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๏Survey key QCD measurements at ee colliders & their uses: 
•Properties of QCD (elucidate perturbative & non-perturbative phenomena) 
•To inform EW, Higgs, and other precision measurements in ee 
•To inform the physics modelling at hadron colliders (→FCC-hh) 
•Identify unique opportunities opened by high luminosities (e.g., oku-W, Tera-Z) 
and energies (e.g., HZ, ttbar) accessible at FCC-ee
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•Identify unique opportunities opened by high luminosities (e.g., oku-W, Tera-Z) 
and energies (e.g., HZ, ttbar) accessible at FCC-ee

๏Identify essential detector capabilities (& resolution targets) 
•So that a complete set of measurements can be done, making good use of the 
available statistics. 

๏→ A definitive and complete set of final-state radiation & fragmentation 
measurements with very high precision  

๏Decisive demonstrations of high-order / sub-leading perturbative phenomena, 
and exhaustive exploration of non-perturbative effects
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๏Identify essential detector capabilities (& resolution targets) 
•So that a complete set of measurements can be done, making good use of the 
available statistics. 

๏→ A definitive and complete set of final-state radiation & fragmentation 
measurements with very high precision  

๏Decisive demonstrations of high-order / sub-leading perturbative phenomena, 
and exhaustive exploration of non-perturbative effects

๏Provide input for the QCD section of the Conceptual Design Report (CDR) on 
the FCC-ee physics possibilities.  

•Contributors are asked to provide brief summaries in a proceedings-style 
writeup to be submitted as a combined single document into arXiv.  

๏Deadline ~ 1 month from end of workshop: before Christmas.
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๏Main venue: Filtration 
Plant (Bldg 222) 

•Note: Tuesday 
afternoon sessions in 
Council Chamber (CC) 
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๏This is an informal meeting; no official reception or dinner. 
•After the workshop program ends each day (~1740), you are 
welcome to join in R1 for refreshments and continued discussion

Breaks / Refreshment: 
Coffee (+ water/juice)  
Mornings & Afternoons 
(Thanks to the LHC Physics Centre at CERN)
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Main Topic(s) Main Topic(s)

AM Session 1
Fragmentation 

Functions 1
Heavy Quarks

AM Session 2 Showers & Jets
Event Shapes & 
Resummations

PM Session 1 Jet Properties
Fragmentation 

Functions 2

PM Session 2 Particle Correlations
Jets, Showers, & 
Hadronisation

(+ a few overlaps; reallocations to accommodate constraints, etc)



P e t e r  S k a n d s

Some Useful References

5M o n a s h  U n i v e r s i t y

๏arXiv:1602.05043 — Physics at the FCC-ee 

๏arXiv:1610.06254 — QCD & γγ Studies at FCC-ee (ICHEP poster) 

๏arXiv:1512.05194 — Proceedings, High-Precision αs Measurements 
from LHC to FCC-ee (Last year’s WG5 workshop writeups)

See also talks from last week’s YuriFest Nov 2016

https://arxiv.org/abs/1602.05043
https://arxiv.org/abs/1610.06254
https://arxiv.org/abs/1512.05194
https://indico.cern.ch/event/557397/timetable/#20161118
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EU HEP long‐term perspectives (2040‐2060)EU HEP long‐term perspectives (2040‐2060)

   ■
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EU HEP short‐term perspectives (2020‐2030)EU HEP short‐term perspectives (2020‐2030)

   ■
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EU HEP mid‐term perspectives (2030‐2040)EU HEP mid‐term perspectives (2030‐2040)

   ■

 ➜ Participate at ILC if Japan govt moves forward with the project.

 “➜ Propose an ambitious post-LHC accelerator project. CERN should undertake 

    design studies for accelerator projects with emphasis on p-p and e+e- high-energy

    frontier machines”
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FCC-ee CERN study projectFCC-ee CERN study project

■  Indirect BSM searches (through loops) in high-statistics (multi ab-1)

    Z (÷s=91 GeV), W (÷s=160 GeV), H (÷s=240 GeV), top (÷s=350 GeV)

    high-precision studies (<<0.1% accuracy) in a 80-km circular e+e- collider

■  Enormous integrated luminosities, extremely “clean” environment with

    very low backgrounds: Unparalleled opportunities for high-accuracy

    QCD physics (a
s
, jets radiation, jets fragmentation) with direct impact 

    in all SM high-precision tests & BSM searches.
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FCC-ee study project structureFCC-ee study project structure

   ■
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Towards FCC-ee Conceptual Design ReportTowards FCC-ee Conceptual Design Report

■ Dedicated physics workshops & associated writeups(*) for 

   intermediate physics report in route towards FCC-ee CDR

(*) That's why we need your proceedings !



Backup Slides
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Determination of the QCD coupling Determination of the QCD coupling aa
ss

a
s
 = Single free parameter in QCD

       (in the m
q 
 0 limit). Determined 

       at a reference scale (Q=m
Z
). 

       Decreases as ~ln(Q2/L2), 

       with L~0.2 GeV 

➧Least precisely known of all couplings:

    da ~3·10-10, dG
F
~5·10-8, dG~10-5, da

s
~5·10-3

➧Impacts all LHC cross-sections.

➧Key for SM precision fits 
   (e.g. uncertainties b,c Yukawa).

➧BSM physics (GUT, vacuum stab.,...).

Current PDG uncertainty: ±0.6%
Upcoming 2015 uncertainty: ±1%

2013
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Determination of the QCD coupling Determination of the QCD coupling aa
ss

tau

W
Z jets

lattice

PDG'13a
s
 = Single free parameter in QCD

       (in the m
q 
 0 limit). Determined 

       at a given ref. scale (e.g. m
Z
). 

       Decreases as ~ln(Q2/L2),

       with L~0.25 GeV.

➧Measured by comparing various 

    experimental observables to 

    different pQCD predictions:

➧Direct way to reduce a
s
 world-average uncertainty: Add new independent extractions
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Multi-prong determination of Multi-prong determination of aa
ss
 coupling coupling
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Future determination of Future determination of aa
ss
 coupling coupling

Snowmass'13, arXiv:1310.5189


