrakowHEPSoft/KKMCee/releases/tag/v4.32.01

Non-public version of KKMCee entirely in C++ 

https://github.com/KrakowHEPSoft/KKMCee
https://github.com/KrakowHEPSoft/KKMCee/releases/tag/v4.32.01
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BHLUMI Monte Carlo 
The same source code on two wiki webpages

http://192.245.169.66:8000/FCCeeMC/wiki/bhlumi

https://twiki.cern.ch/twiki/bin/view/FCC/Bhabha
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BHWIDE and other Monte Carlos 
for electron colliders

http://placzek.web.cern.ch/placzek/
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Ongoing developments in KKMCee
• Upgrade of DIZET electroweak library,  

new hadronic VP routine, more  
steering parameters for EW corrections.  
Done. 

• Upgrade of TAUOLA library.  
Done. 
 

• Cleanup and posting on GUTHUB actual F77 version, 
new LHE interface, DIZET, TAUOLA, Beam Energy Spread, etc. Done. 
https://github.com/KrakowHEPSoft/KKMCee 

• Translation of KKMCee into C++.  80% done.  Completed for  final state. 

• New upgraded CEEX matrix element with non-soft corrections beyond . 
Planning. 

• Provisions for recalculating matrix element with modified input EW parameters 
like    for example. (For fitting EWPOs using MC.) Started.

μ+μ−

𝒪(α2)

αQED(MZ)

https://github.com/KrakowHEPSoft/KKMCee
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A few technical points
• In F77 version (on GitHub) we use two makefile systems:  

the older one “custom” and the new one using autotools. 

• In the c++ version the only makefile system is autotools based. 

• MC generator object in the c++ version will feature full persistency based on 
ROOT. ROOT is used for Lorentz vectors and transformations. 

• F77 code will remain for DIZET and TAUOLA for some time. 
For TAUOLA status and plans see talk by Z. Wąs. 

• DIZET communicates with c++ through disk files only.  
The versions of DIZET 6.21, 6.42, 6.45 are included. 

• BHLUMI is already 50% translated into c++.  
It will be probably merged with KKMCee. 

• KKMChh for    process written in c++ is ready for use 
and already well tested. To be published soon. 

pp → f f̄ + X, f = e, μ, τ
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How KKMCee compares with other QED schemes in MC programs

Collinear resummation of mass logs

Order-by-order approach (OLDBIS, MUSTRAL, KORALZ) disfavoured, soft photon resummation mandatory, collinear resumm. recommended.

Soft photon resummation YFS-style

Strictly collinear PDFs (kT=0) Parton shower (finite kT)

1. LO formulas available analytically  
at any higher order 

2. Convenient and useful only for  
very inclusive observables like . 
For  already problematic. 

3. Matching with NLO hard process 
possible but messy. 

4. Soft limit only in inclusive form.

σtot
AFB

1. Well developed for QCD 
but little used in QED 

2. Problems the same as in QCD: 
lack of NLO evolution,  
factorisation scheme dependence, 
kinks, gaps in angular distributions 
in the soft limit, messy algorithms  
of matching with NLO hard proc., 
hopeless beyond NLO, 
approximate LIPS… 

3. In principle resummation of coll. 
mass logs to infinite order is there, 
but in practice not easy  
(needs backward evolution etc.)

Examples: LUMLOG, ALIBABA,  
SABSPV, RACOONWW, ZFITTER, 
TOPAZ0, KKsem, KKfoam,  
WHIZARD

Examples: BABAYAGA

1. Correct soft photon limit for n real or virtual photons 
2. Exact Lorentz invariant Phase Space (LIPS) 
3. Well defined scheme of including higher order 

non-soft real and virtual corrections at any order 
4. Resummation of collinear logs truncated to finite 

order, non-singlet transitions out of scope

EEX CEEX

1. Differential sections 
2. YFS 1961 based 
3. Simpler algebraically 

in some cases

1. Amplitudes 
2. Generalised, YFS-inspired 
3. Better suited for spin 

polarised charged emitters 
4. Well suited for narrow  

resonances like Z, W 
5. Automatically accounts 

for interferences 
6. Easy separating/combining  

QED and pure EW corrs.

Examples: 
YFS2, YFS3 in KORALZ 
YFS3WW, BHWIDE, 
KKMC, SHERPA

Examples: KKMC
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CEEX = Coherent Exclusive EXponentiation 

Consider process

Master formula covering the entire multi photon phase space (no approximations):

Spin amplitudes: 

Infrared (IR) cancellations occur between

All           functions are IR finite ̂β(r)
k
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• KKMCee legacy F77 code is alive and is available. 
• KKMCee in C++ is already there,  

to be completed, documented and published. 
• Public GitHub repository with the F77 code off KKMC available. 

Extensive documentation is available. 
Two other web pages contain older versions. 

• The ultimate future KKMCee version for the precision physics at 
FCCee to be developed starting from actual C++ version. 

• BHLUMI and BHWIDE are available,  
it is now translated into C++, will also get CEEX matrix element. 

• BHWIDE to be incorporated into KKMC?

Summary

Many thanks to my collaborators: Z. Wąs, B.F.L. Ward, S. Yost, M. Skrzypek,  
A. Siodmok, M. Chrząszcz for help and encouragement!
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Reserve
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Separating and/or recombining non-soft 
pure EW correction and QED part

QED corrections are bigger, hence they have to be calculated at the 1-2 orders higher level 
than pure EW corrections. For instance at LEP era QED corrections were soft-resummed  
to infinite and non-soft QED typically up to , while EW corrections up to . 

In TeraZ/GigaZ era non-soft QED corrections will have to be calculated to  , 
while non-soft EW corrections up to .  

Is there any systematic and practical scheme of calculating QED and EW corrections 
separately and recombining them without violating gauge invariance, IR cancellations etc.? 

The CEEX matrix elements of KKMC offers good workable example of such a scheme, 
which can be easily extended to higher orders. See next slide… 
Monte Carlo implementation is the key part of this methodology!  

Advice for loop calculators:  
Never ever use Bloch-Nordsieck method of killing IR singularities in  
the EW+QED multi-loop integrals!!! (Subtract IR as early as possible!) 
Simply because MC with resummations already did that!

𝒪(α2) 𝒪(α1)

𝒪(α4)LO
𝒪(α2)
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Recent studies using KKMCee

arXiv:1801.08611
QED Interference in Charge Asymmetry Near the Z Resonance at Future Electron-Positron Colliders

arXiv:1908.06338
Precision measurement of the Z boson to electron neutrino coupling at the future circular colliders



S. Jadach, STRONG2020, November 25th, 2021 15

Better Monte Carlo algorithm for phase space with very hard photons. 
Phase space generation in KKMC for extremely hard photos is inefficient. 
Novel ideas for better incorporation of the collinear resummation within soft photon 
resummation, especially at the amplitude level (CEEX), main problems are loops. 
Alternative methods of calculating spin amplitudes in CEEX, 
instead of Kleiss-Stirling, for massive particles? 
Soft photon emission resummation from unstable charged particles like W boson. 
Outline is already there (arxiv.org/1906.09071 by S.J and M.Skrzypek)  
but implementation is nontrivial. 
Subtraction of IR part from (gauge invariant) sets of multi-loop diagrams at the loop 
integrand level. 
Fitting EWPOs to data using high statistics “MC templates”, weight differences, machine 
learning etc. 
Effective methods of parametrising the virtual (loop) correction to be used in the matrix 
element in the MC generators. 

Innovation fronts in QED/EW precision calculations

http://arxiv.org/1906.09071
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One should avoid the “monopoly” of a single MC for a given process/observable. 
The best would be (at least) two MCs of similar high quality developed independently 
by two groups of authors. 
Example of duo-poly:) YFSWW3 + RACOONWW,  
Examples of monopoly:( KKMC, BHLUMI, BHWIDE) 
Upgrade of LEP legacy MCs is a good but limited strategy. For factor 50-150 
improvement in precision one needs new innovative projects. 
The division of MCs into “general purpose” class covering hundreds of processes, 
background, BSM, good for fast simulation of the detectors and “high precision” MCs 
specialising for a single or small subset of observables/processes is the optimal 
approach. 
LEP experience shows that developing a good quality MC costs many years of hard 
work and bright ideas. It should be planned well in advance.  
LEP was lucky that this activity has started already in the beginning of 80-ties.

Strategy issues
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• Always use soft photon resummation to infinite order 
• Resum big mass logarithms LO first, then NLO and NNLO 
• Never ever use Bloch-Nordsieck! See below… 
• Integrate one the entire multi photon phase space exactly 

using Monte Carlo method 

• Resum   for narrow resonances 
• Avoid using collinear structure functions (PDFs) integrated 

over kT

αn lnn(Γ/M)

Efficient methods of calculating 
higher order QED

General advice:
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“DO and DONT” list in precision QED

Do exponentiate (soft photon resummation) 
Do implement phase phase multi-photon in the Monte Carlo, 
experimental cutoffs will be (almost) never mastered analytically 
Dont add real photon emission to loop corrections a’la Bloch-Nordsieck 
(MC does it for you) but instead subtract well known IR terms 
Do keep finite masses of charged particles 
Do separate pure QED (IR) and pure EW parts at the early stage 
of calculations at the amplitude level 

Dont go order-by order but  
take care of non-soft leading  
mass logs first:
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Specification of the MC for TeraZ 
Total cross section  and  qq̄ l+l−

Upon removal of QED effects, hadronic  will serve as an input for neutrino 
counting (invisible Z width) and for very precise  determination from   
For  acceptance rate is almost 100%, cut-off dependent acceptance corrections negligible. 
Small and known  IFI corrections easily accountable, inclusive FSR handled analytically. 
Initial state QED radiation (ISR) treatment of LEP seems almost sufficient, 
non-MC programs might be able to cope with QED ISR, as in LEP. But no cut-offs….

σ0
h = σh(MZ)

αS(MZ) Rl = σ0
h /σ0

l
σh(s)

𝒪(α1)

ISR+FSR

For leptonic cross section  acceptance correction will be sizeable, a few %,  
hence the use of the MC will be mandatory (non-MC program unable to cope). 
One order better QED ISR and FSR mat. elem. (beyond KKMC) mandatory at 0.001% precision:

σl(s)

Recommendations: 
The inclusion of   EW corrections sufficient in both cases?? 
Improved production of additional light fermion pairs necessary. 
IFI up to  probably enough? With soft photon resummation, of course.

𝒪(α1)

𝒪(α1)


