
Strong Coupling Constant from NNPDF Fits

L Del Debbio

Higgs Centre for Theoretical Physics
University of Edinburgh

L Del Debbio NNPDF αs Trento, Feb 2024 1 / 19



need for precision

• include all available data (with cuts), latest theory calculations

• robust error bars are mandatory

• control systematic errors

• simultaneous fits of αs and PDFs

• NNPDF determination [nnpdf 18] and methodological issues [Forte & Kassabov 20]
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correlated fit parameters
the usual story...

(α̂s, θ̂) depends on Y

L(αs, θ;Y ) = p(Y |αs, θ) , (α̂s, θ̂) = arg min
αs,θ

[
χ2(αs, θ;Y )

]
χ2(αs, θ;Y ) = χ2

min(Y ) +
1

2
(∆αs,∆θ)M

−1
Y

(
∆αs
∆θ

)
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more of the usual story...

M =

(
Mαα Mαθ

Mθα Mθθ

)
⇒ σ2α = Var[α] = Mαα

σ2old = σ2α

[
1 +

∑
µ

ρ2αθµ

]
≤ σ2α ; ρfα =

∑
µ ∂µf(x; θ̂) ραθµσµ(∑
µ |∂µf(x; θ̂)|2σµ

)1/2
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finding the minimum

minimization along orthogonal directions for any given set of data Y

(1) : θ̂(αs) = arg min
θ

[
χ2(αs, θ;Y )

]
(2) : α̂s = arg min

αs

[
χ2(αs, θ̂(αs);Y )

]
, θ̂ = θ̂(α̂s)

if Y = Yg is the global dataset, θ̂g(αs) is called best fit line
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Monte Carlo method

ensemble of replicas reproducing the statistical distribution of the data

Y =
{
Y (k); k = 1, . . . Nrep

}
−→ χ2(αs, θ;Y

(k)) = χ2,(k)(αs, θ)

for each replica determine

(α̂(k)
s , θ̂(k)) = arg min

αs,θ

[
χ2,(k)(αs, θ)

]

step (1): minimize χ2,(k) for 21 values of αs, 0.106 ≤ αs ≤ 0.130

↪→ determine θ̂(k)(αs), correlated PDFs for a given replica

step (2): discrete values of χ2,(k)(αs, θ̂
(k)(αs)) and interpolate by parabola
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fitted data
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result by replica

χ2,(k)
g (αs) = χ2

(
αs, θ̂

(k)
g (αs);Y

(k)
g

)
minima of the interpolated curves yields α̂(k)

s , if the fit has converged
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distribution of αs
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processes - restricted χ2

χr
2,(k)

P (αs) = χ2
(
αs, θ̂

(k)
g (αs), Y

(k)
P

)

=⇒ for P best-fit values, we need χ2,(k)
P (αs) = χ2

(
αs, θ̂

(k)
P (αs), Y

(k)
P

)
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systematics I - replica selection

choice of Nmin

∆sel = 0.00003(0.03%)
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systematics II - parametrization of χ2

trimming the values of αs in parabolic fits

different functional forms: χ2(αs) 7→ χ2 (f(αs))

∆par = 0.00010(0.08%)
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systematics III - t0 prior

using the t0 covariance

choice of t0 prior

∆t0 = 0.00004(0.03%)
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summary

methodology uncertainty

∆meth = 0.00011(0.09%)

MHOU: ∆pert =
∣∣αNNLO
s − αNLO

s

∣∣ = 0.0022
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Forte & Kassabov (2020)

• the minimum of the restricted χr
2

is not the best fit for P

• there are (αs, θ) points that yield a better description of both P and
the global dataset

• it is not even a ’compromise’ between the best fits... (right plot)
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results from restricted χr
2
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conclusions

• PDFs and αs need to be determined together

• latest global fit error dominated by MHOU [nnpdf 18]

• FK2020 consistent PDFs and αs, no shortcut

• MHOU now incorporated in TH covariance [nnpdf 24]

• stay tuned for a global fit with MHOU

• analyses that do not refit the PDFs together with αs are biased

L Del Debbio NNPDF αs Trento, Feb 2024 19 / 19

https://arxiv.org/abs/1802.03398
https://arxiv.org/abs/2401.10319

