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Introduction
Running QED coupling α(q2): important and fundamental quantity

F Appears in many places, e.g.
. .

. .f f
′

F Given as a geometric series in 1PI diagram
. .

. .

1PI 1PI 1PI

α(q2) =
α

1 − ∆α(q2)
, α ≡ α(0) ∼ 1

137

F Three contributions:
. .

. .

1PI

leptons (5-fl) hadrons top

∆α(q2) = ∆αlep(q2) + ∆α
(5)
had(q

2) + ∆αtop(q2)

∆αlep and ∆αtop : perturbatively calculable

∆α
(5)
had : evaluation possible only by using exp. data of e+e− → hadrons.



Evaluating Hadronic Contribution to α(q2)

The diagram to be evaluated:
. .

. .

q

had.

pQCD not useful at low |q2|. =⇒ Use the
dispersion relation and the optical theorem.
. .

. .

had.

=
∫

ds
π(s−q2)

Im

had.

2 Im

had.

=
∑

dΦ

∫ 2

had.

∆α
(5)
had(q

2) = −αq2

3π
P

∫
R(s′)ds′

s′(s′ − q2)

• For time-like q2, the weight
function emphasizes R(s) at
s ∼ q2

=⇒ For low |q2|, R(s) at low
energies is important

• Also for space-like q2 and
time-like q2 with |q2| as high
as M2

Z, exp. data for R(s)
at low energies are necessary
anyway.



Input for Our Evaluation of ∆α
(5)
had(q

2)
We use our compilation of e+e− → hadrons data (which we used for the
evaluation of ahad,LO

µ and α(M2
Z)) with updates.
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Our (Preliminary) Results for ∆α
(5)
had(q

2)
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For spacelike q2.

For timelike q2.



Comparison with Other Works in Literature
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For spacelike q2.
Our results (red band)
compared to Jegerlehner’s
results (dot-dashed line)
and Burkhardt and Pietrzyk’s
results (dotted line)

For timelike q2.
Our results (red band)
compared to Jegerlehner’s
results (dot-dashed line)



Summary

We evaluated ∆α
(5)
had(q

2) in the space- and time-like regime, using our compilation
of e+e− → hadrons data which we used to evaluate the hadronic contribution to
muon g − 2 and α(M2

Z) with updates.

X When combined with already precisely known contributions from leptons and
top, our results immediately yield α(q2).

X We found reasonable agreement with results in literature.

I We plan to provide a publicly available table of ∆α
(5)
had(q

2) and α(q2),
together with their uncertainties, as functions of q2.


