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Motivation



Measuring strong coupling in pQCD

General strategy: finding an observable that fulfils these 
requirements:

• Small non-perturbative power corrections 

• Known to high order in pQCD, with good convergence 

• Very sensitive to the strong coupling 

• Typical energy scale not too high 

• Known experimentally with high accuracy



Measuring strong coupling in pQCD

General strategy: finding an observable that fulfils these 
requirements:

• Small non-perturbative power corrections 

• Known to high order in pQCD, with good convergence 

• Very sensitive to the strong coupling 

• Typical energy scale not too high 

• Known experimentally with high accuracy

Not so easy to find a single example that satisfies all of these…

Let’s see how far we get with quarkonia spectrum



Theory review



Quarkonium in a nutshell

Bound states of a heavy quark-antiquark pair

Can be treated in pNRQCD

Will be used for   and  statesb̄b c̄c b̄c
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Quarkonium in a nutshell

Bound states of a heavy quark-antiquark pair

Will be used for   and  statesb̄b c̄c b̄c

Obtained solving Schrödinger equation in perturbation theory

Static potential + relativistic corrections + ultrasoft effects

First look at the expression (pole scheme)

Strong coupling enters as , sensitivity not greatα2
s
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Can be treated in pNRQCD

Masses are characterised by four quantum numbers: n, l, j, s



Full for formula for quarkonium
Pole scheme

+ NP

residual dependence on mass

harmonic number: depends on n and l

[Kiyo, Sumino NP 
B889 (2014) 156-191]
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Full for formula for quarkonium

+ NP

residual dependence on mass
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Pi(L) =
i∑
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cij L
j polynomial (simply RG-invariance)

harmonic number: depends on n and l

Argument of logs non-trivial: includes αs(μ)

typical scale is then μ ∼
CF αs m

n
≪ m

[Kiyo, Sumino NP 
B889 (2014) 156-191]
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Full for formula for quarkonium

+ NP

residual dependence on mass
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s
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Argument of logs non-trivial: includes αs(μ)

typical scale is then μ ∼
CF αs m

n
≪ m

[Kiyo, Sumino NP 
B889 (2014) 156-191]
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Charm mass effects in bottomomium
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Charm mass effects in bottomomium
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decoupling limit good approximation

known exactly complicated

VM & PG Ortega



Charm mass effects in bottomomium
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decoupling limit good approximation

known exactly complicated

VM & PG Ortega
Need to implement charm mass 
corrections in renormalon subtraction



Bc masses
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Can be used to predict high-order corrections

We have repeated 2018 analysis with REvolver
[Hoang, Lepenik, Preisser (2017)]

[VM, Ortega (2018)]



Short distance scheme
The expression has a u = 1/2 renormalon

Express pole mass in terms of low-scale short-distance scheme
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Short distance scheme

We employ the MSR mass and R-evolution

Bottomonium  scheme: R-evolutiom with charm corrections 
                               or usual R-evolution 

Bottomonium  sch: charm MSR mass R-evolution 
                   consistent running and matching to  

Chamonium: usual MSR mass with 3 flavors 

Bc charm and bottom MSR masses with 3 flavors

nℓ

nℓ − 1
mb

The expression has a u = 1/2 renormalon

Express pole mass in terms of low-scale short-distance scheme
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Scale setting

For different values of n we use different scale variation

Bottomonium: consider only states with n = 1, 2
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µ2(µ) = µ, R2(R) = R , 1GeV → µ,R → 4GeV ,

µ1,3(µ) = 1.5GeV + 2.5(µ↑ 1GeV)/3 , R1,3(µ) = 1.5GeV + 2.5(µ↑ 1GeV)/3 ,
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For different values of n we use different scale variation

We believe this propagates correlations correctly

Using theory nuisance parameters is an obvious improvement on this
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PRELIMINARY

Bottomonium: consider only states with n = 1, 2

[F. Tackmann, JHEP 08 (2025) 098]
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schemes for finite charm mass effects
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Some thoughts
One could follow same strategy as in [Boito VM JHEP 03 (2020) 094]

Take ratios of n = 1 and n = 2 bottomonium masses to loose 
dependence on bottom quark (only within logs) 

We find this fails since  comes only squaredαs

drops the  term, improves sensitivity𝒪(α0
s )

Determine  from bottomonium,  from charmonium,  from mb mc αs Bc

strategy used in [Peset, Pineda, Segovia JHEP 09 (2018) 167]
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Take ratios of n = 1 and n = 2 bottomonium masses to loose 
dependence on bottom quark (only within logs) 

We find this fails since  comes only squaredαs

drops the  term, improves sensitivity𝒪(α0
s )

Determine  from bottomonium,  from charmonium,  from mb mc αs Bc

Use n = 1 vs n = 2 mass splittings (renormalon free): [VM, Ortega]



Details on fits
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!pert =
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2

[
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(
mBF

Q (µ,R)
)
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(
mBF
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)]

perturbative error from max and min best-fit values

experimental error from average of fit uncertainties

inflated by χ2
min/dof

add in quadrature

Construct a  function with experimental errors onlyχ2

Scan over a grid of  and R values correlated as describedμ



Results I
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b = 4.18+0.03
−0.02 GeV



Results I

 schemenℓ − 1
<latexit sha1_base64="umarJRWXpck7YPTKa9rtI7J5RCg="></latexit>

mb (mb) = 4.219± 0.064GeV

ω
(nf=5)
s (mZ) = 0.1177± 0.0051

excellent reproduction

Reproduction using REvolver (JM Mena-Valle Bachelor Thesis) 

Only bottomonium [VM, Ortega JHEP]  schemenℓ − 1

<latexit sha1_base64="iP+V3un4OGk4rIp7yoiP3YPhXVk="></latexit>

mb (mb) = 4.219± 0.0002exp ± 0.062pert GeV

ω
(nf=5)
s (mZ) = 0.1178± 0.00001exp ± 0.0050pert

Remainder: 
mPDG

b = 4.18+0.03
−0.02 GeV



Results I

 schemenℓ − 1

 schemenℓ

<latexit sha1_base64="umarJRWXpck7YPTKa9rtI7J5RCg="></latexit>

mb (mb) = 4.219± 0.064GeV

ω
(nf=5)
s (mZ) = 0.1177± 0.0051

<latexit sha1_base64="uch623evPObrFNZDz01U21WQkUY="></latexit>

mb (mb) = 4.229± 0.058GeV

ω
(nf=5)
s (mZ) = 0.1177± 0.0042

excellent reproduction

more accurate results
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Only bottomonium [VM, Ortega JHEP]  schemenℓ − 1

<latexit sha1_base64="iP+V3un4OGk4rIp7yoiP3YPhXVk="></latexit>

mb (mb) = 4.219± 0.0002exp ± 0.062pert GeV

ω
(nf=5)
s (mZ) = 0.1178± 0.00001exp ± 0.0050pert

Remainder: 
mPDG

b = 4.18+0.03
−0.02 GeV



Results II
Charmonium & bottomonium (JM Mena-Valle Bachelor Thesis) 

<latexit sha1_base64="MPGT1Dpc+rDMTaaqucH2p+wxfYg="></latexit>

mb (mb) = 4.228± 0.055GeV

mc (mc) = 1.289± 0.054GeV

ω
(nf=5)
s (mZ) = 0.1178± 0.0041

 scheme from now onnℓ

small error reduction on bottom mass and strong coupling 
central values essentially unchanged

 
mPDG

b = 4.18+0.03
−0.02 GeVmPDG

c = 1.27 ± 0.02 GeV

Remainder



Results II
Charmonium & bottomonium (JM Mena-Valle Bachelor Thesis) 

<latexit sha1_base64="MPGT1Dpc+rDMTaaqucH2p+wxfYg="></latexit>

mb (mb) = 4.228± 0.055GeV

mc (mc) = 1.289± 0.054GeV

ω
(nf=5)
s (mZ) = 0.1178± 0.0041

 scheme from now onnℓ

small error reduction on bottom mass and strong coupling 
central values essentially unchanged

bottomonium & Bc (JM Mena-Valle Master Thesis) 

affects both central values a bit

<latexit sha1_base64="ejeiby20METioQPTGk6Hf3oB1KA="></latexit>

mb (mb) = 4.234± 0.053GeV

ω
(nf=5)
s (mZ) = 0.1172± 0.0039

small error reduction on bottom mass and strong coupling 

 
mPDG

b = 4.18+0.03
−0.02 GeVmPDG

c = 1.27 ± 0.02 GeV

Remainder



Global fit
Charmonium, bottomonium & Bc (JM Mena-Valle Master Thesis) 

<latexit sha1_base64="8p8G6b4FXTVnbOO5idltVk9HvO0="></latexit>

mb (mb) = 4.231± 0.055GeV

mc (mc) = 1.289± 0.048GeV

ω
(nf=5)
s (mZ) = 0.1174± 0.0042

small error reduction on charm mass 

affects  central value, small increase of uncertaintyαs

small effect on bottom mass central value 



Global fit
Charmonium, bottomonium & Bc (JM Mena-Valle Master Thesis) 

<latexit sha1_base64="8p8G6b4FXTVnbOO5idltVk9HvO0="></latexit>

mb (mb) = 4.231± 0.055GeV

mc (mc) = 1.289± 0.048GeV

ω
(nf=5)
s (mZ) = 0.1174± 0.0042

small error reduction on charm mass 

affects  central value, small increase of uncertaintyαs

small effect on bottom mass central value 

summary



Anticipating your first question

What if you fix charm and bottom masses to 
PDG values and fit for  ?αs

<latexit sha1_base64="IS/U6tpH0AuWnK/HsTvWVZVWfh0=">AAACZ3icdZFLbxMxFIU9w6uERwOtEBIbQ1SpbEaepknaRaUKNiyLRNqKTLA8jiexanss+w4iGg0/kl33bPov6jx4Fq5k6eg7vvb1cW6V9EDIZRTfun3n7r2N+60HDx893mw/eXrqy8pxMeSlKt15zrxQ0oghSFDi3DrBdK7EWX7xduGffRbOy9J8gLkVY82mRhaSMwiItr9mTNkZo/5TnSlRwK6hxVEvc3I6g9fNCmn6cQ2OSJKmh12cWY1JQki/S+sMxBfAtRUOcNP8tAjZp7Wm+S+y17vRfkDbHZIcDgbdQQ/fFOnyHEI6aF0ntP0tm5S80sIAV8z7UUosjGvmQHIlmlZWeWEZv2BTMQrSMC38uF7m1OCdQCa4KF1YBvCS/t 5RM+39XIeZdzSDmf/bW8B/eaMKioNxLY2tQBi+uqioFIYSL0LHE+kEBzUPgnEnw6yYz5hjHMLXtEIIP16K/y9O95K0n/Tf73eO36zj2EAv0Cu0i1I0QMfoHTpBQ8TR96gVbUXb0VW8GT+Ln6+2xtG6Zwv9UfHLa+5esoQ=</latexit>

ω
(nf=5)
s (mZ) = 0.1193± 0.0063pert ± 0.00004mb ± 0.0025 = 0.1193± 0.0068

significantly higher, more uncertain

Can be traced to tensions between quark masses obtained from 
quarkonium fits and PDG values

 
mPDG

b = 4.18+0.03
−0.02 GeVmPDG

c = 1.27 ± 0.02 GeV

Remainder



Conclusions

Strong coupling overly driven by bottomonium mass splitting 

Bc has little to add to the  determination 

Global fits do not improve the landscape significantly  

Most important contribution to  error budget: perturbative 

Implementing theory nuisance parameters next natural step 

Finding a new strategy to improve convergence could be 

instrumental 

αs

αs

Thanks for your attention


