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3The topic(s)
►BCFrag:

● Measurement of b- and c-fragmentation functions and hadronization rates (√s =MZ and beyond)
►Gsplit:

● Measurement of gluon splitting to bb / cc, interplay with separating h → gluons from h → bb/cc (√s = 
MZ and beyond)

The expert team
● Eli Ben-Haim (LPNHE-IN2P3 France), 
● Loukas Gouskos (CERN), 
● Simon Plaetzer (Graz University, Austria) 
● Andrzej Siodmok (CERN)
● Torbjorn Sjostrand (Lund University, Sweden)
● Maria Ubiali (Cambridge Universty, UK)
● Manqui Ruan (IHEP, China)
● +WG1-PREC conveners



4Our meetings
►BCFrag / GSplit Expert Team, 1st meeting, 31 August 2023 

●  https://indico.cern.ch/event/1318673/ 
►BCFrag / GSplit Expert Team, 2nd meeting, 3 October 2023 

●  https://indico.cern.ch/event/1332815/ 

https://indico.cern.ch/event/1318673/
https://indico.cern.ch/event/1332815/


5Relation with others focus topics: TwoF

►Z to b/c (and all fermion) couplings 
● Via AFB (and variants as ALR, AFBLR, etc), Rb,Rc… observables
►FC runs at the Z-pole with high statistics (order of magnitude better than at LEP/SLC)

● Could be a limiting factor at TeraZ luminosities ?

►The TwoF discussion has been scheduled just before this one
● Organized by ECFA-WHF-WG1-HTE-conveners@cern.ch



6Relation with others focus topics: Wmass

►Precise determination of W -mass and cross section:
● Precisions at the MeV level are expected
►At LEP2, the modelling of non-perturbative QCD effects in the W boson hadronic decays was a 

dominant source of systematic uncertainties. 
● Newer theory and experimental studies are required to estimate the size of such uncertainties in 

future colliders

►This issue is discussed in the W mass focus topic 
● Organized by ECFA-WHF-WG1-PREC-conveners@cern.ch



7Relation with others focus topics: HtoSS

►Precise study of h → gg/bb̄/cc:̄ Future Higgs Factories will enable the exploration of the second 
generation of Yukawa couplings and the highest precision
● However, current uncertainties on gluon splitting into heavy quarks would introduce large systematic 

uncertainties in the measurements. 
►How to estimate them?
►How to minimize them?

►This issue is discussed in the HtoSS focus topic
● Organized by ECFA-WHF-WG1-HTE-conveners@cern.ch



8Overview -1 
BCFrag & GSplit are key topics on the physics modelling of many processes (source of systematic 
uncertainties on some measurements)
►Revision of the state of the art
►What theory developments are needed (and/or envisioned) to further reduce these uncertainties ?

● At future but also current experiments (and past ones!)
►FC will push the precision boundaries

● Fragmentation functions may not be universal but observable dependent



9Overview -2 

►It is argued that factorization of perturbative and non-perturbative parts of the process is not possible 
without dedicated tunning of free parameters of the fragmentation→ precision limitation??-
● Ongoing developments  in disentangling hadronization&fragmentation  → new work in NLL accurate 

showers is needed
►Special challenges with heavy quarks (b/c)

● The splitting of gluons into bb̄/cc ̄is only modelled in the perturbative step of the process (not in the 
string/cluster fragmentation) but still, charm and bottom masses are parameters in the shower.



10List of observables 
►A list of observables it is been collected (some listed in the back-up) and will be added to the Focus-

Topic document.
● Want to contribute? Contact-us

These should be applied to test

►new fragmentation models
● Using old data from LEP/SLC? Usage of such data for new analysis is always challenging… It will 

require new efforts on “translation” of data to newer formats/frameworks/environments such that are 
usable for Key4HEP users

►Detector models/analysis methods tools
● Large tracker acceptance is needed as well as very good vertexing and flavour tagging capabilities 

(including light quark s and gluon quarks)
● Jet charge measurements including charge hadron identification capabilities (see above).
● Samples for hadronic observables using different hadronization models and parameters. Full sim-

ulation required to understand flavour tagging capabilities. 
● Existing tools are e.g. the generators Pythia, Herwig, Sherpa and the tuning tools Professor, Rivet
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