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Mostly based on: D. d'Enterria, M. Srebre, “α

s
 and V

cs
 determination, and 

CKM unitarity test, from W decays at NNLO” PLB763 (2016) 465.
Plus FCC-ee CDR updates: http://inspirehep.net/record/1713706

http://arxiv.org/abs/arXiv:1603.06501
http://inspirehep.net/record/1713706
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World World ss determination determination

■ Determined today by comparing 6 experimental observables to pQCD 
   NNLO,N3LO predictions, plus global average at the Z pole scale:

(2)  decays

(5) Z decays
(6) pp ttbar➞

(1) lattice

(3) PDFs

(4) e+e- jets (shapes, rates)

[Bethke/Dissertori/Salam]
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ss from hadronic Z decays: W? future? from hadronic Z decays: W? future?

■ Determined today by comparing 6 experimental observables to pQCD 
   NNLO,N3LO predictions, plus global average at the Z pole scale:

(2)  decays

(5) Z, W(?) decays
(6) pp ttbar➞

(1) lattice

(3) PDFs

(4) e+e- jets (shapes, rates)

[Bethke/Dissertori/Salam]
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ss from hadronic Z decays from hadronic Z decays

➧Computed at N3LO:

➧Extraction from fits to all LEP data (mostly 3 Z-peak pseudo-observables):

After Higgs discovery, 
s
 can be also directly determined from full fit of SM:

➧


Z
 = 2.4952±0.0023 GeV (±0.1%)


s
 (M

z
) = 0.1196 ± 0.0030  (±2.5%)


s
 (M

z
) = 0.1221 ± 0.0031  (±2.5%, PDG, LEP alone)
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ss from hadronic Z decays (future) from hadronic Z decays (future)

– Huge FCC-ee Z stats ( 10✕ 5 LEP) will lead to:  
s
/

s
 < 0.2%

– Compare to full SM-fit extraction (BSM?): Parallel reduction of parametric
   uncertainties (sin2

eff
,m

W
,m

top
) will be achieved too.

 ➧ Extraction from N3LO fits to 3 e+e-→Z pseudo-observables:

FCC-ee (1012 Z's)Giga-Z at LHC (109 Z's)
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ss from hadronic W width from hadronic W width

➧Width known at N3LO. Small sensitivity to 
s
 (only beyond Born):


s
(1-4)|V

i,j
|2

  + 


s

  + 

➧

➧
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Hadronic W width at NHadronic W width at N33LOLO

➧Width known at N3LO. Small sensitivity to 
s
 (only beyond Born):


s
(1-4)|V

i,j
|2

  + 


s

  + 

➧

➧
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Hadronic W width at NHadronic W width at N33LOLO

➧Width known at N3LO. Small sensitivity to 
s
 (only beyond Born):


s
(1-4)|V

i,j
|2

  + 


s

  + 

➧

➧

-0.05%

[EWK: -0.35%]

3.78%96.60%

Careful evaluation of parametric (V
i,j
, m

W
) & theoretical uncertainties:

– Parametric uncertainty:                        ±22.40 MeV (dominated by V
cs

)

                                                                 ±0.96 MeV (CKM unitarity, dominated by m
W
)

– Higher-order QCD corrections:             ±0.019 MeV (diffs. N3LO vs N4LO for 
Z
)

– Higher-order EWK, mixed corrections: ±0.035 MeV (from D.Kara NPB877(2013)683)

– Others (non-pQCD (
QCD

/m
W
)4, finite q masses above LO, ren. scheme,…): negligible

Derivation of partial and total hadronic W widths:



9/16
s
(2019) Workshop, ECT* Trento, Feb. 2019                                                              David d'Enterria (CERN)

Hadronic W width: Data vs. NHadronic W width: Data vs. N33LOLO

➧
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ss from hadronic W width at N from hadronic W width at N33LOLO

➧
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Hadronic W branching ratio at Hadronic W branching ratio at NN33LOLO

➧

➧

➧
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Hadronic W branching ratio: Data vs. Hadronic W branching ratio: Data vs. NN33LOLO

➧
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ss from hadronic W branching ratio at  from hadronic W branching ratio at NN33LOLO

➧
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ss from hadronic W had./lep. BR at  from hadronic W had./lep. BR at NN33LOLO

➧
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Summary: Summary: ss from hadronic W decays from hadronic W decays


s
 (M

z
) = 0.117 ± 0.040    (±35%)

➧FCC-ee: – Huge W stats ( 10✕ 4 LEP) will lead to: 
s
/

s
 < 0.3%

     – TH (param.) uncertainty: |V
cs

| to be significantly improved (10-4)

➧Computed at N3LO:

➧LEP: 
W
 = 1405±29 MeV (±2%), BR

W
 = 0.6741±0.0027 (±0.4%)

                           Extraction with large exp. & parametric 
   (CKM V

cs
) uncertainties today:

➧
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Summary: Future Summary: Future ss with permille precision with permille precision
■ World-average QCD 
   coupling at N2,3LO:
   – Determined today from 
      6 observables with
      ~1% uncertainty
      (least well-known coupling).
   – Impacts all LHC (& FCC-hh)
      QCD x-sections & decays.
   – Role beyond SM: GUT,
      EWK vacuum stability
      New colored sectors?

■ New NNLO extractions/updates:
   PDF fits, e-p jets, pp→ttbar, jets

■ Reduction of hadronization &        
   resummation uncertainties:
   – New TH developments needed
   – New precise e+e- data needed

■ Other NLO(*) extraction methods 
   proposed. Need TH work towards
   NNLO accuracy.

■ ~0.1% uncertainty, combining Z,W
  hadronic decays ONLY possible with 
  machine like FCC-ee with 1012,8 Z,W:
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Backup slidesBackup slides
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ss from hadronic W decays from hadronic W decays

➧Width (BR) known at N3LO (NNLO). Small sensitivity to 
s
 (beyond Born)

➧TH improvements: finite quark-mass effects included (LO), updated PDG
    parameters, careful evaluation of parametric (V

i,j
, m

W
) & theoretical uncert.

➧Calculation dominated by ±1.5% parametric (mostly V
cs

) uncertainty:

➧TH uncertainty (missing 
s
5 terms, non-pQCD (

QCD
/m

W
)4 power corrs., 

    finite quark masses beyond LO, CKM matrix renorm. scheme): ±0.03% 

[D.d'E, M.Srebre, arXiv:1603.06501]

96.60% 3.78%


s
(1-4)|V

i,j
|2

  + -0.05%


s

  + 

[EWK: -0.35%]


W
(MeV)       = 1428.67 ± 22.40

(par) 
± 0.04

(th)
      (exp. CKM)

                              1411.40 ±   0.96
(par) 

± 0.04
(th)      

  (CKM=1)

     BR
W 

= 
W
/

tot
 = 0.6820 ± 0.0110

(par) 
± 0.0002

(th) 
 (exp. CKM)

                                                  
0.6742 ± 0.0001

(par) 
± 0.0002

(th)
  (CKM=1)
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