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 Strong Interaction
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• In SM, the Quantum Chromodynamics (QCD) describes the strong interaction 
among quarks and gluons.

ℒ = ∑
q

ψ̄q,a(iγμ∂μδab − gsγμtC
abAC

μ − mqδab)ψq,b −
1
4

FA
μνFAμν

• The strong coupling constant, ,αS = g2
s /4π

- Quantizes the strength, and dictates features of the strong interaction.

- The  has been measured using many methods, such as hadronic  decay, PDF fits and 
EW precision fit etc. .

αS τ

• The strong interaction is the least known interaction in SM, and important for 
precise measurements and new physics search. 
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• Is there anything behind color confinement 
and “asymptotic freedom” ? 


• What will happen on  below ? what can 
we use as a tool to measure the  below 

?

αS mτ
αS

mτ

• In the region from  to ~ , the values of  have been determined at many energy 
scales, especially in higher energy region (  GeV).


mτ 2 TeV αS
> 10

- Demonstrate “asymptotic freedom” and color confinement.

 Existing measurements of αS

 JinFei Wu

mτ

mZ

PDG

??

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.030001


 Existing measurements of αS
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• The existing measurements of  include :αS

- Hadronic  decays and low  data, BESIII τ Q2

PDG

- Heavy quarkonia decays, BESIII
- PDF fits,
- Hadronic final states of  annihilations, BESIII(need investigation)e+e−

- Observables from hadron induced collisions,
- Electro-weak precision fit,
- Lattice QCD.

• What could we do to determine  at BESIII?αS
- Hadronic  decays and low  data,τ Q2

- Heavy quarkonia decays,
- Maybe new ideas.

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.030001
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 BESIII detector
• The excellent detector performance provides good potential to look into 

QCD.
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•  : 0.5%σP, charged trk@1GeV/c

•  for electron : 6%σdE/dX

•  : 2.5(5)% for barrel 
(end-cap) region.
σEγ in EMC@1 GeV/c

•  : 68(110)ps for barrel (end-cap) 
region, the updated end-cap gives 60 ps.
σt in TOF

• 93% coverage of full solid angle

• The BESIII is a well-performed detector after 10+ years running.

Nature Rev.Phys. 1 (2019) 8, 480-494

https://www.nature.com/articles/s42254-019-0082-y


• The BESIII has collected the   sample and ~20.3   
collision data sample at 3.773 GeV.


• Except these data, there are also lots of  collision data at many energy points.

(10.09 ± 0.04) × 109 J/ψ fb−1 e+e−

e+e−

9 JinFei Wu

 Data samples at BESIII

BESIII

Huge and clean data sample@BESIII Good opportunities@  and QCDαS

Hug
e d

ata

http://english.ihep.cas.cn/bes/ui/ds/202109/t20210923_284001.html
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Wu et al 2024 Chinese Phys. C

https://doi.org/10.1088/1674-1137/ad8baf


  from inclusive semi-leptonic decay of charmed mesonsαS
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• The Heavy Quark Expansion (HQE) of  mesons is well established and used in the 
extraction of .

b
|Vcb | 1,2,3,4,5

- The lifetimes and branch ratios are close among different B mesons (even B baryons), 
which means the impact of spectator quark is negligible.

[5] Nucl.Phys.B 840 (2010) 424-437[1] JHEP12(2019)067 [2] PhysRevD.53.6316 [4] Mod.Phys.Lett.A 17 (2002) 245-251[3] JHEP08(2022)241

b
q̄ q̄

q′￼

ν̄
l

Int.J.Mod.Phys.A 30 (2015) 10, 1543005 Int.J.Mod.Phys.A 30 (2015) 10, 1543005

Not up-to-date

• Let’s see B sector first,

• How about charm sector?

https://www.sciencedirect.com/science/article/pii/S0550321310003895?via%3Dihub
https://link.springer.com/article/10.1007/JHEP12(2019)067
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.53.6316
https://www.worldscientific.com/doi/abs/10.1142/S0217732302006461
https://link.springer.com/article/10.1007/JHEP08(2022)241
https://doi.org/10.1142/S0217751X15430058
https://doi.org/10.1142/S0217751X15430058
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• We look at the inclusive decays of charmed mesons,

- Despite the  changes a lot among different charmed mesons, the inclusive semi-
leptonic (SL) decay widths ( ) are quite close, at least  and .

τ
ΓSL D0 D+

- The measurements indicate the impact of spectator quark in SL may be limited.

  from inclusive semi-leptonic decay of charmed mesonsαS

• The HQE can also describe the SL of charmed mesons (at least for  and ), 
which may be used to determine  and .…

D0 D+

αS |Vcs |
Nucl.Phys.B 840 (2010) 424-437

ΓSL, Di
=

6.582 × 10−25 ⋅ BrSL(Di → Xeνe)
τDi

GeV

• the  of  meson using the mean lifetime 
( ) and branching ratio of inclusive semi-
leptonic decay ( ).

ΓSL Di
τDi

BrSL

Wu et al 2024 Chinese Phys. C https://doi.org/10.1088/1674-1137/ad8baf

https://www.sciencedirect.com/science/article/pii/S0550321310003895?via%3Dihub
https://doi.org/10.1088/1674-1137/ad8baf


• Except , we also check the distributions of in the SL of charmed 
mesons.

ΓSL |pe+ |
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Lab frame Kolmogorov-Smirnov tests among  and average of |pe+,i | |pe+,i |

Same distributions of among different charmed mesons|pe+ |

• The measurements demonstrate that the impact of spectator quark in SL is 
limited.

- The measurements of is in lab frame, which cannot be used to extract  directly.|pe | αS

  from inclusive semi-leptonic decay of charmed mesonsαS

Wu et al 2024 Chinese Phys. C

https://doi.org/10.1088/1674-1137/ad8baf


• P. Gambino and J. F. Kamenik calculated the  using HQE, which is expand as a 
series of  and  (the ratio of ).

ΓSL
αS(m2

c ) r m2
s /m2

c

14 JinFei Wu
Nucl.Phys.B 840 (2010) 424-437

-   :the kinetic and chromo-
magnetic dimension-five 
μ2

π, G

-   : Darwin and spin-orbital 
(LS) dimension-six operators.
ρ3

LS, D

- : weak annihilation (WA).BWA

- , can be extracted 
from 
αS = αS(m2

c )
ΓSL

- Strong dependence of mc

- Can extract the |Vcs |

• The authors work on the inclusive semi-leptonic decay of beauty and charm 
mesons for almost 25 years.

  from inclusive semi-leptonic decay of charmed mesonsαS

https://inspirehep.net/authors/1008976
https://inspirehep.net/authors/1033909
https://www.sciencedirect.com/science/article/pii/S0550321310003895?via%3Dihub


• A  minimization method is employed to determine  from the ,χ2 αS(m2
c ) ΓSL
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χ2(αS, θj) = ∑
i

[ΓSL,Di
− Γ̂SL(αS, θj)]2

σ2
ΓSL,Di

+ ∑
j

(θj − θ′￼j)2

σ2
θ′￼j

-  : measured  for  meson.ΓSL, Di
ΓSL Di -   : uncertainty of  for  meson.σΓSL, Di

ΓSL Di

-  : predicational  for  meson.Γ̂SL, Di
ΓSL Di -  and  : the value and uncertainty of constrained parameters in the fit.θ′￼j σθ′￼j

• The uncertainty caused by theoretical prediction is estimated by varying 
 with 10% uncertainty.Γ̂SL

  from inclusive semi-leptonic decay of charmed mesonsαS

- High order perturbative corrections, need more precise calculation.

- Cabibbo suppressed processes, could be suppressed from more measurements.



• The parameters involved in the  of charmed mesons are,ΓSL
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- The values are from the measurements without involving the  of D mesons.ΓSL

• The uncertainties of these parameters are 
dominate uncertainty sources in the 
extraction of .αS

- More measurements at BESIII will help to 
reduce the uncertainties of these parameters.

- The kinetic scheme is used to avoid the bad convergence behavior.

  from inclusive semi-leptonic decay of charmed mesonsαS

Wu et al 2024 Chinese Phys. C

https://doi.org/10.1088/1674-1137/ad8baf
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• The values of  are extracted for , , and .αS(m2
c ) D0 D+ D+

s

Shade : world average.

Marker : fitted αS

Inner error bar : experimental 
uncertainty,

Outer error bar : total 
uncertainty,

- The values of  are consistent within 1  among different D mesons, and with the world 
average (run  to ). 

αS(m2
c ) σ

αS(m2
Z) mc

Wu et al 2024 Chinese Phys. C

- The consistence among different D mesons demonstrate the robustness of this method.

  from inclusive semi-leptonic decay of charmed mesonsαS

https://doi.org/10.1088/1674-1137/ad8baf
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• The results of different charmed mesons,
  from inclusive semi-leptonic decay of charmed mesonsαS

• The profile contours of ,


- The consistence among different 
charmed mesons,


- The strong dependence on  limit the 
precision of results, may need new 
observables to reduce this dependence.

αS(m2
c ) VS mc

mc

Wu et al 2024 Chinese Phys. C

https://doi.org/10.1088/1674-1137/ad8baf
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• The values of  at different energy scales are compared to the RGE running 
values.

αS

- The value of  is firstly measured 
using the charm data, which is in good 

agreement with the value obtained by 
running  to .


- The result indicates the “asymptotic 
freedom” still works at 1.37 GeV.


- This work offers a new approach to 
determine the value of   below .

αS(m2
c )

αS(m2
Z) mc

αS mτ

  from inclusive semi-leptonic decay of charmed mesonsαS

Wu et al 2024 Chinese Phys. C

https://doi.org/10.1088/1674-1137/ad8baf
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• We could perform more measurements about SL of charmed mesons at BESIII.


- Momentum of lepton in SL at the rest frame of charmed mesons.


- Even the measurements of SL of charmed baryons.


- …

  from inclusive semi-leptonic decay of charmed mesonsαS

Arxiv.2406.05827

Lab frame
Work in progress

https://arxiv.org/abs/2406.05827v1
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• At BESIII, we could also measure the  using .αS τ
  from other methodsαS

Slides from Yuzhi Che

• The studies have been performed using BESIII 
data by Yuzhi Che et al. BESIII workshop

PDG

https://indico.ihep.ac.cn/event/22089/contributions/169818/attachments/83518/105978/CEPCWS_2024.pdf
https://indico.ihep.ac.cn/event/22305/contributions/159139/attachments/79453/99143/parallel_LNU.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.030001
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• The  collision data samples could also be used to extract the values of .e+e− αS

  from other methodsαS

-  values using sum rules method, work in progress.Rcc̄

Preliminary

Welc
ome t

o jo
in us!

PDG

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.030001
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• The  collision data samples provide new opportunities to extract the values of 
.

e+e−

αS

  from other methodsαS

- Such as energy correlator. It might be useful at BESIII, still need further investigation.
PhysRevLett.133.071903 Arxiv.2406.10946

Slides from Zhen Liu

PhysRevD.102.054012

BESIII

Work
 in

 prog
res

s


Welc
om
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o j

oin
 us

!

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.133.071903
https://arxiv.org/pdf/2406.10946
https://indico.ihep.ac.cn/event/22089/contributions/169820/attachments/83533/105996/cepc2024.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.054012
http://english.ihep.cas.cn/bes/ui/ds/202109/t20210923_284001.html
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 Summary
• The possible measurements of  at BESIII have been summarized,


• The huge  collision data at BESIII provides unprecedented opportunities, 
meanwhile considerable challenges.

αS

e+e−
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- The inclusive semi-leptonic decays of charmed mesons, 
- The hadronic  decays, τ
- The  values using sum rules method,Rcc̄

- The energy correlator at  collisione+e−

- ……

- It’s worth to exploit the data to further understand strong interaction.

- The deep understanding of strong interaction will benefit searching for new physics and 
future collider experiments.
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Thanks for your listening 

Please feel free to contact us



 Backup
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 The prediction of ΓSL
• The P. Gambino and J. F. Kamenik calculated the  using the framework 

of HQE .
ΓSL

4
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[4] Nucl.Phys.B 840 (2010) 424-437

f0(r) = 1 − 8r + 8r3 − r4 − 12r2 ⋅ log(r)

f1(r) = 2.86 r − 3.84r ⋅ log(r)

f2(r) = β0[8.16 r − 1.21r ⋅ log(r) − 3.38]

fπ(r) = − f0(r)/2

fG(r) =
1
2

f0(r) − 2(1 − r)4

fLS(r) = − fG(r)

fD(r) =
77
6

+ 𝒪(r) + 8log(
μ2

WA

m2
c

)

https://inspirehep.net/authors/1008976
https://inspirehep.net/authors/1033909
https://www.sciencedirect.com/science/article/pii/S0550321310003895?via%3Dihub

